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Abstract: Zinc oxide nanoparticles (ZnONPs), multiwalled carbon nanotubes (MWCNTs) and 1,4-

benzoquinone (BQ) dispersed in chitosan (CS) matrix were used to construct a xanthine biosensor. 

Xanthine oxidase (XOx) was immobilized onto BQ-MWCNTs-ZnO–CS composite modified glassy carbon 

electrode (GCE) using glutaraldehyde as the crosslinking agent. The parameters of the construction 

process and the experimental variables for the biosensor were optimized. The xanthine biosensor 

showed optimum response within 10 s, and the sensitivity was 39.4 μA/mMcm2 at +0.25 V (vs. 

Ag/AgCl). The linear working range of the biosensor was found to be 9.0×10−71.1×10−4 M with a 

detection limit of 2.1×10-7 M. The biosensor exhibited good long-term stability and reproducibility. 

The presented biosensor was also used for monitoring the freshnesses of chicken and beef flesh.  
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INTRODUCTION  

 

Xanthine concentration in biological fluids is used as an index for the diagnosis of various disorders 

such as xanthinuria, renal failure and gout. Moreover, xanthine attracted much attention as a marker 

for estimating the meat freshness in food industry (1). Therefore, direct, rapid, accurate and low cost 

measurement of xanthine in samples is of great interest in clinical analysis and food industry. 

Electrochemical enzyme electrodes that combine the sensitivity of electroanalytical methods with the 

bioselectivity of the enzyme are promising alternatives for sensitive, specific and rapid determination 

of xanthine (2). 

 

Carbon nanotubes (CNTs) have been widely used in biosensor applications due to their unique 

properties such as high electrocatalytic effect, large surface area, mechanical strength, chemical 

stability, strong adsorption ability and biocompatibility (3, 4). Nowadays, the modification of CNTs 

with other nanomaterials such as metal or metal oxide nanoparticles (MONPs) is of great importance 

since the composite materials possess characteristics of the individual constituents and have favorable 

synergistic effects (5, 6).  It is well known that ZnO is a semiconductor with band gap of 3.37 eV and 

has some beneficial electronic and optical properties. ZnO nanoparticles also have potential in 

biosensing applications because of their unusual features including rapid electron transfer ability, 

chemical stability, biocompatibility, large surface area, high catalytic efficiency, non-toxicity, and 

strong adsorption ability (7, 8). ZnONPs and MWCNTs composite has already used in fabricating 

biosensors. Wang et al., reported the development of a lactate biosensor based on the synergistic 

action of MWCNTs and ZnONPs (9). Palanisamy et al., immobilized hemoglobin at MWCNTs/ZnO 

composite modified GCE to develop an amperometric biosensor for H2O2 determination (7). Haghighi 

and Bozorgzadeh decorated ZnONPs on MWCNTs to construct an electrochemiluminescence lactate 

biosensor (10). Ma and Tian fabricated a hemoglobin biosensor based on ZnO coated MWCNTs and 

nafion composite and studied the direct electron transfer and electrocatalysis of hemoglobin (11). 

Zhang et al., reported a ZnO/MWCNTs/CS nanocomposite based electrochemical DNA biosensor (12).  

Hu et al., constructed a glucose biosensor based on ZnO nanoparticle and MWCNTs modified GCE and 

investigated the direct electron transfer of glucose oxidase enzyme (13). 

 

The catalytic oxidation of xanthine in the presence of XOx enzyme takes place according to the 

following equation: 

22
XOx

2 OHacid UricOXanthine 
 

 

Electrooxidation of H2O2 generated by the enzymatic reaction is widely used for the amperometric 

determination of xanthine (14). High potentials used for the electrooxidation of H2O2 make the 

electrode sensitive to common interferences. The use of artificial electron transfer mediators including 

Prussian blue, colloidal gold, ferrocene and its derivatives, cobalt phthalocyanine and ferricyanide to 
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eliminate the influence of interferences is a common approach in xanthine enzyme electrodes (15, 16, 

17, 18). 

 

Herein, we report a novel biosensor based on MWCNTs, ZnONPs and BQ composite. Such composite 

is expected to give enhanced response characteristics towards xanthine due to the synergic action of 

its components. Moreover, the use of BQ is expected to provide an interference free biosensor by 

lowering the operating potential. To the best of our knowledge, no study has yet been published based 

on the MWCNTs, ZnONPs and BQ composite for the amperometric detection of xanthine. 

 

MATERIALS AND METHODS  

 

Reagents 

XOx from Microbial source, ZnONPs (<100 nm particle size (TEM)), K3Fe(CN)6, K4Fe(CN)6.3H2O, uric 

acid, sodium dihydrogen phosphate dihydrate, glutaraldehyde, disodium hydrogen phosphate 

dihydrate, Nafion, sodium benzoate, creatine, caffeine, theophylline and ascorbic acid were obtained 

from Sigma (St. Louis, MO, USA). Xanthine, BQ and glucose were purchased from Fluka (Buchs, 

Switzerland). MWCNTs (O.D. <8 nm; I.D. 25 nm; length 10–30 μm) were bought from Cheaptubes 

Inc. (Brattleboro, USA). CS (medium molecular weight) was obtained from Aldrich. Standard xanthine 

solution was prepared by dissolving xanthine in 0.10 M NaOH. All aqueous solutions were prepared 

using deionized water.  

 

Apparatus 

Electrochemical studies were carried out in a three-electrode cell.  Ag/AgCl electrode, platinum wire 

and GCE were employed as reference, counter and working electrodes, respectively. The 

electrochemical setup also involved a computerized IviumStat.h electrochemical analyzer (Ivium 

Technologies, Netherlands). Scanning electron microscopy (SEM) images were taken from 

Carl Zeiss AG, EVO® 50 Series. 0.1 M KCl aqueous solution containing 5.0 mM K3[(Fe(CN)6], 5.0 mM 

K4[(Fe(CN)6] (redox probe) was used for the cyclic voltammetry (CV) and electrochemical impedance 

spectroscopy (EIS) experiments. Cyclic voltammograms (CVs) were recorded between (‒1.0)‒(+1.0)V 

at a scan rate of 50 mV s-1. EIS experiments were conducted with a frequency range of 1060.5 Hz 

under open circuit potential (EOCP) conditions (0.2 V). Phosphate buffer solution (PBS; 0.05 M pH 7.5) 

was the supporting electrolyte for the amperometric measurements.  

 

Enzyme Electrode Preparation 

In this study, modified and unmodified GCEs were used as working electrodes. GCE was polished 

according to the procedure reported elsewhere (19). 0.50 g CS was dissolved in 50.0 mL acetate 

buffer solution (pH 5.0) under magnetic stirring. 10 mg MWCNTs and 10 mg ZnONPs were 

ultrasonicated in 10.0 mL CS solution to achieve a final concentration of 1 mg mL-1 MWCNTs and 1 

mg mL-1 ZnONPs. 10 mg BQ was added to MWCNTs-ZnO-CS mixture and ultrasonicated. 10 µL of the 
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BQ-MWCNTs-ZnO-CS mixture was cast onto the GCE surface and allowed to dry for 2 h at room 

temperature. 10 μL XOx solution (0.025 Units μL−1) was drop-cast on BQ-MWCNTs-ZnO-CS/GCE 

surface and allowed to dry. XOx/BQ-MWCNTs-ZnO-CS/GCE was treated with glutaraldehyde vapor for 

10 min to achieve the crosslinking of the enzymes. 7.5 μL Nafion solution (0.25%) was cast on the 

resulting electrode and dried. The fabrication procedure of the xanthine biosensor is shown in Scheme 

1. 

 

Scheme 1. The fabrication procedure for the XOx/BQ-MWCNTs-ZnO-CS/GCE. 

 
MWCNTs  ZnO 

 
BQ 

 
XOx  CS  GA  Nafion 

 

RESULTS AND DISCUSSION  

 

Morphological studies 

SEM images of (a) ZnO-CS/GCE, (b) BQ-CS/GCE, (c) MWCNTs-ZnO-CS/GCE, (d) BQ-MWCNTs-ZnO-

CS/GCE and (e) XOx/BQ-MWCNTs-ZnO-CS/GCE are depicted in Figure 1. Images a and b show that 

ZnONPs or BQ are well dispersed in CS matrix. In image c structures corresponding to MWCNTs and 

ZnONPs can be seen. The porous structure of the resulting BQ-MWCNTs-ZnO composite (image d) is 

very suitable for enzyme immobilization. After XOx immobilization the porous structure of the BQ-

MWCNTs-ZnO-CS composite changed to a more regular form (image e). 

 

 

                

 

(a) (b) 
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Figure 1. SEM images of (a) ZnO-CS/GCE, (b) BQ-CS/GCE, (c) ZnO-MWCNTs-CS/GCE, (d) BQ-

MWCNTs-ZnO-CS/GCE, (e) XOx/BQ-MWCNTs-ZnO-CS/GCE (20 µm; EHT = 15.00 kV; Mag = 750×) 

 

Electrochemical studies 

Electrochemical characteristics of the modified and unmodified electrodes were investigated by CV and 

EIS studies. Figure 2A shows the CVs recorded for BQ-MWCNTs-ZnO-CS/GCE (curve a) and XOx/BQ-

MWCNTs-ZnO-CS/GCE (curve b) in [Fe(CN)6]3−/4− redox probe. Oxidation and reduction peaks 

corresponding to the redox probe were obtained at BQ-MWCNTs-ZnO-CS composite modified GCE 

(curve a). After the XOx enzyme was introduced into the composite peak currents decreased 

dramatically indicating that the immobilized enzyme layer hindered the electron transfer (curve b) 

(20).  

 

Figure 2A. CVs of (a) BQ-MWCNTs-ZnO-CS/GCE and (b) XOx/BQ-MWCNTs-ZnO-CS/GCE in 0.10 M 

KCl solution containing 5.0 mM Fe(CN)6
3-/4- at 50 mVs-1. 
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Figure 2B. CV of BQ-MWCNTs-ZnO-CS/GCE in 0.05 M PBS containing 0.1 M KCl at 50 mVs−1. 

 

The CV of BQ-MWCNTs-ZnO-CS/GCE recorded in 0.05 M PBS containing 0.1 M KCl (Figure 2B) 

exhibited one anodic peak (Epa= +0.18 V) at forward scan of the potential and one cathodic peak 

(Epc=+0.02 V) at backward scan of the potential. These peaks correspond to the oxidation and 

reduction peaks of BQ (21). 

 

The Nyquist plot (Figure 3) shows EIS studies of unmodified GCE (curve a), BQ-MWCNTs-ZnO-CS/GCE 

(curve b) and XOx/BQ-MWCNTs-ZnO-CS/GCE (curve c). In Nyquist plot the diameter of the semicircle 

portion at higher frequencies corresponds to the charge transfer resistance (Rct), which controls the 

electron transfer kinetics of the redox probe at the electrode interface (22). In our study the Rct of 

BQ-MWCNTs-ZnO-CS/GCE (55 ) was found to be lower than the Rct of the bare GCE (1250 ). This 

indicates a decreased resistance and improved electron transfer efficiency for the BQ-MWCNTs-ZnO-

CS/GCE. After immobilization of XOx onto BQ-MWCNTs-ZnO-CS composite, the value of Rct, increased 

to 480  revealing that the immobilization of XOx cause hindrance to electron transfer due to the 

insulating property of the enzyme. The increase in Rct further confirms the successful immobilization 

of the enzymes onto the BQ-MWCNTs-ZnO-CS composite.  
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Figure 3. The Nyquist curves of in (a) unmodified GCE, (b) BQ-MWCNTs-ZnO-CS/GCE and (c) 

XOx/BQ-MWCNTs-ZnO-CS/GCE in 0.10 M KCl solution containing 5.0 mM Fe(CN)6
3-/4-. 

 

Optimization studies 

Effects of MWCNTs, ZnONPs, BQ and enzyme amount were studied in order to optimize the 

composition of the biosensor. All optimization studies were conducted in 0.05 M PBS (pH 7.5) 

containing 0.05 mM xanthine and response currents of the biosensor were recorded. Effect of MWCNTs 

amount on biosensor response was investigated using different MWCNTs amounts as 0.5 mg mL-1; 

1.0 mg mL-1; 1.5 mg mL-1; 2.0 mg mL-1 and 2.5 mg mL-1. 10 μL of these solutions were used for 

electrode construction and the amperometric response of the electrodes were recorded. The highest 

current response was observed with the electrode prepared with 1.0 mg mL−1 MWCNTs and this value 

was selected as the optimum MWCNTs amount. MWCNTs amounts higher than 1.0 mg mL−1 did not 

increase the biosensor response.  

 

Different ZnONPs amounts from 0.5 mg mL-1 to 4.0 mg mL-1 were used for biosensor construction to 

study the the effect of ZnONPs amount on biosensor response. The highest biosensor response was 

obtained with 1.0 mg mL-1 ZnONPs and this value was used for all further experiments. BQ amount 

was varied between 0.5 mg mL-1 and 3 mg mL-1 to optimize the mediator amount. The response 

current of the biosensor increased with the mediator amount up to 1 mg mL-1 and then decreased 

with increasing BQ amount. Therefore, 1.0 mg mL-1 BQ was used for biosensor construction. The 

decrease in the response current of the biosensor at high MWCNTs, ZnONPs or BQ concentrations 

could be due to an increase in the diffusion barrier for the electroactive species toward electrode 

surface (6-19). 

 

Various XOx amounts (0.06; 0.12; 0.25 and 0.50 U) were immobilized onto the BQ-MWCNTs-ZnO-

CS/GCE to optimize the enzyme amount (Figure 4). It is clear from the figure that the response current 

increased from 0.06 to 0.25 U and then decreased. The highest response current was recorded with 
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0.25 U XOx and this value was selected as the optimum enzyme loading. The current decrease at 

higher enzyme loading (0.25 U) may be attributed to the blocking of the electrode surface by the 

large amount of immobilized protein (23, 24). 

 

 

 

 

Figure 4. Effects of (a) MWCNTs, (b) ZnONPs, (c) BQ and (d) XOx amount on the response of the 

XOx/BQ-MWCNTs-ZnO-CS/GCE (in 0.05 M PBS at +0.25 V, error bars indicate the standard 

deviation of three measurements). 

 

Operating potential is another critical parameter for biosensor response and selectivity. The 

amperometric response of the xanthine biosensor to 0.05 mM xanthine was measured at different 

operating potentials between (+0.10)(+0.30) V. This potential range was selected due to the 

oxidation and reduction peaks of BQ (Figure 2B). The highest biosensor response was recorded at 

+0.25 V (data not shown). Therefore, all further measurements were performed at +0.25 V.  

 

In this study, we have used BQ as the artificial electron transfer mediator in order to minimize the 

effects of common interfering substances normally present in real samples. The purposed response 

mechanism for the XOx/BQ-MWCNTs-ZnO-CS/GCE can be illustrated as follows: 
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BQHXOxBQXOx 2oxred 
 

BQBQH V) 0.25( Electrode
2   

 

 

In the response mechanism of the presented biosensor BQ accepts electrons from the reduced XOx 

and H2BQ is produced. At an operating potential of +0.25 V H2BQ is reoxidized to form BQ on the 

surface of the electrode. The current is directly proportional to xanthine concentration. 

 

The effect of pH on biosensor response was studied in the pH range of 6.0-8.5 in the presence of 0.05 

mM xanthine. Figure 5 shows that the optimum response current was obtained at pH 7.5, and this pH 

was selected as the optimum pH. This value is compatible with the pH values reported for the previous 

xanthine biosensors (25-27).   

 

 

Figure 5. Effect of pH on the response of the XOx/BQ-MWCNTs-ZnO-CS/GCE (in 0.05 M PBS at 

+0.25 V, error bars indicate the standard deviation of three measurements) 

 

 

Analytical characteristics  

The amperometric response of the biosensor to successive injection of xanthine was studied. The 

biosensor showed a fast response to xanthine and achieved 95% of steady current within 10 s. The 

relationship between response current (μA) and xanthine concentration was linear from 9.0×10−7 to 

1.1×10−4 M with the linear equation being Δi = 2.80 c + 0.02 (R2=0.992) (Figure 6). Detection limit 

of the xanthine biosensor was calculated according to the 3Sb/m criterion where m is the slope of the 

calibration curve and Sb was estimated as the standard deviation of 10 different amperometric signals 

recorded for the lowest xanthine concentration (0.9 µM) in the linear range and found as 2.1×10−7 M 

(28). The sensitivity of the biosensor was found to be 39.4 μA/mMcm2. This detection limit is much 

lower than the detection limits obtained in previously reported xanthine biosensors (17, 29, 30). 

Similar detection limits for xanthine biosensors were also reported in the literature (1, 31, 32). 
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Figure 6. Calibration graph of XOx/BQ-MWCNTs-ZnO-CS/GCE after successive xanthine injections 

into a stirred solution of PBS (0.05 M; pH 7.5) at an operating potential of +0.25 V. 

 

Successive calibration curves (n=5) were obtained by the use of the same electrode to determine the 

repeatability of the xanthine biosensor. The relative standard deviation (RSD) of the sensitivity values 

was 4.0% revealing the good repeatability of the XOx/BQ-MWCNTs-ZnO-CS/GCE. The long-term 

stability of the XOx/BQ-MWCNTs-ZnO-CS/GCE was studied by recording the current response at a 

xanthine concentration of 0.5 mM over a period of 25 days. The biosensor was stored at 4 °C between 

the measurements under a dry atmosphere. The XOx/BQ-MWCNTs-ZnO-CS/GCE maintained 95% of 

the initial current response even after about 25 days. This suggests that use of BQ-MWCNTs-ZnO-CS 

composite ensures good stability of the biosensor.  

 

The selectivity study of the XOx/BQ-MWCNTs-ZnO-CS/GCE was performed by comparing the 

amperometric response before and after the injection of various interferents such as glucose, ascorbic 

acid, sodium benzoate, uric acid, and creatine along with xanthine in 0.05 M PBS. Amperometric 

responses were obtained by injection of 0.03 mM xanthine and 0.01 mM interfering species. The 

interference was determined as the percentage of the current signal obtained for detecting 0.03 mM 

xanthine, which was contributed by the addition of a particular interfering substance. The results 

showed that, sodium benzoate, glucose, creatine, caffeine, and theophylline practically have no 

interference in the analysis of xanthine. The interference caused by ascorbic acid and uric acid to 0.03 

mM xanthine was about 2% and 10% respectively. The good selectivity of the presented biosensor 

towards xanthine detection may be attributed to the low operating potential of +0.25 V and presence 

of Nafion layer that can minimize the interference effect.  

 

To evaluate the performance of the presented xanthine biosensor, a comparison of different 

parameters obtained by various biosensors for xanthine detection are given in Table 1. The results 
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presented in this table show that the different characteristics of the proposed biosensor are better in 

some cases or comparable with the other xanthine biosensors reported so far. 

 

Analysis of meat samples 

To evaluate the possible analytical application of the xanthine biosensor, the variation of xanthine 

content in meat samples with storage time was investigated.  

 

For this purpose, chicken meat was chopped and homogenized. This homogenate was then portioned 

into five equal parts. One of these parts was then mechanically stirred for 45 min in 20 mL of deionized 

water for xanthine extration and then centrifuged at 4000 rpm for 10 min. This homogenate was 

filtered through a Whatman filter membrane. The filtrate was diluted to 25.0 mL with deionized water. 

The same sample preparation route was applied to the other meat sample (beef). To study the effect 

of storage time on freshness of meat, the other parts were stored at +4°C up to 9 days and the 

samples were analyzed for xanthine concentration every 2 days. The xanthine concentration in chicken 

and beef meat were measured by the purposed biosensor at different storage times ranging from 1 to 

9 days using the standard addition method. Aliquots of standard xanthine solution was added to 

several portions of the chicken and beef meat extracts, to obtain a multiple addition calibration curve. 

Xanthine concentration in chicken and beef meat extracts calculated from the calibration curves were 

0.36±0.01 and 0.47±0.01 mg L-1 (n=3) on the first day, respectively. Figure 7 shows the results of 

the real sample analysis. It is clear from the figure that xanthine content increased with the storage 

time of meat samples. It was 5.4 times higher for the chicken sample and 1.6 times higher for the 

beef sample at day 9 than those at day 1. The increase in xanthine accumulation with storage time is 

an expected result (32). The experimental results indicated that the presented XOx/BQ-MWCNTs-

ZnO-CS/GCE can be used for the monitoring of xanthine accumulation with storage time in meat 

samples.  

 

Figure 7. Variation of xanthine level in chicken (a) and beef (b) during storage at +4ºC. 
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Table 1. Comparison of various amperometric xanthine biosensors reported in the last decade. 

Enzyme 
/Working 
potential 

Electrode 
composition/Immobilization 
technique 

Linearity/Detection limit Resp. 
time 

Interf. Storage 
stability 

Ref. 

XOx/−0.4V vs. 
SCE 

Silica sol-gel film/XOx/CNT/GCE  0.2–10 µM/0.1 µM  6 s − 5% loss 
after 90 

days 

[33] 

XOx/0.05 V 
vs. Ag/AgCl 

PB/SPTE/Cross-linking 1×10–7−4.98×10–6 M /0.10 µM − − − [18] 

XOx/−0.05 V vs. 
Ag/AgCl 

Graphite electrode modified with 
platinum and and palladium 

1.5–70 µM/1.5 × 10−6 M  60 s AA, UA 
(nr) 

− [27] 

XOx/+0.4 V 
vs. Ag/AgCl 

Au-NPs/PVF/Pt 
 
Pt-NPs/PVF/Pt/Electro deposition 

2.5×10−6−5.6 10-4 M/0.75 µM 
 

2.0×10−6−6.6 10-4 M /0.60 µM 

− AA 
(17.2%) 

 

AA 
(20.5%) 

18 days 
(40% loss) 

23 days 

(40% loss) 

[26] 

XOx/+0.5 V 

vs. Ag/AgCl 

PVF-perchlorate matrix/Pt 

electrode/Electro deposition 

4.3×10−7−2.84×10−3  M/0.13 

µM 

15 s AA, UA  

(nr) 

25 days 

(42% loss) 

[34] 

XOx/+0.05 V vs. 
Ag/AgCl 

Phenazine methosulfate as mediator/ 
Edge-plane pyrolytic graphite/ 

Adsorpsion 

1.0×10−5−1.8×10−3 M/0.25 nM − AA, UA 
(nr) 

4 weeks 
(22% loss) 

[35] 

XOx/+0.25 V 
vs. Ag/AgCl 
 
 
XOx/+0.30 V 

vs. Ag/AgCl 

1,4-benzoquinone/CPE 
  
 
 
PVF/CPE/Cross-linking 

1.9×10–7 −5.5×10–6 M and 
5.2×10–5−8.2×10–4 M/0.1 µM 

1.9×10–7−2.1×10–6 M; 
1.9×10–6 −1.0×10–5 M and 

5.2×10–5 −8.2×10–4 M/0.1 µM 

100 s 
 
 

50 s 

AA 
(18.2%), 

UA (3.6%) 
AA(18.4%)

, UA 

(2.5%) 

14 days 
 
 

7 days 

[25] 

XOx/+0.50 V 
vs. Ag/AgCl 

CS/Fe-NPs@Au/PGE/Electro 
deposition 

1×10–7 −3×10–4 M/0.1 µM 3s AA (10%), 
UA (nr) 

100 days 
(25% loss) 

[1] 

XOx/+0.50V vs. 

Ag/AgCl 

Gold coated Fe-NPs/CS/Covalent 

immobilization 

1–300 µM/0.1 µM  3s AA 

(nr) 

25% loss 

after 100 
days 

[36] 

XOx/+0.35 V vs. 
Ag/AgCl 

Poly(glycidyl methacrylate-co-
vinylferrocene)/MWCNT/PGE/Covalent 
immobilization 

2×10–6 −2.8×10–5 M;  
2.8×10–5 −4.6×10–5; 

4.6×10–5 −8.6×10–5/0.12 µM 

4 s AA, UA 
(nr) 

25 days 
(30% loss) 

[28] 

XOx/+0.25 V vs. 

Ag/AgCl 

XOx/BQ-MWCNTs-ZnO-

CS/GCE/Cross-linking 

9.0×10−71.1×10−4 M/2.1×10-7 

M 
 

10 s AA (2%), 

UA (10%) 
 

25 days 

(5% loss) 
 

This 

work 

*SPTE : screen-printed three-electrode; PVF : polyvinylidene fluoride; CPE: carbon paste electrode; PGE : pencil graphite electrode; nr:no response 
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CONCLUSION 

A new biosensor for xanthine analysis was developed based on the BQ-MWCNTs-ZnO-CS 

composite modified GCE. The purposed biosensor exhibited a low response time (10 s), 

satisfactory repeatability (4.0%), good sensitivity (39.4 μA/mMcm2), wide linear range 

(9.0×10−71.1×10−4 M), and low detection limit (2.1×10-7 M). Moreover, the biosensor 

showed good selectivity due to the low operating potential. In conclusion, the presented 

biosensor can be utilized to detect the xanthine content in chicken and beef samples for 

the evaluation of meat freshness.  
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