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The goal of the ongoing research is to create an electrochemical sensor that can detect tyrosine in food 

that is stable, sensitive, and selective. This sensor will be built of a conducting polymer called poly 

(3,4,-dioxythiophene) (PEDOT) and a reduced graphene oxide (rGO) nanocomposite. An 

electrodeposition method was used to create the glassy carbon electrode (GCE) modified with rGO-

PEDOT nanocomposite. The electrodeposition of rGO-PEDOT on GCE was confirmed by SEM and 

EIS analysis. Electrochemical studies using DPV revealed that rGO and PEDOT nanostructures had a 

synergistic effect in promoting charge transfer as a sensitive and selective sensor with a linear range of 

1 to 120 ng ml-1. The detection limit and sensitivity were calculated to be 0.012 ng ml-1 and 

0.3578µA/ngml-1, respectively. The usefulness and precision of rGO-PEDOT/GCE for determining 

tyrosine in prepared real samples from beans were explored. The proposed tyrosine sensor's practical 

viability was evaluated to estimate the level of tyrosine in genuine bean samples. The results showed 

that the recovery values (91.52% to 98.31%) and RSD values (2.26 % to 4.93%) were satisfactory. The 

results demonstrate that the developed tyrosine sensor has high precision, acceptable validity, and 

excellent application potential. 
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1. INTRODUCTION 

One of the amino acids required for the upkeep of a nutritional balance is tyrosine (Tyr) [1, 2]. 

Tyr levels in the body are related to a person's level of health [3, 4]. Tyr serves as a precursor for 

several hormones found in the central nervous system, including thyroxin, dopa, dopamine, 

noradrenalin, and adrenalin [5-7]. A person's body can produce tyr if they consume enough 

phenylalanine. Since phenylketonuria patients are unable to consume phenylalanine, they frequently 
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take tyrosine supplements [8, 9]. Several studies have found that eating foods high in Tyr, such as 

cheese, lamb, cattle, soybeans, pork, fish, poultry, beans, nuts, seeds, dairy, eggs, and whole grains, 

can help people remember things better under stress [10, 11]. In the lack of Tyr, several illnesses like 

hypochondrium, sadness, and other psychiatric illnesses might be seen [12-14]. Therefore, effective 

analytical methods are required for Tyr's assessment in food samples due to its nutritional value [15, 

16]. Numerous analytical techniques have been published for the determination of Tyr, including 

chemiluminescence, fluorometric techniques, spectrometric testing, high performance liquid 

chromatography, and capillary electrophoresis [17-19]. However, the majority of these techniques are 

constrained by drawbacks including expense, length of analysis, and sample preparation [20, 21]. An 

easy, inexpensive, and quick method for analyzing physiologically and environmentally significant 

chemicals is by electrochemical methods [22, 23]. Sadly, amino acids perform poorly 

electrochemically on solid electrodes; as a result, chemical modifications are used to enhance their 

performance [24-26]. 

Because of their mechanical strength, conductance, abundance of surface functionality, ease of 

manufacturing, catalytic activity, and environmentally friendly nature, graphene-based conducting 

polymer materials have received attention in recent years for use in a variety of technological 

applications [27-29]. The thickness and length of the polymeric chains of these nanocomposites on a 

substrate can be adjusted depending on the needs of the application [30-32]. The PEDOT-graphene 

compound has attracted interest in a number of electrochemical devices, such as supercapacitors, tissue 

regeneration, and biosensors, among the other graphene-based polymeric composites which have been 

proposed [33-35]. It might be because the backbone of the poly (3,4,-dioxythiophene) (PEDOT) 

polymer efficiently interacts with charged dopants including reduced graphene oxide (rGO), allowing 

for the creation of nanocomposites with improved stability [36-38]. Previous research has confirmed 

that this nanocomposite performs better as an electrode modification than using a PEDOT matrix by 

itself. To the best of our knowledge, a small number of nanocomposites based on PEDOT graphene 

have been created for electrochemical sensing applications [39]. These studies are conducted to 

improve the detection limit for application electrochemical sensors in biological fluids, and the 

prepared sensors have been performed in a narrow and restricted linear range which limits further 

applications in pharmaceutical and food samples with a high level of Tyr. Therefore, in this study, a 

promising electrode matrix for such highly sensitive and selective sensing of Tyr is proposed using a 

rGO-PEDOT nanocomposite. 

Electrocatalysts prefer rGO-PEDOT electrodes because of their electrical conductivity, large 

number of active sites, and unique surface functions. The manufactured differential pulsed 

voltammetry (DPV) sensor exhibits good sensitivity for detecting the three separations and 

purifications individually and great selectivity for usage in their simultaneous determination. The 

nanocomposite's fabrication is straightforward. The proposed electrode shows tremendous promise for 

usage in sensing applications for practical applications, according to a study of produced samples. 
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2. MATERIALS AND METHODS 

Three electrodes—rGO, PEDOT, and rGO-PEDOT modified GCEs—were made. The 

Hummer's technique was used to create graphene oxide (GO) [40]. 20 mg of GO was combined with 

20mL of water and sonicated for three hours to create the rGO. The resulting mixture was then given 

0.5 g of NaBH4, and it was continuously stirred for 15 hours. After the reaction was finished, ethanol 

and then water were used to wash the mixture. The processed black rGO was then dried under a 

vacuum at 50°C. An rGO/GCE was created by drop-casting approximately 10mL of the rGO 

distribution onto a polished GCE. The rGO-PEDOT/GCE was electrodeposited with PEDOT in 0.1M 

H2SO4 including 0.01M PEDOT during 100s at a fixed voltage of +0.9V. A PEDOT/GCE was created 

using the same procedure. 

The prepared sample's morphology was examined using scanning electron microscopy (SEM(. 

The electrochemical studies were conducted using an electrochemical device with a three-electrode 

setup. GCE served as the working-electrode, SCE served as the reference-electrode, and Pt wire served 

as the counter-electrode. Measurements were made using electrochemical impedance spectroscopy in 

the 0.1Hz to 10000Hz frequency range. GCE, rGO/GCE, and rGO-PEDOT/GCE were used as the 

working electrodes in a typical three-electrode electrochemical cell to perform differential pulse 

voltammetry (DPV) in electrochemical studies of materials under potential range of -0.4 to 0.2V into 

0.1M phosphate buffer solutions (PBS) in scan rate of 10mVs−1. PBS, that are composed of NaH2PO4 

(98%) and H3PO4 (90%), were used as the electrolyte in electrochemical cells.  

The approach described in [41] was used in the production of the real sample. Four common 

beans have been cut into individual pieces, processed in a blender, and given the designations E1, E2, 

E3, and E4. All pureed beans were then treated for 20 minutes with 1 cc of 0.1 M HCl (39%) and 

filtered. The pH was then brought down to 6.5 by centrifuging the 10 ml of filtered mixtures for 20 

minutes before adding 12ml of 0.1M ammonia (29%) to the solutions. After being diluted with 2 mL 

of PBS, the supernatants were used as four prepared actual samples for tyrosine level measurement. 

 

 

 

3. RESULTS AND DISCUSSION 

The SEM picture of wavy and intertwined graphene oxide sheets is depicted in Figure 1a. 

Figure 1b shows the shale-like PEDOT structures are evenly scattered on the rGO. When PEDOT 

nanostructures are anchored to mesoporous graphene oxide sheets, a high porosity surface and a high 

specific surface area ratio are produced. The PEDOT nanoparticles are introduced between the 

rGO monolayers as a stabilizer to prevent sheet agglomeration [42-44]. 

 

 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221116 

  

4 

 
 

Figure 1. SEMs of (a) rGO sheets and (b) rGO-PEDOT nanocomposite 

 

 

 

 

Figure 2. Nyquist diagrams of PEDOT, rGO and rGO-PEDOT nanocomposites modified GCE. Inset 

figure shows equivalent circuit model 

 

Electrochemical impedance spectroscopy (EIS) was used to investigate the interfacial 

characteristics of the electrode materials. Figure 2 displays the Nyquist curves of four electrodes 

(uncoated GCE, PEDOT/GCE, rGO/GCE, and rGO-PEDOT/GCE) in 0.1M KCl with 10mM 

K4Fe(CN)6 and K3Fe(CN)6 on each electrode, respectively, at an applied AC voltage of 20mV.A 

semicircle inside the high frequency region associated with the charge, or transfer of electrons, with a 

diameter associated with the charge-transfer r-esistance (Rct), as well as a linear section at the lower 

frequencies associated with the diffusionlimited procedure are both visible on Nyquist curves of the 

electrodes [45-47]. When compared to the naked GCE, the changed electrodes showed observable 

variations in Rct values, which amply demonstrated the efficacy of surface modification. The Randle 

equivalent circuit that was discovered and could be adapted to the impedance of each electrode is 

shown in the inset of Figure 2. The Randles circuit's Rct and Warburg impedance were parallel to Cdl, 

producing the semicircle in Nyquist charts [48-50]. The basic GCE's Rct value was around 1026Ω. Due 

to the semiconducting properties of PEDOT film, after the GCE was altered with it, Rct significantly 

rose to 1489Ω. The high conductivity rGO surface layer was responsible for the Rct values of 

rGO/GCE, which were approximately 685Ω and significantly less than the naked GCE. Rct slightly 
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increased to 848Ω when the rGO-PEDOT composites was used to alter the GCE [51, 52]. These 

findings imply that the GCE's surfaces were successfully used to create the rGO-PEDOT 

nanocomposite. 

To determine the sensitivity, linear-range, and limit of detection of the rGO-PEDOT/GCE 

response to the injection of 1ng mL-1 of tyrosine solution in potential range of -0.4 to 0.2V at 10mVs-1, 

the following electrochemical tests were carried out using the DPV approach. Figure 3 shows DPVs 

and calibration plots for rGO-PEDOT/GCE after each injection of 1 ngml-1 tyrosine solution, 

corresponding to a sensitivity of 0.3578µA/ng ml-1 and a limit of detection of 0.012 ng ml-1. 

Additional electrochemical tests were carried out in electrochemical cells with the addition of 

10ng ml-1 tyrosine solution in order to determine the linear-range of rGO-PEDOT/GCE toward 

tyrosine. The DPV response and calibrated plotted curve are displayed in Figure 4. It shows that the 

tyrosine measurement on rGO-PEDOT/GCE has an achieved linear range of 1-120 ngml-1. The 

observed sensitivity, linear-range, and detection limit of rGO-PEDOT/GCE are also compared with 

those of other sensors for the measurement of tyrosine in the literature [53-55]. The comparison shows 

that the reported electrochemical biosensor in Table 1 and the rGO-PEDOT/GCE detecting properties 

are equivalent or superior. Additionally, high porosity, effective site, and enhanced surface area for 

rGO-PEDOT nanocomposites resulted in the broad linear range for tyrosine measurement [56-58]. Due 

to the synergistic effects of rGO and PEDOT nanostructures, it has been discovered that the fabrication 

of rGO-PEDOT composites on GCE displays a low detection limit with excellent linear range for 

tyrosine, which is comparable with the other nanostructured-based sensors [59-61]. According to 

studies, integrating rGO with PEDOT nanostructures in electrochemical sensors results in excellent 

benefits like improved mass-transport and sensitivity, lower detection thresholds, and quick electron-

transfer kinetics into electrochemical reactions. 

 

 
 

Figure 3. DPV response of rGO-PEDOT/GCE under potential range of -0.4 to 0.2V into 0.1M PBS 

solution in 10mVs−1 for adding 1ng mL−1 of tyrosine solution. Inset figure shows calibration 

curve  
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Figure 4. DPV response of rGO-PEDOT/GCE under potential range of -0.4 to 0.2V into 0.1M PBS 

solution in 10mVs−1 for adding 10ng mL−1 of tyrosine solution. Inset figure shows calibration 

curve 

 

 

Table 1. Comparing rGO-PEDOT/GCE for tyrosine detection with various reported sensors 

 

Electrode Technique Detection 

limit 

Linear-range Ref. 

CuO/β-CD/Nf/GCE CV 0.0082 μM 0.01 to 100 μM [62] 

MWCNTs-Nafion/GCE CV 0.8 μM 2.0–120.0 μM [63] 

MIP/pTH/Au@ZIF-67/GCE DPV 7.9 nM 0.01- 4 µM [64] 

UT-g-C3N4/Ag CV 0.14µM 1-150 μM [65] 

Molecularly imprinted polymer EIS  6.63 pM 0.0001nM-1mM [66] 

GO-CS Modified Carbon-Based 

Electrodes 

DPV 5.86 μM  1-100 μM [67] 

rGO-PEDOT/GCE DPV 0.012 nM 1-120 nM This 

work 

 

For the purpose of examining the analytical application of the rGO-PEDOT/GCE to assess 

tyrosine using the conventional addition technique, four actual bean samples, designated as E1, E2, E3, 

and E4, were generated. rGO-PEDOT/GCE is dependable for the detection of tyrosine in actual 

samples, as shown by Table 2's satisfactory values for recovery within a range of 91.52%-98.31% and 

RSD within a range of 2.26%-4.93%. 
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Table 2. Analytical applicability of rGO-PEDOT/GCE to determine tyrosine in real specimens 

 

Sample Adding(µM) Found(µM) Recovery(%) RSD(%) 

E1 5.00 4.93 98.31 2.26 

E2 10.00 9.66 91.52 3.74 

E3 15.00 14.52 93.65 4.86 

E4 20.00 19.78 97.64 4.93 

 

 

 

4. CONCLUSION 

In this study, an electrochemical sensor was used to detect tyrosine in food that was stable, 

sensitive, and selective. This sensor will be built from PEDOT and rGO nanocomposites. An 

electrodeposition method was used to create the GCE modified with rGO-PEDOT nanocomposite. The 

electrodeposition of rGO-PEDOT on GCE was confirmed by SEM and EIS analysis. Electrochemical 

studies using DPV revealed that rGO and PEDOT nanostructures had a synergistic effect in promoting 

charge transfer as a sensitive and selective sensor with a linear range of 1 to 120 ng ml-1. The detection 

limit and sensitivity were calculated to be 0.012 ngml-1 and 0.3578µA/ngml-1, respectively. The 

usefulness and precision of rGO-PEDOT/GCE for determining tyrosine in prepared real samples from 

beans were explored. To estimate the level of tyrosine in genuine bean samples, the proposed tyrosine 

sensor's practical viability was evaluated. The results showed that the recovery values (91.52% to 

98.31%) and RSD values (2.26% to 4.93%) were satisfactory. The results demonstrate that the 

developed tyrosine sensor has high precision, acceptable validity, and excellent application potential. 
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