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Abstract

In this paper, a poly (glycine) modified carbon paste electrode (PGMCPE) for

sensitive determination of Tartrazine (Tz) was developed. The electrochemical

behaviors of Tz at the PGMCPE were investigated by cyclic voltammetry,

differential voltammetry and the results showed that the polymer film on electrode

exhibited excellent electrocatalytic activity for the electrochemical oxidation of Tz

in phosphate buffer solution, pH 7 (PBS). The influencing factors containing a

supporting electrolyte, pH of the solution, deposition potential, amount of Tz and

scan rate were investigated. The sensor exhibited two linear behavior in the range

of 1 � 10�6 to 2.7 � 10�5 mol L�1 and 3.5 � 10�5 to 8.7 � 10�5 mol L�1 for Tz

(correlation coefficients: 0.991 and 0.995 respectively) with detection limit (LOD)

of 2.83 � 10�7 mol L�1, limit of quantification (LOQ) 9.4 � 10�7 mol L�1 and

detection sensitivity (2.0452 mA/mM), for Tz. The results show that the biosensor is

sensitive and useful for the determination of Tz.

Keywords: Electrochemistry, Analytical chemistry, Food analysis

1. Introduction

Tartrazine is one of the most common colorants used in a wide range of foods prod-

ucts. Today, it is a typical added substance found in sustenances, drinks,
.e00986
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medications, nutrient enhancements, beauty care products, toiletries, and other non-

nourishment items [1]. Usually colorants have the maximum limit allowed is

200e500 parts per million with few exception of lower limits selected types of

foods. Tartrazine regularly causes unfriendly responses, for example, intermittent ur-

ticaria, angioedema, and asthma and is as often as possible embroiled in conduct is-

sues [2]. The most well-known side effects connected with tartrazine affectability are

urticaria and asthma [3] but, like with any food or chemical, symptoms are very in-

dividual specific. Synthesised colorants usually contain azo compounds are hurtful

to human wellbeing. Consequently, the controlled utilize and the exact examination

of their substance in items are essential [4].

Few methods proposed for detection and determination of Tz in foods like Stopped-

flow kinetic analysis [5], voltammetric analysis [6, 7], visible spectrophotometry [8]

thin-layer chromatography [9, 10], capillary electrophoresis [11, 12, 13], superior

high-performance liquid chromatography [14, 15, 16, 17, 18] in biological samples.

These published methods are known to utilize risky solvents, invest long examina-

tion energy, and sometimes it is important to make sample pretreatments. Then

again, the combination of simple methodologies, like cyclic voltammetric strategies

with polymer modified electrodes, represents a quick, simple and modest methodol-

ogy for the determination of Tz.

To date, the ability to identify Tz with high sensitivity is as yet a noteworthy focus of

electroanalytical research. The significant issue of estimating Tz is the very low con-

centration (micromolar and nanomolar) and the huge abundances of interfering sub-

stances. In order to resolve this issue, chemically modified electrodes have been

produced for enhancing the sensitivity and selectivity [19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32]. These modified electrodes decrease the oxidative over

the potential for some biomolecules, thus increasing the resolution of the biomole-

cules oxidation signal. As of late, polymer electrodes, as a result of their stability

and high catalytic ability [29, 30, 31, 32, 33], have formed one of the slanting fields

of research.

Electropolymerization is one of the cheap but powerful methods focusing on selec-

tive modification of various types of electrodes with desired matrices. Numerous

polymers have mostly been utilized in the improvement of biosensors [29, 30].

Poly (glycine) film has excellent stability, better reproducibility, large active sites,

homogeneity in electrochemical deposition and firm adherence to the modified elec-

trode surface.

We report a novel, basic, exact and sensitive cyclic voltammetric method utilizing a

polymer modified carbon paste electrode for the determination of Tz was reported.

The technique was applied effectively to Tz in the real sample. The work was carried

out to provide a low capital cost, economical.
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2. Materials and methods

2.1. Reagents

Tz, Silicone oil, disodium phosphate, monosodium phosphate, and Glycine were ob-

tained from Himedia chemicals, Bangalore, India and were used as received. The

preparation of aqueous solution was done with double distilled deionized water.

The stock solution of Tz (25 � 10�4 M), Glycine (25 � 10�3 M) were in the double

distilled water. Phosphate buffer solution was prepared by mixing the suitable

amount of 0.2 M monosodium phosphate and 0.2 M disodium phosphate.
2.2. Apparatus

Cyclic voltammetry experiments were performed in analytical systems model EA-

201 Chemilink system. A conventional three-electrode system was used with a car-

bon paste electrode (3 mm diameter CPE), a KCl-saturated calomel reference elec-

trode (SCE), and a platinum electrode as a counter electrode.
2.3. Preparation of bare carbon paste electrode

The BCPE (bare carbon paste electrode) was prepared by mixing in Graphite powder

(150Mesh) and silicone oil in a ratio of 70:30 %w/w [33]. The paste was then packed

into the cavity of a homemade electrode and smoothed out on a weighing paper.
2.4. Preparation of the PGMCPE

BCPE was electrochemically activated by using ten times cyclic potential sweeps in

the range of 500 to 1800 mV in a PBS solution (pH 5.7) at a scan rate of 100 mVs�1

shown in Fig. 1. The modified electrode was fabricated in 1mM glycine under the
Fig. 1. Continuous 10 cyclic voltammograms for the electrochemical polymerization of 1 � 10�3 M

glycine on a CPE in 0.2M PBS (5.7 pH) at the scan rate 100 mV/s.
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same conditions as those in the electrode activation procedure. After electropolyme-

rization, the modified electrode was rinsed thoroughly with distilled water.
3. Results and discussion

3.1. Morphological characterization of BCNTPE and PGMCPE

The surface morphologies of BCPE and PGMCPE characterized by, field emission

scanning electron microscopy (FESEM) are shown in Fig. 2a and b, respectively.

Fig. 2b clearly shows the formation of poly (glycine) layer on the CPE surface

can be confirmed by the deposited poly (glycine) clusters on the surface.
3.2. Electrochemical oxidation of Tz

The electrocatalytic behavior of the BCPE and PGMCPE toward Tz oxidation were

studied to determine how the sensor affected the electrochemical detection of Tz.
Fig. 2. FESEM images of (a) BCPE (b) PGMCPE.
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Fig. 3. (a) Cyclic voltammograms of Tz (1 � 10�4 M) in 0.2 M phosphate buffer solution of pH 7 at

BCPE (dashed line) and PGMCPE (solid line).
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Cyclic voltammograms were measured for the electrodes immersed in a pH 7 PBS

containing Tz (1 � 10�4 M), as shown in Fig. 3 at PGMCPE, Tz exhibited a good

electrochemical response, comparable to BCPE. The oxidation potential and current

of Tz at BCPE were 883 mV, 11.32 mA and PGMCPE shows 918 mV, 30.46 mA,

respectively. These results indicate that PGMCPE can accelerate the rate of Tz elec-

tron transfer. In order to test the electrocatalytic activity of the Tz, the cyclic voltam-

metric responses of a PGMCPE in the absence and presence of Tz (1� 10�4 M), in a

PBS (pH 7) at a scan rate of 100 mVs�1 are shown in Fig. 4. No current peaks are

observed in the potential range from 500 to 1300 mV in the absence of Tz, whereas

in its presence a characteristic crossover is observed around 910 mV together with a

well-defined peak.
Fig. 4. A typical cyclic voltammograms of PGMCPE with Tz (1 � 10�4 M) (solid line) and without 1 �
10�4 M Tz (dashed line) at pH 7 PBS.
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3.3. The reproducibility, repeatability, and stability of the
PGMCPE

In order to investigate the stability of the PGMCPE, the CVs for Tz (1 � 10�4 M) in

0.2 M pH 7 PBS was tested over 15 days. When cyclic voltammograms were re-

corded after the electrode was stored in the atmosphere at room temperature, the

peak potential for oxidation of Tz was unchanged, and the oxidation current showed

that 7% decrease. The sensor repeatability is measured by repeated measurement of 1

� 10�4 mol L�1 Tz. It indicates an aceptable RSD of 3.7 % under four determina-

tions under optimum conditions. Four electrodes prepared in the same way, an

acceptable reproducibility was obtained for the determination of 1 � 10�4 mol

L�1 Tz, indicating good reproducibility of the preparation method.
3.4. Differential pulse voltammetric measurements

Fig. 5 depicts the oxidation of Tz at a BCPE (solid line) and PGMCPE (dashed line).

The electrochemistry of Tz on the BCPE only showed a small oxidation peak at

about 870 mV. However, at the PGMCPE, a sharp peak at 911 mV was observed,

indicating the PGMCPE showed good electrocatalytic activity towards the oxidation

of Tz.
3.5. Scan rate effect

The effect of scan rate on the anodic peak current of Tz was studied as shown in

Fig. 6a. As the scan rate increased, the oxidation peak current (Ipa) increased.

The Ipa was directly proportional to the square root of scan rate n1/2 over the

range of 100e275 mVs�1, which suggested a surface-controlled process on

the modified electrode surface [25, 26, 27]. The linear regression equation was
Fig. 5. DPVs of a solution containing Tz (1 � 10�4 M) in 0.2 M PBS (pH 7) at the BCPE (solid line),

the PGMCPE (dashed line).
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Fig. 6. (a) Cyclic voltammograms of Tz (1 � 10�4 M) at the PGMCPE in pH 7 PBS at various scan

rates. From: 100,125, 175, 225 and 275 mV/s. (b) Plot of the peak current of Tz as a function of the

square root of scan rate.
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Ipa (mA) ¼ 89.846 þ 1.33653 n1/2 (mV s�1)1/2, with a correlation coefficient of

0.997 (Fig. 6b).

To determine the number of electron transfer for an irreversible reaction, the peak

potential can be demonstrated by this equation [34] Ep ¼ b/2 � Log (v) þ K where

v is the scan rate, b is the Tafel slope, and K is a constant value. The plot of Ep versus

log (v) was drawn, and the slope of this plot is 55 mV. Therefore, the Tafel slope turn

into 110 mV/decade, a is assumed to be 0.50, the results indeed suggest one-electron

(na 1.07 w ¼ 1) transfer in this reaction.
3.6. Effect of pH

The pH value of the supporting electrolyte has a significant influence on the voltam-

metric behavior of Tz at the PGMCPE was shown in Fig. 7a. The effect of pH on the
on.2018.e00986
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Fig. 7. (a) Cyclic voltammograms obtained at the PGMCPE in 0.2 M PBS in pH values, (a) 5.5 (b) 6 (c)

6.5 (d) 7 (e) 7.5 (f) 8 containing Tz (1 � 10�4 M) (b) Plot of anodic peak current vs. pH (5.5e8.0) of Tz

(1 � 10�4M) at the PGMCPE (c) Plot of Epc vs pH for Tz (d) The scheme of oxidation of Tz.
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oxidation behavior of Tz was investigated. The oxidation peak current increased

when pH was in the range of 5.5e8. However, it decreased when pH was more

than 7 shown in Fig. 7b. Therefore, pH 7 was chosen for further experiments. The

peak potentials were shifted from 28.46 mV to 21.08 mV with increasing pH of

the solution from 5.5 to 8. The potential diagram was constructed by plotting the

graph of Epa vs. pH of the solution, and it was shown in Fig. 7c and the linear regres-

sion equation was found to be Epa (mV) ¼ 1138.48e31.257 pH (30). According to

the above results, the electrode process for Tz on the PGMCPE can be expressed as

shown in Fig. 7d [35].
3.7. Calibration plot and limit of detection

Under these optimum experimental conditions, the influence of Tz concentration on

the CV signal was studied. The experimental results showed that the peak current

increased with the increase in the concentration of Tz (see Fig. 8). The voltammetric

calibration curve exhibited (due to concentration increases) two linear behavior in

the range of 1 � 10�6 mol L�1 to 2.7 � 10�5 mol L�1 and 3.5 � 10�5 mol L�1

to 8.7 � 10�5 mol L�1 for Tz (correlation coefficients: 0.991 and 0.995, respec-

tively) and regression equations were Ipa (A) ¼ 3.7342 � 10�6 þ 0.20452C, the

detection limit (LOD) of 2.83 � 10�7 mol L�1 (S/N ¼ 3), limit of quantification

(LOQ) 9.4 � 10�7 mol L�1 and detection sensitivity (2.0452 mA/mM) for Tz

[33]. The presented method in this work showed remarkable advantages such as

sharp waves with relatively large peak currents and low backgrounds, which can

be conducted to improve the sensitivity and detection limit in analytical determina-

tions. The detection limit compared with other reported works [4, 7, 16, 36] are sum-

marized in Table 1.
on.2018.e00986
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Fig. 8. Calibration plot for the determination of Tz at the PGMCPE in pH 7 PBS with the scan rate 100

mV/s.

Table 1. The comparison of detection limit with different methods for the

determination of Tz.

Methods Detection limits Reference

Pyrolytic graphite electrode (CV) 0.5 mgL-1 [7]

High Performance Liquid Chromatography 5.2 ng/mL [4]

High Performance Liquid Chromatography 1.92 mgL-1 [16]

Glassy Carbon Electrode (DPV) 0.81 mgL-1 [36]

PGMCPE (CV) 0.15 mgL-1 This work
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3.8. Analytical applications

The applicability of a PGMCPE to the determination of Tz in some food samples

bought from the local market at Madikeri, India was examined. There are two

different samples were analyzed including candy and soft drink. Concentrations

were measured by applying the calibration plot using the standard addition method.

The recovery rate was calculated to be 94.5 to 98.2%, and the sample was conducted

five times, and the relative standard deviation (RSD) was found lower than 1%,

showing good accuracy and feasible. The recovery values indicate the excellent ac-

curacy of the proposed method. From above experimental results, it is evident that

this method has great potential for the determination of trace amounts of these com-

pounds in biological systems or pharmaceutical preparations.
4. Conclusions

In this work, a sensitive and efficient method, based on the electrocatalytic oxidation

of Tz at PGMCPE, is described. The CPE surface modified with poly glycine
on.2018.e00986
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showed the good electrocatalytic response for the oxidation of Tz. The effect of Tz

concentration, polymerisation cycle, scan rate, pH, DPV and stability have been

investigated in detail. Under the optimal conditions, PGMCPE electrode displays

a low detection limit detection limit and limit of quantification of 2.83 � 10�7

mol L�1, 9.4 � 10�7 mol L�1 for Tz respectively. Besides, the proposed method

was used for the determination of Tz in commercial foods using CV methods and

successfully obtained close value. The stability, reproducibility, and repetitive us-

ability exhibited by the proposed modified electrode.
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