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This study focused on the preparation of Ag-substituted ZnO nano-flower modified GCE for 

determination of tyramine. Ag-substituted ZnO nano-flowers were synthesized through the spray 

pyrolysis method on GCE and their electrochemical properties of prepared electrodes were studied. 

Morphological analyses showed that the high porosity, high surface area and high density of nano-

flower structures were synthesized on GCE. Structural analysis verified the substitution of Ag into the 

ZnO lattice of nano-flower which were grown in hexagonal wurtzite for ZnO and fcc phase of silver. 

EIS measurements showed that the charge-transfer resistance was decreased after the Ag substitution 

process which can be related to high conductivity of substituted silver on ZnO structure. CV analyses 

exhibited the stable response of modified GCE for determination of tyramine. The amperometry 

measurements displayed the fast response of Ag-substituted ZnO modified GCE to successive addition 

of tyramine solution  which indicating  the linear range, limit of detection and sensitivity were obtained 

1-900 µM, 0.03 µM and 0.90281 µA/µM, respectively. Study on the interference effect showed 

selective and reliable response of Ag-substituted ZnO modified GCE for tyramine determination. 

Applicability of the prepared electrode was studied to determine tyramine in beer as a real sample 

which indicated the tyramine concentration in the real sample was 0.272 µM. 

 

 

Keywords: Electrochemical impedance spectroscopy; Amperometry; Nano-flower; Silver-substituted 

ZnO; Tyramine detection 

 

 

1. INTRODUCTION 

Tyramine (C8H11NO) is most catecholamine releasing agent in foods that it usually found 

in plants and animals, and is metabolized by various monoamine oxidases.  In foods, it is often derived 

from the decarboxylation of amino acid  tyrosine in fermentation and decay process [1, 2]. It is not 
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observed in fresh foods but it level is increased by during storage and aging in room temperature [3, 4].  

Therefore, the fermented, cured, pickled, aged, and spoiled foods contain high concentrations of 

tyramine [5]. For example, strong or aged cheeses (cheddar, Parmesan; Stilton, Gorgonzola, 

Camembert, feta, Muenster), cured, smoked, or processed meats (pepperoni, dry sausages, hot dogs, 

bologna, bacon, corned beef), and drinks (beer, vermouth, sherry, liqueurs) have high contents of 

tyramine [6-9].   

Studies showed that high level tyramine in food can lead to headache, migraine, high blood 

pressure, hypertension, neurological  and  respiratory disorders [10, 11]. Therefore, the Agriculture 

Organization of the United Nations (FAO) and European Food Safety Authority (EFSA) considered 

tyramine as a hazard for foods [12-14]. Thus, many researches were conducted for development of 

fast, precise, sensitive, selective tyramine determination techniques in food samples. Very enzymatic 

and non-enzymatic tyramine sensors have been studied through  thin layer chromatography [15], high 

pressure liquid chromatography [16], spectrophotometry [17], and electrochemical techniques such as 

amperometry, differential pulse voltammetry (DPV), cycle voltammetry (CV),  linear sweep 

voltammetry (LSV) [18-23]. Among them the electrochemical techniques is an interesting and 

applicable method due to its cost, rapid and uncomplicated [24]. Many studies were carried out on 

MWCNT-AuNPs/chitosan/ molecularly imprinted polymer/GCE [25], indium tin oxide/3-

aminopropyltriethoxysilane/reduced graphene oxide [26], carbon-fiber microelectrodes [20], carboxyl 

functionalized carbon nanotube [21] phosphate-doped polypyrrole film [27] and etc., for development 

of sensing properties of tyramine sensors and biosensors. These studies illustrated that modification of 

the electrode surface by nanostructure promotes sensitivity, stability and selectivity of sensor because 

of nanostructure’s high aspect ratio and high porosity [28-30]. 

Accordingly, this study was conducted for the preparation Ag-substituted ZnO nano-flower 

modified GCE as non-enzymatic sensor and its application for electrochemical determination of 

tyramine through CV and amperometry techniques.  

 

 

 

2. MATERIALS and METHOD 

Ag-substituted ZnO nano-flower film was prepared through the spray pyrolysis method on 

glassy carbon electrodes.  Before the preparation of film, the glassy carbon electrode (glassy carbon 

disk diameter of 2mm, Wuhan Corrtest Instruments Corp., Ltd., China) was mechanically polished 

successively with alumina slurry (99.5%, particle size of 1-5 µm, Hangzhou Jiupeng New Material 

Co., Ltd., China) on a polishing cloth for 20 minutes which followed by ultrasonication in deionized 

water for 10 minutes. 0.5 M zinc acetate (98%, Lianyungang Zhonghong Chemical Co., Ltd., China) 

solution was prepared in deionized water the silver acetate (99.99%, Sigma-Aldrich, UK) solution as a 

silver substitution source was added to zinc acetate solution. The silver concentration was 15 wt. %. 

The prepared solution was sprayed on the cleaned glassy carbon electrode at 350 °C. The spray 

pyrolysis deposition condition was kept constant and argon was applied as the carrier gas in the 

deposition process. 
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 The morphology of prepared ZnO and Ag-substituted ZnO nano-flower modified GCE was 

analyzed by scanning electron microscopy (SEM, JEOL-JSM-6010LA, Tokyo, Japan). The crystalline 

structures of prepared samples were characterized by X-ray diffraction (XRD, Bruker D2 Phaser, 

Beerlika, MA, USA) operating at voltage of 35 kV and current of 10 mA with monochromatic 

wavelength radiation of CuKα (λ=1.5418 Å). Electrochemical impedance  spectroscopy (EIS), cycle 

voltammetry (CV) and amperometry  measurements were recorded by Autolab Potentiostat (PGStat 

101, Metrohm Autolab, Utrecht, The Netherlands) with a conventional standard three-electrode 

electrochemical cell that Ag/AgCl electrode, Pt wire and  prepared samples (prepared ZnO and Ag-

substituted ZnO nano-flower modified GCE) were applied as the reference electrode, counter electrode 

and the working electrode, respectively. The electrolytes of electrochemical measurements were 0.1M 

phosphate buffer solution (PBS) and 0.1 M KCl ( 99.5%,  Jinan Richnow Chemical Co., Ltd., China ) 

solution which containing 5 mM [Fe(CN)6] 4−/3− (K3Fe(CN)6, 99.5%, Shanghai Yancui Import And 

Export Corporation, China)  solution. PBS was prepared from Na2HPO4 (99.0%, Shanghai Ruizheng 

Chemical Technology Co., Ltd., China). For preparation of the real sample, commercially available 

beer was provided from a local market and was added to 0.1 M PBS in volume ratio of 1:1.   

 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the SEM images of pure ZnO and Ag-substituted ZnO nano-flower films. As 

observed, there are nano-flower structures for both of the prepared films. The average diameter of 

nanorods are 180 nm and 230 nm, and average length of nanorods are 2.2 µm and 2.6 µm for pure ZnO 

and Ag-substituted ZnO nano-flower, respectively.  The smooth surface of nanorods were found for 

pure ZnO and Ag substituted ZnO nano-flower films.  Furthermore, the high porosity, high surface 

area and high density of petals are prepared on Ag-substituted ZnO nano-flower film surfaces.   

  

 

 
 

Figure 1. The SEM images of (a) pure ZnO and (b) Ag-substituted ZnO nano-flower films. 
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Figure 2 displays the recorded XRD patterns of pure ZnO and Ag-substituted ZnO films.  As 

shown, all prepared films were grown in the crystalline phase of ZnO. There are diffraction peaks at 2θ 

= 32.12°, 34.58°, 36.66°, 47.77°,  57.08°, 63.14°,  68.19°, 10.18° and 77.29° are attributing to the 

growth along the (100), (002), (101), (102), (110), (103), (112), (004) and (202) directions, 

respectively which good agreement with formation of the hexagonal wurtzite for ZnO film (JCPDS 

card No.  075-1526) [31, 32]. For Ag-substituted ZnO film, the intensity of diffraction peak at (101) 

direction is decreased and intensity diffraction peak at (002) direction is increased. Moreover, two 

weak diffraction peaks at 2θ = 38.37°, 44.64°, 64.76° are associating with the (111), (200) and (220) 

planes, respectively which illustrating growth of the fcc phase of silver (JCPDS card No. 004-0783) 

that it is  implying to the substitution of silver in ZnO lattice.  

 

 

 
 

Figure 2. The recorded XRD patterns of pure ZnO and Ag-substituted ZnO films. 

 

 

In order study the electron-transfer resistance at the electrode-solution interface for pure ZnO 

and Ag-substituted  ZnO modifies GCE, the EIS measurements was recorded in 0.1 M KCl solution 

which containing 5 mM [Fe(CN)6]4−/3− solution as redox probe in the frequency range of 10-1 Hz to 

105 Hz at AC voltage amplitude of  5 mV. As seen in Figure 3, the Nyquist plots exhibit the semicircle 

curve part at high frequencies that is related to the charge-transfer resistance  (Rct) which can be 

indicated by radius of semicircle [33-35]. Moreover, the Nyquist plots also show an inclined line part 

at low frequencies which is controlled by diffusion. Thus, the charge-transfer resistance of pure ZnO 

and Ag-substituted ZnO modifies GCE can be obtained of 0.503 kΩ and 0.368 kΩ, respectively. It is 

indicated the charge-transfer resistance is decreased after the substitution process which can be related 
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to high conductivity of substituted silver on ZnO structure [36]. Therefore, lower charge-

transfer resistance of Ag-substituted ZnO film can provide a high electron transfer rate between the 

electrolyte and electrode surface. 

 

 
Figure 3. The recorded Nyquist plots of pure ZnO and Ag-substituted ZnO films in 0.1 M KCl 

solution which containing 5 mM [Fe(CN)6] 4−/3− solution in the frequency range of 10-1 Hz to 

105 Hz at AC voltage amplitude of  5 mV. 

 

 

 
Figure 4. The recorded CVs of pure ZnO and Ag-substituted  ZnO films in 0.1 M KCl solution which 

containing 5 mM [Fe(CN)6]4−/3− solution at scan rate of 10 mVs-1 and potential range of -0.5 V 

to 0.5 V. 
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Further electrochemical study of prepared pure and substituted ZnO modified GCE was 

conducted through CV technique. The CVs of the electrodes were recorded in mixture of 0.1 M KCl 

and 5 mM [Fe(CN)6]4−/3− solutions at scan rate of 10 mVs-1 and potential range of -0.5 V to 0.5 V. As 

observed Figure 4, both of electrodes show the well-defined redox peaks. It is observed that difference 

potential between anodic and cathodic peaks (ΔE) are obtained 0.077 and 0.069 V for pure and 

substituted ZnO modified GCE, respectively. Furthermore, the Ag-substituted ZnO modified GCE 

shows the higher current for the anodic and cathodic peaks than pure ZnO modified GCE because of 

its lower electron transfer resistance at the electrode-solution interface. The substitution process 

improves the conductivity and surface area of the film. Therefore, the following electrochemical 

studies were carried out on Ag-substituted ZnO modified GCE surfaces. 

The CV response of Ag-substituted ZnO modified GCE was recorded in 0.1 M PBS pH 7.0 at 

scan rate of 10 mVs-1 and potential range of -0.5 V to 1.0 V in presence and absence of 10 µM 

tyramine. Figure 5 shows that the both of recorded CVs exhibit the peak at 0.20 V for silver [37]. 

Moreover, there is a single oxidation peak at 0.7 in presence of 10 µM tyramine. In addition, the 

stability of electrochemical response was investigated through the record of successive CVs. Figure 6 

shows first and 100th recorded CVs in presence of 10 µM tyramine that exhibits 6 % changes for 

current of tyramine oxidation peak which indicate the stability response of Ag-substituted ZnO 

modified GCE for determination of tyramine. 

 

 

 

 

Figure 5. The recorded CV response of Ag-substituted ZnO modified GCE in 0.1 M PBS pH 7.0 at 

scan rate of 10 mVs-1 and potential range of -0.5 V to 1.0 V in presence and absent of 10 µM 

tyramine. 

 



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210234 

  

7 

 
 

Figure 6. The first and 100th recorded CVs response of Ag-substituted ZnO modified GCE in 0.1 M 

PBS pH 7.0 at scan rate of 10 mVs-1 and potential range of -0.5 V to 1.0 V in presence of 10 

µM tyramine. 

 

 

The amperometry technique was applied to estimate the linear range, sensitivity and limit of 

detection of Ag-substituted ZnO modified GCE for determination of tyramine. Figure 7 depicts the 

recorded amperogaram response and the calibration plot of Ag-substituted ZnO modified GCE in 0.1 

M PBS pH 7.0 at 0.7 V and rotating speed of 1000 rpm. As seen, the fast response of Ag-substituted 

ZnO modified GCE was recorded after successive addition of 1 µM tyramine solution and current 

responses were increased linearly with addition of tyramine solution. The limit of detection and 

sensitivity on Ag-substituted ZnO modified GCE surfaces were obtained 0.03 µM and 0.90281 

µA/µM, respectively.   For determination of linear range of sensor, the amperometry study was also 

performed for successive addition of 100 µM tyramine solution and its calibration plot is shown in 

Figure 8 which indicating linear range for determination of tyramine on Ag-substituted ZnO modified 

GCE was 1-900 µM. 

Table 1 presents the linear range, limit of detection and sensitivity of reported in literature for 

tyramine determination. Comparison with the summarized properties of tyramine sensors in Table 1 

shows that the Ag-substituted ZnO modified GCE exhibits high sensitivity and wide linear range 

response for tyramine determination.   
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 Figure 7. (a) The recorded amperogaram response of Ag-substituted ZnO modified GCE in 0.1 M 

PBS pH 7.0 at 0.7 V and rotating speed of 1000 rpm in successive addition of 1 µM tyramine 

solution and (b) calibration plot. 

 

 

 
Figure 8. The calibration plot of Ag-substituted ZnO modified GCE in 0.1 M PBS pH 7.0 at 0.7 V and 

rotating speed of 1000 rpm in successive addition of 100 µM tyramine solution. 
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Table 1. Comparison of the sensing properties of Ag-substituted ZnO modified GCE with other 

reported literature for determination tyramine. 

 

Electrode  Technique  Linear 

Range 

(µM) 

limit of 

detection 

(µM)  

Sensitivity 

(µA/µM) 

ref 

Ag-substituted ZnO modified 

GCE 

Amperometry 1-900  0.03  0.90281 

0.89739 

This 

work 

MWCNT-AuNPs/chitosan/ 

molecularly imprinted 

polymer /GCE 

Amperometry 0.3-10  0.057 - [25] 

Indium tin oxide/3-

aminopropyltriethoxysilane/ 

reduced graphene oxide 

DPV 1-100 0.0001 0.2137 [26] 

Carbon-fiber microelectrodes CV 0.1–10 0.057 - [20] 

Carboxyl functionalized 

carbon nanotube 

Amperometry 5–180 0.62 0.7414  [21] 

Phosphate-doped polypyrrole 

film 

Amperometry 4–80 0.57 0.1069 [27] 

 

 

Interference response of Ag-substituted ZnO modified GCE was studied for tyramine 

determination through amperometry technique in the addition of various substances. Table 2 presents 

the recorded electrocatalytic currents response of Ag-substituted ZnO modified GCE in 0.1 M PBS pH 

7.0 at 0.7 V in successive additions of 1 µM tyramine solution and 10 µM of various substances. As 

observed, the modified electrode illustrates significant electrocatalytic currents to additions of 

tyramine solution and there are not any considerable recorded electrocatalytic currents for the additions 

of other substances.  

 

Table 2. The recorded electrocatalytic currents response of Ag-substituted ZnO modified GCE in 0.1 

M PBS pH 7.0 at 0.7 V in successive additions of 1 µM tyramine solution and 10 mM of 

various substances. 

 

Specie  Added 

(µM)  

Electrocatalytic 

current density (µA)  

RSD (%) 

tyramine 1 0.913 ±0.013 

Mg2+ 10 0.011 ±0.008 

Ca2+ 10 0.014 ±0.009 

llysine 10 0.013 ±0.007 

l-cysteine 10 0.021 ±0.009 

l-asparagines 10 0.017 ±0.007 

N-acetyl-l-cysteine 10 0.011 ±0.008 

glycine 10 0.015 ±0.005 

phenylalanine 10 0.016 ±0.008 

glutathione 10 0.019 ±0.009 
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Therefore, the summarized substances in Table 2 do not interfere with detection of Gallic acid 

on Ag-substituted ZnO modified GCE surface. Moreover, the recorded response of modified to 

addition tyramine shows that there is selectivity and reliable response to addition tyramine on modified 

electrode surfaces.  

Applicability of the Ag-substituted ZnO modified GCE was studied to tyramine determination 

in prepared real sample of beer through amperometry technique in pH 7.0 at 0.7 V. Figure 9 presents 

the recorded amperogaram response of modified GCE in successive addition of 1 µM tyramine 

solution and calibration plot. Therefore, the tyramine concentration in solution of cell and beer are 

obtained 0.136 µM and 0.272 µM, respectively. Furthermore, Analytical applicability of the Ag-

substituted ZnO modified GCE was also evaluated to determine tyramine in beer samples. The results 

of this study are presented in Table 3 which indicates the obtained recovery (more than 83.00%) and 

relative standard deviation (RSD) (less than 2.81%) values are acceptable. Accordingly, the results 

show the reliable application of Ag-substituted ZnO modified GCE for the determination of tyramine 

in food samples. 

 

 

 

 

 

Figure 9. (a) The recorded amperogaram response of Ag-substituted  ZnO modified GCE in prepared 

real sample of beer  pH 7.0 at 0.7 V and rotating speed of 1000 rpm in successive addition of 1 

µM tyramine solution and (b) calibration plot . 
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Table 3. Results of practical determination of tyramine in beer samples (n = 5) 

 

Sample Added (µM) Fund (µM) Recovery 

(%) 

RSD (%) 

beer 1.00 0.83 83.00 2.11 

2.00 1.78 89.00 2.82 

3.00 2.85 95.00 2.10 

4.00 3.65 91.25 1.25 

 5.00 4.68 93.60 1.97 

 

 

 

 

4. CONCLUSION 

In this work, Ag-substituted ZnO nano-flower modified GCE was studied for determination of 

tyramine. Ag-substituted ZnO nano-flowers were prepared through the spray pyrolysis method on 

GCE. The SEM, XRD, EIS, CV and amperometry analyses were applied to characterize the structural 

and electrochemical properties of prepared electrodes.  Results showed that the high porosity, high 

surface area and high density of nano-flower structures were synthesized on GCE. XRD analysis of 

nano-flower indicated the substitution of silver in ZnO lattice and nano-flowers were grown in 

hexagonal wurtzite for ZnO and fcc phase of silver. EIS measurements showed that the charge-

transfer resistance was decreased after the silver substitution process which can be related to high 

conductivity of substituted silver on ZnO structure. CV measurements exhibited the stable response of 

Ag-substituted ZnO modified GCE for determination of tyramine. The amperometry measurements 

displayed the fast response of Ag-substituted ZnO modified GCE to successive addition of tyramine 

solution which indicate the linear range, limit of detection and sensitivity were obtained 1-900 µM, 

0.03 µM and 0.90281 µA/µM, respectively. Comparison sensing properties of prepared electrode with 

the other reported literature revealed that the Ag-substituted ZnO modified GCE exhibited high 

sensitivity and wide linear range response for tyramine determination. Study on the interference effect 

illustrated that prepared electrodes show selective and reliable response for tyramine determination. 

Applicability of the Ag-substituted ZnO modified GCE was studied to determine tyramine in beer as 

real sample through amperometry which indicates the tyramine concentration in real sample was 0.272 

µM. 
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