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Abstract 
In this paper, a new electrochemical sensor was reported for the determination of amaranth 
in drink soft. In this sensor, activated carbon-Co3O4 nanocomposite (AC-Co3O4) was employ-
ed as electrode modifying material. High pores of the activated carbon favour an access of 
aramanth nolecules within the pores of  the working electrode surface, and allow  fast 
electron transfer that is beneficial for the  electrochemical detecion process. Thus, the 
electrochemical signal is obviously enhanced at AC-Co3O4 modified electrode compared to 

bare carbon paste electrode, and exhibited a wide linear response ranging from 0.1-215 M 
with a low detection limit of 10.0 nM (based on 3Sb/m). This work offers a new route in 
developing new electrochemical sensors for the determination of collorant additives and 
other hazard components in drink soft. 
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Introduction 

Bright colors make foodstuffs and soft drinks more attractive and appealing [1]. Therefore, 

various edible colorants, including natural colorants and artificial colorants are widely used in the 

food processing industry [2]. Because of charming color uniformity, excellent water solubility, cheap 

production cost, low microbiological contamination as well as high stability to light, oxygen and pH, 

synthetic colorants especially azo dyes have been widely used in food industry to improve the 

appearance and color of food products [3]. 

Amaranth, a typical synthetic azo colorant, has been extensively applied to give fascinating red 

color and make food more attractive and appealing. However, excessive intake of amaranth may 

cause adverse health effects such as dizziness, anxiety, allergic reaction, and even cancer [1,4-6]. 

Therefore, many countries have strictly regulated the additive dosage of amaranth. For example, in 
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both the USA and Japan, the use of amaranth has been voluntarily restricted in foodstuffs and 

beverages [7] and in China, amaranth is permitted to be added into some foodstuffs [8]. The World 

Health Organization has set the acceptable daily intake of amaranth as 0.5 mg kg-1 [9]. Therefore, 

the content of amaranth in foods must be severely controlled and the detection of amaranth in a 

rapid, sensitive, simple, and cost-effective manner is paramount for human health and food safety. 

Recently, various methods such as thin layer chromatography [10], high-performance liquid 

chromatography mass spectrometry [11,12], liquid chromatography-tandem mass spectrometry 

[13,14], spectrophotometry [15,16] and electrochemical analysis [17-21] have been reported to 

determine amaranth. Among those methods, electrochemical methods are more attractive than 

others because of their unique advantages such as low-cost, simple equipment and operation, quick 

response and ease of miniaturization [22-33]. Various electrochemical sensors have been success-

sfully designed for detecting amaranth in foodstuffs and soft drinks [1,3,34-40]. 

The nanomaterials have excellent catalytic and electronic traits to convert biorecognition 

processes into electrochemical reaction, and also have the high loading receptor molecules to 

synergistically amplify target reaction, as well as have large surface area to increase mass transport. 

Herein, we developed novel activated carbon-Co3O4 nanocomposite-modified carbon paste 

electrode (AC-Co3O4-CPE) for the sensitive detection of amaranth in foodstuffs. As far as we know, 

there was no report on the amaranth oxidation with the AC-Co3O4-CPE. Then, it was investigated for 

amaranth voltammetric detection in the real samples. 

Experimental 

Instruments and chemicals 

Instruments utilized in this research are similar to the devices reported in the previous article [30]. 

Amaranth, cobalt chloride hexahydrate, Na2HPO4 and NaH2PO4 were Sigma-Aldrich (St. Louis, USA) 

and the rest reagents with analytical grades were also Sigma and thus applied with any additional 

treatments. Moreover, we employed Na2HPO4 and NaH2PO4 for preparing phosphate buffer (PBS) 

supporting electrolyte solution. Notably, we used deionized water to prepare all solutions freshly.  

Fabrication of AC/Co3O4 nanostructure 

The AC-Co3O4 nanocomposite has been synthesized according to the previous report [41]. Briefly, 

five-gram CoCl26H2O was poured into ethanol solution (40 mL) plus activated carbon (5 g), followed 

by adding 12.5 mL of hydrazine hydrates (50 % N2H4H2O) and 12.5 g of sodium hydroxide (NaOH) 

as dropwise with vigorously stirring at an ambient temperature. Then, the produced AC-Co3O4 was 

collected, rinsed using the deionized water and the ethanol to exclude additional hydrazine. Drying 

the AC-Co3O4 has been performed in the oven for 4 hours at 90 °C. 

Preparation of electrode 

100 mg of AC-Co3O4 nanocomposite and 900 mg graphite was mixed using a mortar for 10 min, 

and then 0.7 mL of paraffin was added to it and remixed for 10 min. Then, the resultant paste 

inserted into a glass tube (length = 10 cm; inner diameter = 3.4 mm) and packaged and then put a 

copper wire in the electrode for establishing an electrical contact. After that, we pressed additional 

paste out of the glass tube and used a weighing paper to polish it for obtaining the surface. The 

resulting electrode is displayed with AC-Co3O4-CPE. 

Furthermore, the bare CPE without any AC-Co3O4 nanocomposite was constructed for comparison. 
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Preparation process of the real samples 

Food samples including grape soda and Lemon soda were provided by a local supermarket. The 

liquid samples were transferred into beaker and degassed in an ultrasonic bath. Then 1.0 mL of the 

samples was pipetted into the voltammetric cell, and diluted to 10 mL with 0.1 M PBS (pH 7). 

Results and discussions 

Characterization of AC/Co3O4 

The morphology of AC/Co3O4 nanocomposite was examined by the scanning electron microscope 

(SEM) (Tescan, Czech Republic) images and the results was given in Fig 1. As can be seen, the 

AC/Co3O4 has an even nano-flower-shape morphology that is assembled through nano-sheets, 

thereby causing an elevation in the activated carbon surface area that shows a highly efficient 

surface area for electron transfer. 

 
Figure 1. SEM image of AC/Co3O4 nanocomposite 

Figure S-1 (given in the Supplementary material) shows the Fourier Transform – infra red (FT-IR) 

(Bruker, Germany) spectra obtained for the functional groups of AC-Co3O4 nanocomposite. As seen, 

the bands at 3416 and 3445 cm−1 correspond to O–H stretching related to the water molecule 

adsorption. The bands from 2850 to 2950 cm−1 stand for the C-H stretching, the bands at 1623 and 

1703 cm−1 for carbonyl stretching vibration and carboxylic group [42]. The peak 1062 cm−1 stands 

for C–O stretching vibration. The bands at 1000 to 1100 cm−1 relate to C–O–C and C–O vibrations. 

The peak 2923 cm−1 corresponds to CH2 anti-symmetric and symmetric stretch vibrations. The peaks 

435 and 564.47 cm−1 show respectively metal oxygen (M–O) vibration bond in octahedral and 

tetrahedral locations, confirming the existence of cobalt oxide on the AC-Co3O4 surface [42]. 

XRD has been assessed using a diffractometer Bruker D8 ADANCE, having Cu Ka radiation. High 

angle X-ray diffractogram for the AC-Co3O4 nanocomposite are shown in Figure S-2. The diffraction 

peaks of 2 = 41.8, 44.4, 47.2, 51.9 and 76.0° (PDF# 15-0806) exhibit the typical metallic cobalt nano-

particles (NPs) [42]. The amorphous structure of carbon is evident in a broad peak at 2 = 24° [42]. 

The calculation of particle size of cobalt NPs in the structure of AC-Co3O4 nanocomposite was 

performed in accordance with the diffraction peak (2 = 44.4°) using the Scherrer equation and was 

27.9 nm. 
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The X-ray photoelectron spectroscopy (XPS) (Tescan, Czech Republic) was applied to chemically 

determine the composition of AC-Co3O4 nanocomposite, whose spectra are shown in Figure S-3. The 

findings confirm the presence of O, Co, and C in the structure of AC-Co3O4 nanocomposite. The weight 

ratios of C (60.50 %), Co (28.72 %) and O (10.78 %) have been obtained having analyzed data quanti-

tatively. 

Electrochemical behaviour of amaranth at the AC-Co3O4-CPE surface 

The CVs responses for the bare CPE and the AC-Co3O4-CPE in 0.1 M PBS (pH 7.0) containing 

100.0 μM amaranth were presented in Figures 2a and 2b, respectively. As can be seen, potential of 

peak (Ep) for Amarant is 600 mV and 825 mV at the surface of AC-Co3O4-CPE and the bare CPE, which 

reflects the capability of AC-Co3O4 nanocomposite as good mediator. Compared to the unmodified 

electrode, the Ep is shifted by about 225 mV to negative values. On the other hand, compared to the 

unmodified electrode, the peak current (Ip) in 100.0 μM amaranth solution (curve b) considerably 

elevated, which was caused by the probable electrocatalytic impacts of AC-Co3O4 nanocomposite on 

the amaranth. 

 
Figure 2. LSVs of the bare CPE (a) and the AC-Co3O4-CPE (b) in the presence of 100.0 μM amaranth  in  

0.1 M PBS (pH of 7.0). Scan rate = 50 mV s-1 in all cases 

In the following, optimizing the solution pH would be crucial to achieve electrocatalytic oxidation 

of amaranth. Therefore, the dependence of electrochemical activity of amaranth on the pH value of 

the aqueous solution was also assessed. For this purpose, the CV used to investigate electrochemical 

activity of amaranth into 0.1 M PBS with different pH-values (3.0 < pH < 9.0) at the AC-Co3O4-CPE 

surface (Figure 3). The results showed that the electrochemical oxidation of amaranth at the AC-

Co3O4-CPE surface in neutral conditions is better than acidic or alkaline conditions. Therefore, pH 7.0 

was chosen as optimum pH for electrochemical oxidation of amaranth at the AC-Co3O4-CPE surface.  

Additionally, the obtained results showed that with increase of pH, the peak potential (Ep) was 

shifted linearly to negative values (slope = 56.1 mV per unit of pH) that is close to the theoretical 

value (59.2 mV) and indicates that the number of protons and electrons involved in the oxidation 

process are equal [1,43,44]. With respect to these results, the possible oxidation mechanism of 

amaranth at the surface of AC-Co3O4-CPE was proposed in Scheme 1 that is in agreement with the 

proposed mechanism in the literature [1,43,44] and as can be seen, 2 electrons are involved in the 

oxidation of amaranth. 
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Figure 3. Variation of peak current of AC-Co3O4-
CPE in 0.1 M PBS containing 100.0 µM aramanth 
with different pH values (3 to 9) 
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Scheme 1. Electro-oxidation of amaranth at the surface of AC-Co3O4-CPE 

In order to illustrate that the AC-Co3O4 nanocomposite could increase the electrode surface area 

in comparison to the surface of bare CPE, real surface area of AC-Co3O4-CPE and bare CPE were 

determined by the Randles-Sevcik (Eq. 1) [45]: 

I = 2.69×105ACD1/2n3/2ν1/2  (1)  

were A is the effective surface area  of  each electrode (cm2),  n is  the  number  of  electrons taking part 

in charge transfer process, D is the diffusion coefficient of the analyte in the solution and C is the 

concentration of the analyte in the solution. The values of n and D for K3Fe(CN)6 are 1 and 

7.6 ×10−6 cm2 s−1 respectively. 

The results showed that the real surface area of AC-Co3O4-CPE and bare CPE were 21.42 and 

0.10 cm2, respectively. Therefore, as expected, the surface area of AC-Co3O4-CPE increases with the 

addition of AC-Co3O4 nanocomposite to the matrix of the carbon paste. 

In the following, the effect of scanning speed on the peak current (Ip) of amaranth was studied 

using linear sweep voltammetry (LSV) (Figure 4). The observations showed that the higher the scan 

speed, the higher Ip and the Ep shifted towards higher positive potentials. As can be seen (Inset of 

Figure 4), the Ip vs. the square root of the scanning rate ( 1/2) varied linearly, therefore, the oxidation 

process of amaranth at the surface of AC-Co3O4-CPE is controlled by diffusion [45]. 
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In the next step, the LSV obtained at the scan rate of 10 mV s-1 was used for draw the TOEFL 

diagram (Figure 5). The ascending part of the voltammogram is called the Tafel region  that under 

the influence by the electron transfer kinetic between amaranth and the AC-Co3O4-CPE. 

 
Figure 4. LSVs of AC-Co3O4-CPE in 0.1 M PBS  

(pH 7.0) containing 100.0 µM amaranth at various 
scan rates; numbers 1 - 6 correspond to 10, 25, 50, 

100, 300 and 500 mV s-1, respectively;  
inset: changes in the anodic peak current versus 

square root of scan rate 

 
Figure 5. LSV of AC-Co3O4-CPE in 0.1 M PBS (pH 7.0) 
containing 100.0 µM amaranth at the scan rate of 

10 mV s-1. The inset exhibits the LSV-derived  
Tafel plot 

Due to the slope of the Tafel curve, which corresponds well to the involvement of 1 electron in the 

electrode rate-determining step [45],  a charge transfer coefficient (α) of 0.6 was obtained for 

amaranth. 

Chronoamperometric study 

In the following, to perform the chronoamperometric measurements of amaranth at the surface 

of the AC-Co3O4-CPE, the working electrode potential was adjusted at 650 mV (Figure 6). The current 

obtained from electrochemical reaction at the mass transport limited condition for electroactive 

material (in this case: amaranth), that having a diffusion coefficient D can be ascribed by Cottrell 

equation (2) [45]: 

I = nFAD1/2Cbπ-1/2t-1/2  (2) 

where D imply the diffusion coefficient (cm2 s-1) and Cb the bulk concentration (mM). Chrono-

amperometric measurements of aramanth were performed in diverse concentrations of amaranth 

(0.1 M of PBS at pH 7.0). Then, the plots of I versus t-1/2 were plotted (Figure 6a). In the next step, the 
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slopes of the obtained straight lines were plotted versus (Figure 6b) concentration of amaranth. Based 

on the final slope and the Cottrell equation, the mean value of D for amaranth was calculated as 

6.5×10-5 cm2 s-1. 

 

Figure 6. Chronoamperograms at the AC-Co3O4-CPE 
in 0.1 M PBS (pH of 7.0) containing different 
concentrations of amaranth; 1 to 4 correspond to 
0.1, 0.3, 0.6 and 1.0 mM of amaranth. Inset: The 
plot of I versus t-1/2 obtained from the chronoam-
perograms 1–4 (a), the slope of straight lines 
against concentration of amaranth (b) 

Analytical functions 

The obtained results show that the electrooxidation peak current of amaranth at the AC-Co3O4-CPE 

surface could be used for measurement of amaranth in solution. Since differential pulse voltammetry 

(DPV) has a higher sensitivity compared to other quantitative methods, just this method was used to 

investigate the linear range of the method. The DPV parameters were tested and the best currents 

were obtained by using (initial potential = 470 mV, end potential = 690 mV, potential = 0.01 V and 

pulse amplitude = 0.025 V). To perform this study, the AC-Co3O4-CPE was placed in a series of 

amaranth solutions with different concentrations and peak current was measured. According to the 

data  (Figure 7), the oxidation current of amaranth at the AC-Co3O4-CPE surface has a linear depen-

dence on the amaranth concentration (at range 0.1 to 215.0 µM), with a correlation coefficient of 

0.9994. Finally, based on 3Sb/m, a detection limit of 10 nM for amaranth was calculated. 

Table 1 compares analytical function of the AC-Co3O4-CPE with the other modified electrodes 

[1,3,18-20,34,43,44,46]. As seen in the Table 1, the detection limit and the linear range obtained 

using the AC-Co3O4-CPE is in the range of many reports or even better. The high sensitivity may be 

ascribed to the porous structure of the AC-Co3O4 nanocomposite, which facilitates the transport of 

electroactive molecules. The low detection limit may be the result of the synergistic effect of the 

activated carbon and the Co3O4 NPs. 
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Figure 7. DPVs of the AC-Co3O4-CPE in 0.1 M PBS (pH 7.0) containing different concentrations of amaranth 
(0.1, 2.5, 10.0, 30.0, 70.0, 100.0, 150.0 and 215.0 μM). Inset: the peak current plots versus concentration of 

amaranth (0.1-215.0 μM) 

Table 1. Figure of merit of the AC-Co3O4-CPE compared to other electrodes used in the measurement of 
amaranth 

Method LOD, nM Linear range, µM Ref. 
GCE modified with electropolymerization of molecularly imprinted 
polypyrrole film on multiwalled carbon nanotube surface 

0.4 0.007-17 [1] 

Carbon paste electrode modified with alumina microfibers and 
accumulation 

0.75 0.001-0.15 [3] 

Expanded graphite paste electrode 36 0.08-4 [18] 
Carbon paste electrode modified with nanostructured resorcinol-
formaldehyde carbonized polymers and accumulation 

0.27 0.0005-0.1 [19] 

Glassy carbon electrode (GCE) modified with Pd-doped 
polyelectrolyte functionalized graphene 

7 0.1-9 [20] 

GCE modified with molecularly imprinted electrochemical sensor 
based on Pd-Cu bimetallic alloy functionalized graphene 

2 0.006-10 [34] 

GCE modified with porous graphene material-graphene nanomeshes 0.7 0.005-1 [43] 
GCE modified with manganese dioxide Nanorods/electrochemically 
reduced graphene oxide nanocomposites 

1 0.02-400 [44] 

GCE modified with functionalized graphene oxide/chitosan/ionic 
liquid nanocomposite supported nanoporous gold 

37.3 0.008-1.2 [46] 

AC-Co3O4-CPE 10.0 0.1-215.0 This work 
 

Repeatability, reproducibility and stability 

To evaluate the reproducibility of the AC-Co3O4-CPE sensor, DPV was used. The calculated RSD 

for five measurements of 100 μM of amaranth at five different electrodes prepared in the same way 

was 3.4 %, which demonstrates reasonable reproducibility of the AC-Co3O4-CPE sensor. Also, the 

relative standard deviation (RSD) of six repeated determinations of 100.0 μM of amaranth with one 

electrode was 3.7 % which demonstrates reasonable repeatability of the AC-Co3O4-CPE sensor. To 

assess stability of the AC-Co3O4-CPE sensor, a modified electrode was stored for three weeks, and 

then used for amaranth determination. The obtained data showed that current response of the  
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AC-Co3O4-CPE sensor to the amaranth after 3 weeks was 94.5 % of its initial value, which illustrates 

a very good sensor stability. 

Interference effect 

In the analytical chemistry, the selectivity of sensor is a very important factor. For this assesses, 

the effect of some annoying species on the measurement of 50.0 μM amaranth was assessed by 

DPV under optimum conditions. The possible interfering species were selected in such a way that 

they could be present in the real samples. The obtained data showed that 50-fold lemon yellow, 

sunset yellow, rhodamine B, glucose, ascorbic acid and citric acid, show no disturbance in the 

measurement of amaranth and the change in Ip due to interfere was less than 5 %. Therefore, can 

be said that the electrode has a good selectivity. 

Real-sample analysis 

Artificial colors are often used as brightening agent to add in soft drinks for better appearance 

and taste, and therefore we chose soft drinks as real samples to determine amaranth. For this 

purpose, the applicability of the AC-Co3O4-CPE in determining the true samples, the pre-prepared 

samples were transferred to electrochemical cell and the amount of amaranth was measured using 

DPV. The standard addition method  was used to increase the accuracy of the measurement. The 

results were given in Table 2 and showed that the recovery percentages were in the range of 98.2 

to 103.4 %. Also, the RSD percentages of the method were 3.6 % or less, which indicates the high 

reliability of the AC-Co3O4-CPE in real samples. 

Table 2. Application of the AC-Co3O4-CPE to detect amaranth in real samples (n = 5) 

Sample 
Camaranth / μM 

Recovery, % RSD, % 
Spiked* Found** 

Grape soda 

0.21 0.56±0.03 --- 3.3 
5.0 5.63±0.18 101.4 3.6 

10.0 10.41±0.34 98.5 3.3 
20.0 20.92±0.64 101.8 3.2 

Lemon soda 

--- ND* --- --- 
5.0 5.17±0.21 103.4 3.5 

10.0 10.32±0.38 103.2 3.2 
20.0 19.64±0.66 98.2 3.3 

*The added standard to the sample, **The amount of amaranth that was determined, ***Not detected 

Conclusions  

In this research, a new modified CPE was constructed for the measurement of amaranth. Due to 

modification of the electrode surface using AC-Co3O4-CPE nanocomposite, the electrode response 

to amaranth increased and thus the sensitivity of the measurement increased too. The AC-Co3O4-

CPE was successfully applied for the measurement of amaranth in soft drinks samples.  Simplicity, 

portability and cost-effectiveness are some of the advantages of the developed AC-Co3O4-CPE. 
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