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Zinc oxide nanoparticles (ZnO NPs) and p-aminobenzenesulfonic acid (p-ABSA) were used to

fabricate a modified electrode, as a highly sensitive and selective voltammetric sensor, for

the determination of tartrazine. A fast and easy method for the fabrication of poly p-ABSA

(Pp-ABSA)/ZnO NPs-carbon paste electrode (Pp-ABSA/ZnO NPs-CPE) by cyclic voltammetry

was used. By combining the benefits of Pp-ABSA, ZnO NPs, and CPE, the resulted modified

electrode exhibited outstanding electrocatalytic activity in terms of tartrazine oxidation by

giving much higher peak currents than those obtained for the unmodified CPE and also

other constructed electrodes. The effects of various experimental parameters on the vol-

tammetric response of tartrazine were investigated. At the optimum conditions, the sensor

has a linear response in the concentration range of 0349e5.44 mM, a good detection sensi-

tivity (2.2034 mA/mM), and a detection limit of 80 nM of tartrazine. The proposed electrode

was used for the determination of tartrazine in soft drinks with satisfactory results.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Food additives are commonly used in processed foodstuffs to

improve appearance, flavor, taste, color, texture, nutritive

value, and preservation. Synthetic colorants, comparedwith to

natural dyestuffs, has been extensively used in food industries

in the past four decades because of their higher brightness,

more stability, cheapness, and the wider range of shades [1,2].
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Generally, synthetic dyes contain azo (N¼N) functional

groups and aromatic ring structures; therefore, they are

harmful to human health [3]. Thus, each synthetic food

colorant has been evaluated by the Food and Agricultural

Organization andWorld Health Organization [4]. Tartrazine is

one of these azo colorants that may be present in common

food products, which can cause allergies, migraines, eczema,

anxiety, diarrhea, and even cancer if they are excessively
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consumed [5,6]. Facing with increasing legal restrictions, food

dye determination has become an analytical challenge. Until

now, several methods, such as spectrophotometry [7,8], high

performance liquid chromatography (HPLC) [9,10], and capil-

lary electrophoresis [11], have been used for the single or

simultaneous determination of tartrazine. On the other hand,

electrochemical techniques has obtained much attention and

exhibited promising application in food safety analysis due to

its portability, excellent sensitivity, automation, short anal-

ysis time, low power consumption, and inexpensive equip-

ment [12e18]. Till date, different electrodes have been

developed for the single or simultaneous electrochemical

determination of different food colorants [19e30].

Carbon electrodes are widely used in electroanalysis due to

their low background current, wide potential window, chem-

ical inertness, low cost, and suitability for various sensing and

detection applications. Among carbon electrodes, carbon

paste electrode (CPE) has a particular importance. The ease

and speed of preparation and obtaining a new reproducible

surface, very low background current (compared with

graphite electrode), low cost, feasibility to incorporate

different substances during the paste preparation, and porous

surface are some advantages of CPEs over all other carbon

electrodes [31]. Therefore, over the past years, CPEs containing

various modifiers have been prepared and applied in the

determination of different analytes.

The key point to obtain a good and reliable electrochemical

sensor is the kind of materials that constitute the detection

platform. In this field, the synergy between electrochemical

sensors technology and nanomaterials is expecting to bring

interesting advantages in the field of new electrochemical

transducing platforms beside their use as electrochemical

labels or tags for signal enhancement [32]. Sensors based on

nanostructured materials take advantages of the increased

electrode surface area, increased mass-transport rate, and

fast electron transfer compared with electrodes based on bulk

materials [32,33]. In addition to novel properties, nano-

materials open up new approaches to fabricate the electrodes

cost effectively by minimizing the needed materials and

waste generation [34].

Metal oxide nanoparticles have received much attention

recently. Various examples of the electrochemical applica-

tions are the modification of electrodes with metal oxide

nanoparticles in order to develop electrochemical sensors.

Among the different metal oxide nanoparticles, zinc oxide

(ZnO) is an attractive semiconductor, with a wide band gap

(3.37 eV). ZnO has a large excitonic energy, low-cost synthe-

sis, biocompatibility, good electrochemical activities, non-

toxicity, high-electron communication features, and high

mechanical strength [35]. Nanostructured ZnO has been used

previously for the fabrication of different sensors and bio-

sensors [35,36].

On the other hand, polymer-modified electrodes have

obtained important attention among the researchers for

sensor and biosensor applications because polymeric

films have good stability and reproducibility. Electro-

polymerization is a good method to prepare polymer-

modified electrodes as adjusting electrochemical parame-

ters can control film thickness, permeation, and charge

transport characteristics.
In this study,we have combined the advantageous features

of polymer modification, metal oxide nanoparticles, and car-

bon paste technology with the aim of electrocatalytic oxida-

tion of tartrazine using poly (p-aminobenzenesulfonic acid)

(Pp-ABSA) as a polymer, but with some changes in the carbon

paste preparation. The performance of the developed elec-

trode was studied by cyclic voltammetry, and close surface

examination was made by scanning electron microscopy

(SEM). The fabricated modified electrode facilitated the elec-

tron transfer for tartrazine, resulting in the increase of

oxidation signals. The performance of the fabricated electrode

in tartrazine electroanalysis with respect to sensitivity,

selectivity, and linear concentration range was evaluated and

discussed. The applicability of the electrode was demon-

strated by determining tartrazine in processed soft drinks.
2. Experimental

2.1. Apparatus

Electrochemical measurements were performed on an

AUTOLAB modular electrochemical system (ECO Chemie,

Utrecht, The Netherlands) equipped with a PGSTAT 12module

and driven by general purpose electrochemical system soft-

ware (GPES version 4.9) in conjunction with a conventional

three-electrode system and a personal computer for data

storage and processing. A bare or modified CPE as the working

electrode, Ag/AgCl electrode as the reference electrode, and a

platinumwire as the auxiliary electrode, were employed in the

measurements. SEM images were recorded with KYKY-EM-

3200 SEM system (China) at an accelerating voltage of 25 kV.

2.2. Reagents

2.2.1. Chemicals and reagents
Tartrazine was purchased from Aldrich (Canada), and dis-

solved in water to prepare the standard solution. Desired

concentrations were obtained by diluting the standard solu-

tion with double distilled water. ZnO nanoparticles (ZnO NPs)

were synthesized using solidevapor phase thermal sublima-

tion techniques. All other chemicals were of analytical grade

and used directly. Double distilled water was used throughout

the preparation of solutions.

2.2.2. Preparation of modified electrode
First, the ZnO NPs-CPE was prepared by hand mixing 65%

graphite powder, 5% ZnO NPs, and 30% paraffin oil in an agate

mortar to get a homogeneous carbon paste. Next, the paste

was packed in the end of a plastic syringe (2 mm in diameter).

A copper wire inserted into the carbon paste provided an

electrical contact. The polymer film-modified ZnO NPs-CPE

was fabricated by cyclic voltammetry in the potential range

e0.6 to þ1.8 V at a sweep rate of 100 mV/s in 0.1 M phosphate

buffer solution (PBS) pH 7.0 containing 2 mM p-ABSA in the

presence of 0.5 M KCl for 15 cycles [37]. The obtained modified

electrode (Pp-ABSA/ZnO NPs-CPE) was washed with double

distilled water to remove the physically adsorbed material.

Stepwise electrodes were also prepared with the same pro-

cedures described above for comparison purposes.
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3. Results and Discussion

3.1. Characterization of ZnO NPs

Nanoscale ZnO NPs were characterized by SEM and trans-

mission electron microscopy (TEM). Figure 1A shows a typical

image of the nanoscale ZnO NPs synthesized via solidevapor

phase thermal sublimation method. It can be observed that it

appears to have a rod-like shape with spherical end, with

average diameter of 20 nm and length of 10e30 nm, and weak

agglomeration can be seen. Figure 1B displays TEM image of

nanoscale ZnO NPs. The result shows that the nanoparticles

are in the same sizes as shown in the SEM image.

3.2. Surface morphologies of prepared CPEs

SEM technique was utilized to characterize the surface mor-

phologies of the fabricated sensors. The unmodified CPE was

characterized by a surface formed by irregularly shaped flakes

of graphite that were isolated, and a closer look of the film

revealed a broken surface (Figure 2A). SEM images of the

separate and consolidated modifiers are also shown (Figures

2BeD). The modification of CPE with Pp-ABSA and ZnO NPs

is clear. The whole assembly on electrode surface (Pp-ABSA/

ZnO NPs-CPE) is shown in Figure 2D. From Figure 2D, it is

evident that significant improvement in the surface structure

was observed.

3.3. Electrochemical response of modified electrode to
Tartrazine

The cyclic voltammograms for different electrodes in the

presence of tartrazine at pH 3.0 were investigated in the po-

tential range 0.85e1.200 V versus Ag/AgCl (Figure 3). An irre-

versible oxidation peak was observed at all four kinds of

electrodes, in agreement with previous reports [24]. At the bare

CPE (curve a), a weak and broad oxidation peakwas observed at

about 1.1 V. However, the oxidation current of tartrazine on

ZnO NPs-CPE (curve b) and Pp-ABSA/CPE (curve c) was higher

than that of bare CPE, indicating the catalytic activity toward

tartrazine oxidation. The step-by-step improvement of peak

currents demonstrates the synergistic effect of all two
Figure 1 e (A) Scanning electron microscopy image of zinc oxide

of zinc oxide nanoparticles.
ingredients of the modified electrode. A significant enhance-

ment in the anodic current (4.8-fold) was achieved at the Pp-

ABSA/ZnO NPs-CPE (curve d) with potential shift, which illus-

trated that the modified electrode possessed the highest elec-

trocatalytic activity. Increasing the anodic peak current in

conjunctionwith the sharpness of the peak, which is related to

a decrease in the overpotential of the process at the surface of

the modified electrode, revealed that the modified electrode

could act as an effective promoter to enhance the kinetics of

the electrochemical process. The resultsmay be ascribed to the

high conductivity, good antifouling property, fast electron

transfer rate, and high electrochemical activity of the ZnO NPs

and Pp-ABSA. Consequently, the corresponding oxidation peak

current of tartrazine on the modified electrode increased

greatly.

The differential pulse voltammograms (DPVs) for tar-

trazine at all four kinds of electrodes were also recorded

(Figure 4). As Figure 4 shows, the DPV for 1.49 mM of tartrazine

at the unmodified CPE showed a small anodic peak in the

potential range 0.85e1.10 V versus Ag/AgCl (Figure 4, curve a).

In order to investigate the effect of modifiers on the voltam-

mograms, DPVs for tartrazine at the electrode modified with

ZnO NPs and also at the electrode modified with p-ABSA were

obtained (Figure 4, curves b and c, respectively). As seen in

Figure 4 (curves b and c), ZnO NPs increased the surface of the

electrode, resulting in an enhancement in the electrochemical

properties of the electrode, and the polymer provided a good

surface for electron transfer. As a result of synergistic effect

from both the above factors, the response of Pp-ABSA/ZnO

NPs-modified CPE increased, and the sensor exhibited excel-

lent electrocatalytic activity and voltammetric performance to

the oxidation of tartrazine. This result illustrates that the Pp-

ABSA/ZnO NPs-CPE could present a favorable activity to-

wards the oxidation of tartrazine, suggesting that this elec-

trode will be an excellent sensor for tartrazine determination.

3.4. Optimization of the experimental variables for
electrocatalytic oxidation

3.4.1. Effect of amount of ZnO NPs on the electrooxidation of
Tartrazine
The effect of the amount of ZnO NPs to be employed as a

modifier in the carbon paste was first studied by varying it in
nanoparticles; (B) transmission electron microscopy image

http://dx.doi.org/10.1016/j.jfda.2016.10.002
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Figure 2 e Scanning electron microscopy images of (A) bare CPE, (B) ZnO NPs-CPE, (C) Pp-ABSA/CPE, and (D) Pp-ABSA/ZnO

NPs-CPE. CPE¼ carbon paste electrode; Pp-ABSA/CPE¼ poly (p-aminobenzenesulfonic acid)/carbon paste electrode; Pp-

ABSA/ZnO NPs-CPE¼ poly (p-aminobenzenesulfonic acid)/zinc oxide nanoparticles carbon paste electrode; ZnO NPs-

CPE¼ zinc oxide nanoparticles carbon paste electrode.
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the range of 1e10% with respect to graphite powder. It was

observed that the oxidation peak current of tartrazine

increased with the increase in percentage up to 5% beyond

which saturation in the anodic peak current occurred

(Figure 5). As a result, 5% of ZnO NPs was selected as the op-

timum amount for preparation of Pp-ABSA/ZnO NPs-CPE.

3.4.2. Effect of electropolymerization cycles
Electropolymerization cycle is another important factor

affecting the performance of Pp-ABSA/ZnO NPs-CPE toward

the oxidation current of tartrazine. Figure 6 shows the effect

of electro-polymerization cycles on the current response of

5.98 mM tartrazine. The oxidation current increased dramat-

ically with the polymerization cycles increasing from 5 to 15

cycles and decreased after 15 cycles. The reason may be

associated with the increase in the thickness of polymeric

film resulted in the obstruction of electron transfer on the

electrode surface. Therefore, 15 electropolymerization cycles

were selected in the following investigation.

3.4.3. Influence of supporting electrolyte and solution pH
value
It is well known that the type of supporting electrolyte and the

pH value of solution are two important parameters in an

electrochemical reaction. Three types of supporting electro-

lytes, acetate buffer solution, BrittoneRobinson buffer
solution, and PBS, have been chosen for use in this study. The

results of our tests showed that a more sensitive peak current

with respect to tartrazine oxidation was obtained in PBS (data

not shown). Thus, PBS was chosen for all the experiments.

The effect of the pH value of solution on the electro-

chemical oxidation of 6.95 mM tartrazine was also checked in

the range of 2.0e9.0 in PBS, as shown in Figure 7. It can be seen

that the peak current of tartrazine oxidation is obviously

influenced by the pH value. The maximum peak current

appeared at pH 3.0. Therefore, pH 3.0 PBS was selected as the

optimal buffer pH. As shown in Figure 7, the oxidation peak

potential shifted toward less positive with the increase in so-

lution pH, indicating that protons are involved in the oxidation

of tartrazine. A good linear relationship between peak poten-

tial (Ep) and pH was constructed with the linear regression

equation as Ep (V)¼�0.0401 pH þ 1.2222 (R2 ¼ 0.9885). The

slope value of �0.0401 V/pH was close to the theoretical value

of �0.059 V/pH, indicating that an equal number of protons

and electrons occurred in electrode reaction.

3.4.4. Effect of scan rate
Performing the voltammograms under different scan rates

(Figure 8A) shows that thepeak current of the tartrazineoxidation

(6.95 mM) is linearly proportional to the square root of the scan

ratewithin the range 20e200mV/s, suggesting that the tartrazine

oxidation follows a diffusion-controlled mechanism (Figure 8B).

http://dx.doi.org/10.1016/j.jfda.2016.10.002
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Figure 3 e Cyclic voltammogram responses (I-E) in

phosphate buffer solution (PBS; 0.1 M, pH 3.0) and 5.98 mM

tartrazine on (a) unmodified CPE, (b) ZnO NPs-CPE, (c) Pp-

ABSA/CPE, and (d) Pp-ABSA/ZnO NPs-CPE. Scan

rate¼ 100 mV/s. CPE¼ carbon paste electrode; Pp-ABSA/

CPE¼ poly (p-aminobenzenesulfonic acid)/carbon paste

electrode; Pp-ABSA/ZnO NPs-CPE¼ poly (p-

aminobenzenesulfonic acid)/zinc oxide nanoparticles

carbon paste electrode; ZnO NPs-CPE¼ zinc oxide

nanoparticles carbon paste electrode.
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Figure 4 e Differential pulse voltammogram curves (I-E) of

1.49 mM tartrazine on (a) unmodified CPE, (b) ZnO NPs-CPE,

(c) Pp-ABSA/CPE, and (d) Pp-ABSA/ZnO NPs-CPE. Scan

rate¼ 20 mV/s. CPE¼ carbon paste electrode; Pp-ABSA/

CPE¼ poly (p-aminobenzenesulfonic acid)/carbon paste

electrode; Pp-ABSA/ZnO NPs-CPE¼ poly (p-

aminobenzenesulfonic acid)/zinc oxide nanoparticles

carbon paste electrode; ZnO NPs-CPE¼ zinc oxide

nanoparticles carbon paste electrode.

Figure 5 e Differential pulse voltammograms of 5.9 mM

tartrazine on the surface of modified electrode with various

amounts of zinc oxide nanoparticles (ZnO NPs); (inset)

corresponding curve of peak current versus amount of ZnO

NPs.
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For a diffusion-controlled irreversible anodic reaction, the

peak potential, Ep, could be presented by the equation as fol-

lows [38]:

Ep¼ b/2 log (v) þ K

where v is the scan rate, b is the Tafel slope, and K is a con-

stant value. The plot of Ep versus log (v) was drawn (Figure 8C),

and the slope of this plot is 51.5 mV; therefore, the Tafel slope

becomes 103mV/decade. By considering that a equals 0.43, the

results indeed suggest one-electron (na¼ 1.15 ~¼ 1) transfer

process in the rate-determining step for the electrocatalytic

oxidation of tartrazine.

On the basis of foregoing results in Section 3.4.3 (number of

electrons and protons involved in the oxidation of tartrazine

were equal), the electrooxidation of tartrazine on Pp-ABSA/

ZnO NPs-CPE was one-electron, one-proton transfer process,

in agreement with the previous report [24].
Figure 6 e Curve of peak current versus number of

polymerization cycles. Supporting electrolyte is phosphate

buffer solution of pH 3.0. Potential scan rate is 100 mV/s.

http://dx.doi.org/10.1016/j.jfda.2016.10.002
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Figure 7 e Plots of peak potential (:) and peak current (�)
against solution pH from cyclic voltammetric study of

tartrazine at poly (p-aminobenzenesulfonic acid)/ zinc

oxide nanoparticles carbon paste electrode (Pp-ABSA/ZnO

NPs-CPE).

Figure 9 e (A) The differential pulse voltammogram

responses of 0.1 M phosphate buffer solution (pH 3.0) with

increasing tartrazine concentration on the poly (p-

aminobenzensulfonic acid)/zinc oxide nanoparticles

carbon paste electrode (Pp-ABSA/ZnO NPs-CPE); (B) the

concentration calibration curve for tartrazine (TT).
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3.5. Calibration curve

Under the optimized experimental conditions, the calibration

curve for tartrazine at the Pp-ABSA/ZnO NPs-CPE was char-

acterized by differential pulse voltammetry. Figure 9A shows

DPVs of various concentrations of tartrazine in phosphate

buffer (0.1 M, pH 3.0) on Pp-ABSA/ZnO NPs-CPE. The oxidation

peak current of tartrazine increased with increasing concen-

tration of tartrazine. The plot of peak current versus tartrazine

concentration had two linear segments corresponding to two

concentration ranges of tartrazine (0.0349e1.246 mM and
Figure 8 e (A) Cyclic voltammogram responses of 0.1 phosphate

(p-aminobenzenesulfonic acid)/zinc oxide nanoparticles carbon

rates (20e200 mV/s); (B) plots of the anodic peak current versus

between the peak potential and the logarithm of scan rate (log
1.246e5.44 mM), with different slopes (slopes 2.20 for the first

and 1.21 for the second linear segments). The decrease of

sensitivity (slope) in the second linear range (Figure 9B) was
buffer solution (pH 3.0) with 6.95 mM tartrazine on the poly

paste electrode (Pp-ABSA/ZnO NPs-CPE) at various scan

the square root of scan rate (v1/2); and (C) relationships

v).

http://dx.doi.org/10.1016/j.jfda.2016.10.002
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Table 1 e Comparison of the efficiency of some modified
electrodes used in the electrocatalysis of tartrazine.

Electrode Detection
limit (nM)

Reference

Gr-TiO2/CPE 8.0 [19]

b-CD-PDDA-Gr/GC-RDE 14.3 [20]

Gr-phosphotungstic acid/GCE 56 [21]

Carbon nanotube/GCE 188 [22]

Acetylene black/GCE 187 [23]

Gold nanoparticles/CPE 2.0 [24]

Alumina microfibers/CPE 2.0 [25]

Gr-Ni nanoparticles/GCE 2.16 [26]

MIP /GCE 1.0 [27]

MWCNTseIL/CCE 110 [28]

cathodically pretreated boron-doped

diamond electrode

62 [29]

MIP-MWNTs-IL@PtNPs/GCE 8.0 [30]

Pp-ABSA/ZnO NPs-CPE 80 This work

Gr-TiO2/CPE ¼ graphene and mesoporous TiO2/carbon paste elec-

trode; b-CD-PDDA-Gr/GC-RDE ¼ b-cyclodextrin coated poly (dia-

llyldimethylammonium chloride)- functionalized graphene/glassy

carbon-rotating disk electrode; Gr¼ graphene; GCE ¼ glassy carbon

electrode; CPE ¼ carbon paste electrode; MIP ¼ molecularly

imprinted polymer; MWCNT-IL ¼ multiwalled carbon nanotubes-

ionic liquid; MIP-MWNTs-IL@PtNPs ¼ molecularly imprinted poly-

mer-multiwalled carbon nanotubes - ionic liquid supported Pt

nanoparticles.
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likely to be due to kinetic limitations. Limit of detection was

calculated as 80 nM± 0.2 (signal to noise¼ 3).

The analytical performances of the proposed electrode and

other electrodes for the detection of tartrazine are compared

and listed in Table 1. Although, a wider linear dynamic and a

lower detection limit in most cases was observed ratio to the

proposed method. But, the fabricated electrode showed ad-

vantages, including high sensitivity, simple modification

process, very easy surface update, and good stability. Addi-

tionally, the method can be performed using inexpensive

equipment in a relatively short time.
3.6. Interference studies

One of the most important problems in practical applications

of sensors is the effect of interfering species possibly pre-

sent in real samples. The influence of various potentially
Table 2 e Determination of tartrazine in soft drink samples.

Sample Pp-ABSA/ZnO NPs-CPE

Added
(mM)

Expected
(mM)

Found
(mM)

R

Orange powder e 0.045

1 1.045 1.115

2 3.045 2.985

Coolak drink e 0.053

1 1.053 1.103

2 3.053 3.09

CPE¼ carbon paste electrode; HPLC¼high performance liquid chromatog

acid); ZnO¼ zinc oxide.
interfering substances with the determination of tartrazine

(1.99 mM) was studied under the optimum conditions at pH 3.0

using DPV. The tolerance limit was defined as the maximum

concentration of the interfering substance that caused an

error of less than ±5% for the determination of tartrazine. It

was found that 1000-fold Cu2þ, Fe2þ, sucrose, glucose, glycine,
and ascorbic acid and 50-fold sunset yellow and quinolone

yellow had no effect on the detection of tartrazine.

In addition, the results also showed that NH4
þ, Zn2þ, Mn2þ,

Mg2þ,Ca2þ, Fe3þ, Naþ, Cle, Zn2þ, SO4
2e, Kþ, Mg2þ, NO3

� (each for

5.0� 10e2M) have no effect on the determination of tartrazine.

From these results, it may be concluded that the method is

free from interference by most foreign substances. In view of

its inherent selectivity combined with its great operational

stability, the proposed sensor shows promising properties for

use in real samples with minimal sample preparation.

3.7. Reproducibility and stability of modified electrode

The storage stability and reproducibility of Pp-ABSA/ZnO NPs-

CPE were investigated. After 2 weeks storage in dry state at

ambient conditions, 94.3% of the initial current signal was

retained, indicating that the prepared electrode had accept-

able long-term stability.

Five Pp-ABSA/ZnO NPs-CPEs, prepared with the same fabri-

cation procedures, were used for the determination of 1.246 mM

tartrazine. The reproducibility, expressed as relative standard

deviation (RSD%), was 4.8%. For 10 successivemeasurements of

tartrazine (1.246 mM) with the same electrode, RSD%was 2.55%,

which shows good repeatability of the method. The excellent

long-termstability and reproducibility of thePp-ABSA/ZnONPs-

CPEs,makethemattractive inthefieldofanalyticalapplications.

3.8. Real sample analysis

In order to illustrate the application of suggested sensor in real

samples analysis, it was employed to detect tartrazine in

several processed food stuffs, such as soft drinks and orange

powder, produced in Iran. The contents were determined

using the standard addition method (Table 2). Five replicate

measurements were performed, and satisfactory results were

obtained. To test the accuracy of this sensor, the content of

tartrazine was also analyzed using HPLC. The results obtained

by HPLC and this sensor were in good agreement, revealing

that this sensor is satisfactory. In addition, known amounts of
HPLC

ecovery (%) Expected
(mM)

Found
(mM)

Recovery (%)

0.047

106.7 1.047 1.08 103.1

98.0 3.047 3.02 99.11

0.056

104.7 1.056 1.09 103.2

101.2 3.056 3.07 100.4

raphy; NPs¼ nanoparticles; Pp-ABSA¼ poly (p-aminobenzenesulfonic
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tartrazine were spiked in the samples, and subsequently

analyzed according to the same procedure. The value of re-

covery was higher than 98%, indicating that the fabricated

sensor represents a good and easy way for monitoring tar-

trazine in real samples.
4. Conclusion

This work demonstrates that new modified CPE fabricated

from polymer/ZnO NPs by cyclic voltammetry, which takes

only several minutes, can be used for the quantification of

tartrazine in different real samples. The construction method

was simpler and less time consuming than our previously

reported method. By combining the benefits of polymer/ZnO

NPs and CPE, the resulted modified electrode exhibited

excellent electrocatalytic activity and voltammetric perfor-

mance to the oxidation of tartrazine. The sensor was char-

acterized by a relatively fast response, long-term and

responsive potential stability, and was successfully applied to

the selective determination of tartrazine in different real

samples.
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