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Abstract
Tartrazine (TZN), a synthetic azo dye, is extensively used in the food and beverage industry and has raised concerns owing 
to its potential health risks, necessitating the development of rapid, sensitive, and cost-effective detection methods. This 
study explored the development and application of a polydiethylcarbamazine modified carbon paste electrode (poly-DECZ/
MCPE) for the electrochemical detection of TZN, offering an opportunity for a highly selective and efficient approach for 
its quantification. The electrode was fabricated through the electropolymerisation of diethylcarbamazine (DECZ) in a 0.2 M 
phosphate buffer solution (PBS, pH 7.4) using cyclic voltammetry (CV). The electrochemical behaviour of TZN was sys-
tematically investigated by considering the influences of the scan rate, pH, and concentration variations. The effect of scan 
rate variation suggests that the oxidation process of TZN is mainly diffusion-controlled, ensuring a reliable signal response. 
The lower limit of detection (LOD) of TZN was found to be 0.17 µM and the limit of quantification (LOQ) was found to be 
0.567 µM using the differential pulse voltammetry (DPV) technique. In addition, the sensor demonstrated excellent selectiv-
ity for accurately detecting TZN in the presence of interfering components. To demonstrate its practical applicability, the 
modified electrode was successfully employed in the analysis of real samples, such as soft drink formulations. Owing to its 
high sensitivity, selectivity, and stability, poly-DECZ/MCPE is a promising approach for revealing the presence of tartrazine 
in different food items.
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Abbreviations
TZN	� Tartrazine
DECZ	� Diethylcarbamazine
BCPE	� Bare carbon paste electrode
MCPE	� Modified carbon paste electrode
PBS	� Phosphate buffer solution
CV	� Cyclic voltammetry
DPV	� Differential pulse voltammetry
LOD	� Limit of detection

SCE	� Saturated calomel electrode
CHI-619E	� CH instruments-619E electrochemical 

workstation

Introduction

Synthetic dyes have revolutionized various industries owing 
to their remarkable properties and versatility. These dyes are 
widely used in textiles, food technology, cosmetics, pharma-
ceuticals, and agricultural research (Ghalkhani et al. 2022; 
Karimi-Maleh et al. 2022; Forgacs et al. 2004). Their cost-
effectiveness, ease of production, and stability make them 
indispensable for applications that require vibrant, long-last-
ing colouration. In the food industry, synthetic dyes are pre-
ferred over natural dyes because they exhibit high stability 
to light, oxygen, and pH changes, ensuring a uniform colour 
and brightness of the products. Furthermore, synthetic dyes 
minimize microbiological contamination, offer a wide range 
of shades, and incur relatively low production costs, making 
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them a practical choice for large-scale use (He et al. 2018; 
Mehmandoust et al. 2021).

Among synthetic dyes, tartrazine (E102) stands out for 
its vivid yellow colour, cost-effectiveness, and durability. 
It is extensively used in food products, beverages, pharma-
ceuticals, and cosmetics. Despite its widespread utility, the 
presence of the azo (–N = N–) group in tartrazine has raised 
significant public health concerns. Reports have linked tar-
trazine exposure to adverse biological effects, including 
allergic reactions, behavioural changes, anxiety, and poten-
tial carcinogenicity (Moulya et al. 2023; Amin et al. 2010; 
Abd-Elhakim et al. 2019; Amchovaet al. 2015). Conse-
quently, regulatory authorities such as the Food and Agricul-
ture Organization/World Health Organization (FAO/WHO) 
and the European Food Safety Authority (EFSA) have set an 
Acceptable Daily Intake (ADI) of 7.5 mg/kg body weight/
day (Abd-Elhakim et al. 2019; Amchova et al. 2015; Wu 
et al. 2021). Despite these measures, the persistent use of 
the dye, especially in developing nations, underscores the 
necessity for reliable detection methods to ensure compli-
ance with safety standards. Considering both the potential 
health effects and the need for knowledge of food compo-
nents, detection of synthetic dyes in foodstuffs and beverages 
is an important issue (Gan et al. 2013). Numerous analyti-
cal techniques have been developed to quantify tartrazine 
(TZN) in food matrices, including High-Performance Liquid 
Chromatography (HPLC) (Ma et al.2006; Alves et al. 2008; 
Bonan et al. 2013; Chen et al. 1998), thin-layer chromatog-
raphy (TLC) (Soponar et al. 2008), and spectrophotometry 
(Al-Degs and El-Sheikh 2013; Sahraei et al. 2013; Berzas 
et al. 1999), fluorescence emission spectrometry (Huang 
et al. 2012; Zhao et al. 2023) and capillary electrophoresis 
(Lee et al. 2008). These methods are effective, but are time-
consuming, expensive, and often require extensive sample 
preparation involving organic solvents and extraction steps.

This backdrop sets the stage for exploring advanced 
detection techniques, particularly electrochemical meth-
ods such as cyclic voltammetry (CV) and differential pulse 
voltammetry (DPV), which offer promising alternatives to 
traditional analytical approaches. These methods aim to 
enhance operational simplicity, rapid response, accuracy, 
sensitivity, and feasibility for on-site testing (Majidi et al. 
2013; Teradale et al. 2023). Among the electrochemical 
techniques, carbon paste electrodes (CPEs) have emerged 
as versatile platforms because of their easy modification, low 
background current, fast regenerative surface, low ohmic 
resistance, and low cost (Darabi and Shabani-Nooshabadi 
2021; Mahale et al. 2022; Ghoreishi et al. 2011; Georgescu 
et al. 2022).

Recently, there has been a surge in the development of 
modified carbon-based electrodes for tartrazine sensing. 
For example, the use of a Sr-doped ZnO-modified carbon 
paste electrode with an enhanced electrochemical response 

has been reported for the detection of tartrazine in sports 
drinks, achieving high selectivity in complex matrices (Dai 
et al. 2024). Similarly, an Ag-La(OH)₃@Dy₂O₃ composite 
was employed on laser-induced graphene for simultane-
ous detection of bisphenol A and tartrazine, demonstrating 
excellent electrocatalytic behaviour (Vignesh et al. 2024). 
Nanoengineered yttrium iron oxide on functionalized car-
bon nanofibers was developed for precise azo dye detection, 
showing potential for multiplexed and real-time food safety 
applications (Senthilkumar et al. 2025). A comprehensive 
review summarizes emerging strategies using polymer films, 
doped oxides, and hybrid nanocomposites to improve the 
sensitivity, limit of detection (LOD), and anti-interference 
properties (Anaji et al.2024).

While these methods demonstrate progress, they often 
rely on multistep fabrication, expensive nanomaterials, or 
less accessible composites. In this context, our study intro-
duces a novel, cost-effective electrochemical sensor that 
uses a polymerized diethylcarbamazine (poly-DECZ) film 
on a carbon paste electrode (CPE) to detect tartrazine. It 
has been reported that diethylcarbamazine citrate can boost 
the activation of voltage-activated potassium (SLO-1) cur-
rents in certain parasites, indirectly amplifying the efficacy 
of anthelmintic drugs (Buxton et al. 2014). Modification of 
the carbon paste electrode was achieved through electropoly-
merisation, which enhanced the surface area and conduc-
tivity of the electrode. Although no theoretical modelling 
was employed to confirm the interaction mechanism, it is 
presumed that functional groups such as tertiary amines 
and carbamate groups of DECZ may enable electrocatalytic 
enhancement through hydrogen bonding, π–π stacking, and 
electrostatic interactions with the sulfonate and azo groups 
of tartrazine. These interactions between the functional 
groups may improve the preconcentration of TZN near the 
electrode surface and facilitate its oxidation during voltam-
metric analysis. The approach of this study was to develop a 
simple, sensitive, and selective electrochemical sensor utiliz-
ing the interactions between TZN and functional groups pre-
sent in the DECZ structures (Fig. 1), leading to an innovative 
and practical solution to ensure food safety and compliance 
with regulatory standards.

Experimental

Apparatus

An advanced CH Instruments electrochemical workstation 
(CHI-619E) was used for the electrochemical experiments. 
The system incorporated a conventional ideal three-electrode 
arrangement comprising a platinum wire as the counter elec-
trode, a saturated calomel electrode (SCE) as the reference 
electrode, and either a bare carbon paste electrode (BCPE) 
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or a poly DECZ-modified carbon paste electrode (poly-
DECZ/MCPE) as the working electrode. This configuration 
formed the electrochemical cell.

Reagents and materials

Tartrazine (TZN) and diethyl carbamazine (DECZ) were 
acquired from Sigma-Aldrich Ltd. Stock solutions of TZN 
and DECZ (CTZN = 0.001 M and CDECZ = 0.01 M) were 
prepared by dissolving the calculated amounts in double-
distilled water. The electrochemical study was performed in 
0.2 M phosphate buffer solution (PBS). The desired pH was 
achieved by adjusting the quantities of the NaH2PO4·H2O 
and Na2HPO4 solutions. All experiments were performed at 
room temperature, and freshly prepared solutions were used 
to maintain consistency and reliability.

Fabrication of working electrodes (BCPE and MCPE)

Graphite powder was combined with silicone oil in a 70:30 
weight ratio to prepare carbon paste electrodes. The blending 
process continued for approximately an hour until a con-
sistent paste was obtained. This mixture was subsequently 
placed into a Teflon tube with an inner diameter of 3 mm to 
ensure proper contact with the electrical connector. Elec-
tropolymerization of DECZ on a bare carbon paste electrode 
(BCPE) surface was conducted through cyclic voltamme-
try, as previously described (Chadchan et al. 2022; Teradale 
et al. 2017). Following polymerization, the electrode was 
carefully rinsed with double-distilled water to eliminate 
any residual unreacted material. The electrode surface was 

renewed before each use following the same preparation pro-
cedure to maintain measurement consistency.

Interference study

The electrocatalytic response of 0.1 mM TZN in 0.2 M 
Phosphate Buffer Solution (pH 7.4) was investigated in 
the presence of various potentially interfering species 
commonly found in food matrices, including CaCl₂, KCl, 
MgCl₂, NH₄Cl, urea, and Zn (NO₃)₂. Each interferent 
was tested at a concentration ten times higher than that of 
TZN. For each test, the interferent solution was added to 
the TZN solution, and CV measurements were performed 
under identical conditions. The anodic peak current and 
potential of TZN in the absence and presence of each 
interferent were compared. The percentage change in peak 
potential values was calculated to assess tolerance levels.

Real sample analysis

The pract ical  appl icabi l i ty  of  the  fabr icated 
poly(diethylcarbamazine)-modified carbon paste electrode 
(poly-DECZ/MCPE) was evaluated by determining tar-
trazine (TZN) levels in a locally available soft drink sam-
ple. The sample was first degassed using ultrasonication 
for approximately 10 min to remove dissolved gases. The 
sample was then diluted by mixing 10 mL of the sample 
solution with 90 mL of 0.2 M phosphate buffer solution 
(pH 7.4) to bring the TZN concentration within the work-
ing range of the sensor. This stock solution was tested 
by adding TZN in the concentration range of 0.1–0.9 mM 
using the CV technique. The recovery percentage was 

Fig. 1   Chemical structures of DECZ (left) and TZN (right)
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calculated to assess the accuracy and reliability of this 
method.

Result and discussion

Electro polymerization of DECZ on CPE

The fabrication of the poly-DECZ-modified carbon paste 
electrode (CPE) was achieved through electro-polym-
erization via cyclic voltammetry. This process involved 
repeated potential cycling between − 0.4 V and 1.4 V at a 
scan rate of 0.1 Vs-1 in 0.2 M phosphate-buffered saline at 
pH 7.4. Polymerization was continued until a consistent 

cyclic voltammogram was obtained, as shown in Fig. 2A. 
The gradual increase in the anodic peak currents indi-
cated the development of an electroactive polymer layer 
on the BCPE surface. The thickness of the polymer coating 
was adjusted by changing the number of potential cycles 
applied to the bare CPE, which ranged from 10 to 30. Fig-
ure 2B shows that the anodic peak current response was 
Maximum at 25 cycles. Surpassing 25 cycles resulted in a 
reduction in peak currents, implying that an overly thick 
film hindered electron transfer and reduced the oxidation 
process (Teradale et al. 2024). Therefore, 25 cycles were 
chosen for the electropolymerisation of DECZ to modify 
the BCPE.

Fig. 2   A Electropolymerisation of poly-DECZ on CPE via cyclic 
voltammetry in 1.0 mM DECZ solution in 0.2 M PBS (pH 7.4) over 
25 cycles at a 0.1  Vs−1 scan rate. B Plot of the anodic peak current 
of TZN and number of polymerization cycles of DECZ on BCPE. C 
Comparative anodic peak currents of 0.1 mM TZN at the unmodified 

CPE (curve a) and poly-DECZ/MCPE (curve b) in 0.2 M PBS (pH 
7.4) at a scan rate of 0.05 Vs−1. D Cyclic voltammograms of 1.0 mM 
potassium ferrocyanide with bare CPE (curve a) and poly-DECZ/
MCPE (curve b) were recorded vs. SCE at a scan rate of 0.05 Vs.−1
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Electrochemical analysis of TZN at poly‑DECZ/MCPE:

The electrochemical behaviour of 0.1 mM TZN was exam-
ined using the CV technique at both the bare carbon paste 
electrode (BCPE) and poly-DECZ/MCPE in 0.2 M PBS at 
pH 7.4 (Fig. 2C). The BCPE (curve a) exhibited a weak oxi-
dation response for TZN, with an oxidation peak at 0.826 V 
(vs. SCE). In contrast, poly-DECZ/MCPE (curve b) displays 
a notable increase in the current response, with oxidation 
occurring at a slightly lower potential of 0.786 V (vs. SCE) 
under the same conditions. These results indicate that poly-
DECZ/MCPE facilitated the electrochemical oxidation of 
TZN.

Electrochemical behaviour of the standard 
potassium ferrocyanide system on the poly‑DECZ/
MCPE surface

A 0.1 mM potassium ferrocyanide solution in 1.0 M KCl 
was utilised to assess the electrochemical properties of the 
poly-DECZ/MCPE. The electro-oxidation of potassium fer-
rocyanide was evaluated at both BCPE (curve a) and poly-
DECZ/MCPE (curve b), as depicted in Fig. 2D. The scan 
rate for all measurements was set at 0.05 Vs−1.

The unmodified CPE exhibited relatively weak redox 
peak currents. In contrast, the poly-DECZ/MCPE exhib-
ited markedly stronger redox peak currents under identical 
experimental conditions. These results indicate significant 
changes in the surface morphology of poly-DECZ/MCPE 
and confirm its electrocatalytic properties. The Ran-
dles–Sevcik Eq. (1) was employed to calculate the total 
active surface area of the MCPE available for the reaction 
of the electroactive species in the solution (Teradale et al. 
2024). The electroactive surface area of poly-DECZ/MCPE 
was found to be 0.02436 cm2, which is larger than that of the 
unmodified CPE (0.01537 cm2).

Influence of variation in scan rate on peak current 
of TZN

This study examined the effect of scan rate variation in the 
range of 0.04–0.40 Vs−1 on the oxidation of 0.1 mM TZN 
at the poly-DECZ/MCPE interface. As shown in Fig. 3A, 
increasing the scan rate resulted in a proportional increase 
in the anodic peak current. The absence of a cathodic peak 
in the cyclic voltammograms and the shift in the oxidation 
potential of TZN to more positive values with increasing 
scan rates indicated irreversible oxidation. The dependence 
of the peak current on the square root of the scan rate (υ1/2) 

(1)Ip = 2.69 × 105 n3∕2AD1∕2Co

and scan rate (υ) is shown in Fig. 3B and C, respectively. 
The plot of υ1/2 vs. current (Ipa) yielded good linearity 
which is expressed by Eq. (2):

These results indicate that the oxidation of TZN at the 
electrode is diffusion-controlled, which is in agreement 
with previously reported observations (Karim-Nezhad et al. 
2017). The plot of υ vs. current (Ipa) yielded a graph with 
lower linearity, curved towards the x-axis, indicating the 
partial adsorption of the analyte on the sensor surface. This 
result is similar to that of a previous report (Tahtaisleyen 
et al. 2020). Based on the plot of Epa vs. log υ (Fig. 3D), 
an oxidation mechanism is proposed in Scheme 1, which 
is consistent with the previously reported mechanisms (He 
et al. 2018; Al-Refai et al. 2021; Ziyatdinova and Budnikov 
2022). The number of electrons involved in the reaction 
can be calculated using the Laviron’s equation for irrevers-
ible reactions (Moulya 2023; Al-Refai et al. 2021; Laviron 
1974). The oxidation of TZN is commonly reported to be a 
one-electron, one-proton irreversible process, although the 
apparent electron transfer number may vary depending on 
the electrode surface properties and catalytic effects.

Influence of pH variation on TZN oxidation

The pH of an aqueous solution significantly influences its 
electrochemical behaviour, particularly affecting the peak 
potential and peak current. The effect of pH ranging from 
5.5 to 8.0 on the electro-oxidation of 0.1 mM TZN at the 
poly-DECZ/MCPE was examined through cyclic voltamme-
try (Fig. 4A). An increase in the peak current was observed 
in the pH range of 5.5–6.5, and with a further increase in pH 
from 6.5 to 8.0, a gradual decrease in the peak current was 
observed. An increase in pH resulted in a negative shift in 
the peak potential, as illustrated in Fig. 4A, indicating the 
association of protons with the oxidation process of TZN 
(Teradale et al. 2024; Karim-Nezhad et al.2017). A linear 
relationship (Fig. 4B) was observed between Epa and pH, 
as expressed in Eq. (3).

Effect of TZN concentration on poly‑DECZ/MCPE

The electrocatalytic oxidation of TZN at the poly DECZ/
MCPE electrode was investigated using differential pulse 
voltammetry (DPV). TZN concentrations were varied 
in the range of 0.05–0.5 mM at a solution pH of 7.4. A 
progressive increase in the anodic peak current (Ipa) was 

(2)Ipa,TZN (�A) = 19.29 �1∕2 − 1.5119 (r2 = 0.9974)

(3)Epa (V) = 1.136 − 0.03407(pH)
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Fig. 3	    A The CV curves for 0.1  mM TZN at poly-DECZ/MCPE at different scan rates (a-j; 0.04  Vs−1to 0.40  Vs−1at an increment of 
0.04 Vs−1). B Plot of Ipa versus υ1/2 for the TZN. C Plot of Ipa versus υ for the TZN. D Plot of Epa versus log υ

Scheme 1   Proposed electro-
oxidation mechanism of TZN in 
poly-DECZ/MCPE
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Fig. 4   A Cyclic voltammograms of TZN at the poly-DECZ/MCPE in 0.2 M PBS across varying pH levels (a-f: 5.5–8.0; a- 5.5, b-6.0, c-6.5, 
d-7.0, e-7.5, f-8.0) at a scan rate of 0.05 Vs−1. B Plot of anodic peak potential (Epa) as a function of pH

Fig. 5   A Differential pulse voltammograms (DPV) showing the effect of increasing TZN concentration (a = 0.05 mM to j = 0.5 mM) on the peak 
current. B Calibration plot of the anodic peak current (Ipa) as a function of TZN concentration
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observed with an increase in TZN concentration (Fig. 5A). 
A linear correlation (r2 = 0.94291) between Ipa and TZN 
concentration was established, as illustrated in Fig. 5B, 
yielding regression Eq. (4). It should be noted that the 
relatively high intercept observed in the linear regression 
(Eq. 4) arises from the non-faradaic or background current 
contributions introduced by surface polymer modification. 
Despite this, the bare carbon paste electrode (CPE) inher-
ently provides a low background current compared with 
other electrode materials, which remains an advantage for 
sensitive electrochemical measurements.

The limit of detection (LOD) and limit of quantifica-
tion (LOQ) values were determined to be 0.17 µM and 
0.567 µM, respectively, for TZN at poly-DECZ/MCPE sur-
face. A comparative analysis of the LOD values for TZN 
on the different modified electrode surfaces is presented 
in Table 1

Interference study

The effect of the coexisting species on the electrochemi-
cal detection of TZN was systematically investigated, as 
described in Sect. "Interference study". It has been observed 
that the peak potential values of TZN remained consistent 
(Table 2) despite the presence of the interfering species. 
The peak current values for 0.1 mM TZN in the presence 
of different interferents are summarised in Fig. 6. Although 
the peak potential remained unaffected by interfering spe-
cies (Table 2), the anodic peak current increased notably 
in some cases (Figs. 6 and 7). This may be due to ionic 
strength effects or the enhanced conductivity at the electrode 
surface. Importantly, this did not significantly compromise 

(4)Ipa
(

10−6A
)

= 2.2829 × 10−6(Co �M∕L) + 2.0252

Table 1   LOD values for TZN 
at different electrode surfaces 
using different classical 
methods

The bold signifies highlighting the present work

Modified electrode LOD(µM) Technique Citation

IL/AuTiO2/GO/CPE 0.33 DPV Georgescu et al. 2022
PTH/MWCNT 0.30 SWV Al-Refai et al. 2021
CBPCE 0.02 LSV Lipskikhet al. 2020
CHIT/GO/MWCNTs/AuNPs/GCE 1.45 CV Rovina et al. 2019
(PEDOT@TbHCF) 0.03 DPV Sakthivel et al. 2018
g-C3N4/graphite pencil electrode 0.21 DPV Karimi et al. 2018
MWCNT/Pyrolyte/Graphite electrode 0.5 CV Song et al. 2012
Cu/Fe/NiO/MCPE 0.01 CV Kumari et al. 2024
ZnO/Cysteic acid/GCE 0.01 DPV Dorraji and Jalali 2017
GO/MWCNT electrode 0.01 CV Qiu et al. 2016
β-CD-PDDA-Gr GCE 0.014 DPV Yeet al. 2013
PLA-ERGO/GCE 0.25 DPV Wang 2020
poly-DECZ/MCPE 0.17 DPV Present work

Table 2   Effect of different interfering molecules on TZN signals

Interferents Concentration (mM) Signal change 
(%) (ΔEpa)

Calcium chloride 1.0 0.0%
Potassium chloride 1.0 0.48%
Magnesium chloride 1.0 0.38%
Ammonium chloride 1.0 0.29%
Urea 1.0 0.18%
Zinc Nitrate 1.0 0.29%
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the quantification in real samples, as evidenced by the high 
recovery rates (Table 3).

Real sample analysis

TZN levels in a soft drink sample were measured using the 
standard addition method, as described in Sect. "Real sam-
ple analysis". Table 3 presents the findings of this study. 
The accuracy of the method was evaluated via a recovery 
test in which known quantities of tartrazine were added to 

the samples. The recovery rates, which ranged from 99.8 to 
103%, confirmed the reliability of this method.

Conclusion

In this study, we developed and evaluated a novel elec-
trochemical sensor based on a polydiethylcarbamazine-
modified carbon-paste electrode (poly-DECZ/MCPE) for 

Fig. 6   Variation in Ipa with interfering ions in comparison with the blank
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the detection of tartrazine (TZN) at a physiological pH 
of 7.4. The sensor exhibited electrocatalytic activity with 
an improved peak current response and reduced oxidation 
potential compared to the bare electrode. The electrochemi-
cal oxidation of TZN is affected by crucial factors such as 
pH, TZN concentration, and scan rate. The oxidation process 

was found to be irreversible and primarily diffusion-con-
trolled, with partial adsorption characteristics. Differential 
pulse voltammetry (DPV) revealed a low limit of detection 
(LOD) of 0.17 µM and a limit of quantification (LOQ) of 
0.567 µM, underscoring the sensor’s high sensitivity.

The sensor demonstrated strong selectivity and main-
tained consistent electrochemical responses even in the pres-
ence of common interfering species at tenfold concentra-
tions. Real sample analysis in commercial soft drink yielded 
high recovery rates (99.8–103%), confirming the method’s 
accuracy and practical applicability. Furthermore, the elec-
trode fabrication process is straightforward, cost-effective, 
and reproducible, making it suitable for the routine monitor-
ing of synthetic dyes in food matrices.

Overall, the poly-DECZ/MCPE sensor offers a promising, 
low-cost, and efficient platform for selective detection of 
tartrazine in real-world samples, with potential applications 
in food safety regulation, quality control, and environmental 

Fig. 7   Cyclic voltammograms of a TZN in the absence of interferents, b TZN in the presence of Zn(NO3)2, and c TZN in the presence of urea

Table 3   Determination of TZN content in soft drink samples

Sample TZN 
added 
(mM)

Detected 
(mM)

Recovery 
(%)

SD ± RSD (%)

Soft drink 0.1 0.103 103 0.0022 ± 0.0015
0.3 0.303 101 0.0212 ± 0.0151
0.5 0.499 99.8 0.0070 ± 0.0050
0.7 0.712 101.6 0.0819 ± 0.0585
0.9 0.904 100.4 0.0311 ± 0.0222
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monitoring. Furthermore, this work keeps the futuristic 
scope open, wherein diethylcarbamazine can be tested to 
develop electrochemical sensors to detect multiple analytes.
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