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ABSTRACT 
 

Xanthine oxidase (XOD) was extracted from bovine milk. Immobilization of extracted XOD was performed by covalently N-
ethyl-N'-(3-dimethylaminopropyl) carbodiimide (EDC) and N-hydroxy succinimide (NHS) chemistry on core–shell magnetic 
nanoparticles (MNPs)/carboxylated multiwalled carbon nanotube (c-MWCNT) composite film. The film was electrodeposited 
on glass plate electrode (usually the surface of fluorine doped tin oxide (FTO). In order to characterize nanocomposite modified 
FTO electrode, various methods including scanning electron microscopy (SEM), cyclic voltammetry (CV), Fourier transform 
infrared (FTIR), and electrochemical impedance spectroscopy (EIS) were performed. These methods were evaluated prior and 
following XOD immobilization. The working optimal conditions for instance 30 °C, +0.2 V vs. Ag/AgCl, sodium phosphate 
buffer at pH 7.0 were attributed for developing this biosensor. The linearity of the response upto 150 μM xanthine 
concentration, 0.05 μM (S/N = 3) detection limit and a response time within 3 s were obtained. The biosensor was stored at         
4 °C and used above 100 times for a long period of 120 days. The loss of 50 % of activity was noticed. This fabricated 
biosensor was then employed determining xanthine in fish meat sample. Copyright © 2016 VBRI Press. 
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Introduction  

Xanthine (3, 7-dihydro-purine-2, 6-dione), a derivative 
obtained from hypoxanthine (a purine based compound) 
and guanine, is functionally catalyzed by guanine 
deaminase and xanthine oxidase. The pathological 
conditions which determine the elevated levels of xanthine 
in urine and blood samples are usually indicated by 

hyperuricemia, xanthineuria, gout and renal failure [1, 2]. 
Besides clinical diagnostics, xanthine is of great 
significance in food industry. High quality fish meat 
products in food industries require ATP of dead fish which 
consequently degrades into xanthine and increases during 
storage. Thus xanthine as an indicator for fish freshness is a 

compelling derivative product [3]. Presently, Xanthine is 
empirically analyzed by various methods including 

enzymatic colorimetric [4]; enzymatic fluorometric, 

fluorometric mass spectrometry fragmentography [5], 

HPLC [6] and hair like segment gas chromatography [7]. 
Although many pitfalls of these methods are widely noticed 
involving laborious procedure for sample preparation, need 

special reagents and requirement of costly equipments [8]. 
Considering sensitivity, rapid analysis and low cost 
delivery are advantageous parameters while using 
biosensing methods. Furthermore using biosensing 
technology, a simple method with electrochemical signals, 
provides a good alternative over various traditional 

analytical techniques [9, 10]. 
Integration of nanomaterials in biosensors can further 

enhance the properties of these biosensors. The 

nanomaterials including nanoparticles, nanowires, 
nanotubes and nanochannels are previously incorporated in 

biosensing systems [11, 12]. Nanomaterials may generate 
novel interfaces which act as effective labels and amplify 
analysis. Furthermore, nanomaterials offer various 
advantages including stability, durability, better sensitivity, 
accuracy, detection range and faster response time. In few 
years, nanomaterials are of considerable interests 
manifesting unique properties in specific fields i.e., 
catalytic, electronic, and magnetic properties differ and 
usually applicable as compared to their larger counterparts. 
Oxide nanoparticles are immensely biocompatible and 
mainly applied to immobilize various biomolecules, 
whereas semiconductor nanoparticles are utilized to trace 

or label electrochemical analysis [13]. Although some 
nanoparticles are dismally and non-uniformly crystallized 
e.g. Iron oxide nanoparticles (Fe3O4) and some 

nanocomposites [14], however several core-shell 
nanomaterials and nanocomposites are interestingly 
beneficial which are widely developed for various 
biosensor applications for instance the silica coating of 
nanoparticles. This is an effective tool as both core & shell 
structure can be utilized considering their valuable 

properties [15, 16]. Nano-Fe3O4 has hydrophilic surface 
and additionally act as a nanoscale electrode to enhance the 
transfer of electrons between the electrode surface and 
electro active Ferri/Ferro species. Since this combination 
form a permeable nano structure, the nano sized silica 
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seems a good biocompatible material for construction of 

various biosensors [17]. 
In the field of biosensing, the multiwalled carbon 

nanotubes (MWCNTs) are compelling component having 
their unique mechanical, electronic and structural and 
functional characteristics. Since MWCNTs possess 
plentiful surface area, splendid electrical conductance and 
superior chemical stability which make them a favorable 

constituent for protein immobilization [18, 19]. Together 
with metal nanoparticles, CNTs may serve as promising 
catalyst support forming a composite with a superb activity 
for some small molecules. 

We hereby propose a precise construction of an 
amperometric xanthine biosensor thoroughly based upon 
electrochemical deposition of core–shell magnetic 
nanoparticles (MNPs) and MWCNT onto FTO electrode to 
form a composite layer of working electrode. After 
construction certain tools e.g., cyclic voltammetry and 
impedance spectroscopy were used to determine the 
electrochemical response of MNPs/MWCNT film. The 
analytical performance of the MNPs/MWCNT modified 
electrode was then evaluated with respect to detection limit, 
linearity, stability and reproducibility. To our knowledge, 
this is a first demonstration with the combination of MNPs 
and MWCNTs to achieve high selectivity with pure 
sensitivity for xanthine detection in fish. 

 

Experimental 

Chemicals and reagents 

Xanthine oxidase (XOD) (E.C.1.1.3.2) obtained from 
buttermilk (0.15 U/mg), xanthine extrapure, N-ethyl-N’-(3-
dimethylaminopropyl) carbodiimide (EDC) and N-
hydroxysuccinimide (NHS) from SRL, Mumbai, India were 
used. Carboxylated multi-walled carbon nanotubes 
(Functionalized MWCNT or c-MWCNT) (12 walls, length 
15–30 µm, Purity 90 %, Metal content: nil) from Intelligent 
Materials Pvt. Ltd., Panchkula (Haryana) India were used. 
Tetraethylorthosilicate (TEOS) and fluorine-tin-oxide 
(FTO) coated glass plate (100 mm × 100 mm × 2.3 mm) 
with a typical resistance of approximately ~7 Ω/Sq. from 
Sigma–Aldrich, St. Louis, USA were purchased. Deionized 
water (DW) was used throughout the experiments. All 
chemicals and materials used were of only analytical 
reagent grade. 
 
XOD assay  

XOD has previously been reported to catalyze the 
following reaction.  
                                      XOD  
Xanthine + O2 + H2O                    Uric acid + H2O2  
 

The rate of formation of urate from xanthine is 
determined by measuring increased absorbance at 290 nm 
due to uric acid. Bergmeyer et al. reported the assay for 
determining xanthine which is conducted in a test tube with 
certain modification based on xanthine oxidation to uric 

acid through XOD [20]. 1.8 mL of 50 mM sodium 
phosphate buffer (pH 7.0), 0.1 mL xanthine (0.15 mM) and 
0.1 mL XOD (0.15 U/mg) were prepared. At 290 nm, an 
increase of absorbance was noticed compare to blank using 

Spectrophotometry. The following formula is used to 
calculated activity: 
 
                     ∆A/min × 1000× 3 mL × df 
Units/mL =  
                        1.22 × 104 × 0.1 mL 

 
(where, total vol. of the reaction mixture (mL) = 3 mL, 
Extinction Coeff. of uric acid = 1.22 × 104 cm−1, volume of 
enzyme used (mL) = 0.1 mL, df = Dilution factor)  
*One unit will convert 1.0 n mole of xanthine to uric acid 
per min. per mL at pH 7.5 at 25 °C.  
 
Preparation of MNPs  

A typical procedure is followed for synthesis of MNPs. In 
this process, 0.4 M hydrochloric acid and 0.7 M ammonia 
solution were given N2 for 10 min. Then 8.5 g FeCl3·6H2O 
and 3 g FeCl2·4H2O were mixed in 38 ml of 0.4 M 
hydrochloric acid. Following mixing, 375 ml NH3 solution 
was added under vigorous stirring at room temperature. The 
solution was stirred for half an-hour and the precipitates 
were extracted via magnetic force. After washing 3 times 
with water, the precipitates were then diluted with 150 ml 
DW. Following, magnetic MNPs core was coated by silica.  
The prepared 20 ml of MNPs was added to 200 ml of 
Isopropyl alcohol and further sonicated for 20-25 min. 
After sonication, 10 ml ammonia solution (28 wt.%), PEG 
(5.36 g) with 20 ml water and 1.2 ml TEOS were merged 
and the solution was kept for another 24 h with continuous 
stirring at room temperature. Once the reaction was 
completed, the solution was centrifuged at 4000 rpm for      
5 min and then further sonicated twice with ethanol and 
distilled water. The lyophilization was applied to collect the 
core–shell MNPs.  
 
 Deposition of MNPs onto c-MWCNTs  

The deposition of MNPs onto c-MWCNTs was prepared by 

Jain et al, 2015 with small modifications [21]. First, 0.265 g 
MNPs was dispersed into 200 mL of DW by stirring. After 
adding 1.0 mg of c-MWCNTs to the solution, ultrasonic 
treatment was given for 10 min. Finally, 0.4 mol L−1 
sodium hydroxide was given drop-by-drop into the solution 
to make pH of 7.0. MNPs/c-MWCNTs solution was stirred 
for about 30 min and then desiccated for 2 h at 50-55 oC. 
The solution was centrifuged at 5000 x g for 10-15 min for 

separating the product in the mixture [22]. A black colored 
precipitate was obtained which was washed with the DW 
maintaining pH 7.0. Pure methanol treatment was given to 
MNPs/c-MWCNTs composites the product was then 
desiccated for 6 h at 50 ºC.  

 
Construction of MNPs/c-MWCNT modified FTO electrode 

An electrochemical cleaning of FTO electrode was done by 
setting the electrode having potential range of +1.6 and 
−0.4 V in 0.5 mol L−1 H2SO4. The process is stopped once a 
stable voltammogram was acquired. The electrodeposition 
of MNPs/c-MWCNTs nanocomposite onto FTO electrode 
was formulated in an electrochemical cell connected to 
potentiostat/galvanostat. FTO electrode in a 25 mL solution 
containing 22 mL electrolyte (2.5 mmol L−1 
K3Fe(CN)6/K4Fe(CN)6 [1:1]) and 3 mL nanomaterial was 
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immersed and 20 -30 cycles of −0.2 to +0.6 V were applied 
at a fast scan rate of 50 mV s−1. The unbound nanomaterial 
was removed from prepared MNPs/c-MWCNTs/FTO 
electrode by wiping completely with DW and then stored it 
in petri plate at 4 ◦C.  

 
 XOD enzyme immobilization on FTO electrode coated 
with MNPs/c-MWCNT composite film  
 
A covalent immobilization of enzyme XOD was performed 
on FTO electrode coated with MNPs/c-MWCNT 
composite film by EDC and NHS coupling explained by 

Rahman et al. with some modifications [23]. Firstly, 0.1 M 
sodium phosphate buffer were used to activate a free and 
unbound –COOH groups of MNPs/c-MWCNT composite 
film by dipping in it with the pH of 7.5 having EDC and 
NHS of 10 mM concentration for the period of 
approximately 6 h. Excess of EDC and NHS was 
thoroughly washed away by 0.05 M sodium phosphate 
buffer (pH 7.4). In last, electrode was treated with EDC–
NHS and further incubated in 5 mL 0.05 M sodium 
phosphate buffer of pH 7.4 having XOD (24 U) for 3 h at    
4 °C. The electrode was then washed with same 
concentration of sodium phosphate buffer (pH 7.4). The 
immobilized enzyme electrode was then dried and kept in 
refrigerator at 4 °C. 
 
Measurement by cyclic voltammetric for testing xanthine 
biosensor 
 
XOD/MNPs/c-MWCNT/FTO electrode (working 
electrode) was evaluated in the form of cyclic 
voltammogram (CV). Potentiostat–galvanostat ranging -0.4 
to +0.4 V working electrode vs Ag/AgCl as reference and 
Pt wire as counter electrode were submerged in 15 mL 
(0.05M) of sodium phosphate buffer having pH 7.5 which 
contain 0.15 mM xanthine (0.5 mL). The highest response 
was observed at +0.2 V considering this voltage as a 
standard for subsequent amperometric studies. In next 
studies, the modified electrode (XOD/MNPs/c-
MWCNT/FTO electrode), the reference electrode and the 
counter electrode were all together submerged in 25 mL 
0.05 M sodium phosphate buffer having pH 7.4. The 
xanthine solution at various concentrations was added to 
start reaction in the mixture and the generated current (mA) 
was measured at +0.2 V. 
 
Optimization and evaluation of xanthine biosensor 

The conditions which experimentally affect biosensor 
response were thoroughly studied. These conditions are 
incubation temperature, influence of pH, time of response 
and xanthine concentration as a substrate. Taking into 
account of optimum pH, the varied ranges from 3.0 to 8.0 
at an interval of 0.5 were considered. Likewise, an optimum 
temperature was decided while the reaction mixture was 
incubated at various temperatures ranging from 20–50 ºC 
having difference of 5 ºC. The incubation time between     
1–10 s with 1 s intervals were evaluated. At various 
xanthine concentrations for biosensor response 
measurements were estimated ranging from 0.05 µM to    
120 µM with the difference in concentration of 20 μM.          

Finally, the biosensor performance was recorded based on 
their limit of detection, linear range, recovery, repeatability 
(precision), reproducibility and stability during storage. 

 

 
 
Scheme 1. Schematic representation of stepwise amperometric xanthine 
biosensor fabrication process. 

 
Amperometric determination of xanthine in fish meat 

Firstly, Labeo fish was minced and then homogenized in    
10 mL 0.5 M HClO4 making a fine paste for attaining 
proteins present in the sample. Centrifugation at 4000 rpm 
for 5-10 min was performed for the denatured sample 
proteins after stirred for about 10 min. The supernatant was 
separated and adjusted for pH of 7.0 with NaOH. After 10 
times dilution, the supernatant (fish meat extract) of 
denatured solutions were divided into two segments. One 
segment was kept at room temperature and another one was 
used immediately. In order to determine xanthine 
content/concentration in fish meat extract, the procedure 
followed was same as described previously in sensor’s 
response measurement. This measurement was taken for 
xanthine sample under optimal working conditions. The 
calculation of xanthine content in the sample was done by 
interpolating a calibration curve between xanthine 
concentrations vs current (mA).  

 

Results and discussion 

The preparation of MNPs/c-MWCNT nanocomposite on 
FTO electrode was performed by a chemically simple 

method. Scheme 1 illustrates MNPs coated on outer walls 

of c-MWCNTs with other nanoparticles [21, 22]. The 



 

Research Article                          Adv. Mater. Lett. 2016, 7(6), 472-479                      Advanced Materials Letters 

Adv. Mater. Lett. 2016, 7(6), 472-479                                                                                  Copyright © 2016 VBRI Press   

                                           
  

surfaces of MWCNTs contain carboxyl groups bind      
with –NH2 groups present on the surface of XOD. Once 
decorated, XOD was covalently immobilized on MNPs/c-
MWCNT composite film by applying EDC–NHS 
chemistry. This EDC–NHS is mainly used for activating the 
free –COOH groups available on MNPs/c-MWCNT 
composite film. 

 

 
 

Fig. 1. XRD pattern for (a) MNPs and (b) core-shell MNPs. 

 
Characterization of MNPs   

The XRD patterns obtained for the samples exhibit high 
crystalline peaks indicating an enormous similarity with the 
standard crystal phase of magnetite (JCPDS No. 894319, 
19-0629). The peaks indicating 15u to 35u represents the 

presence of amorphous-SiO2 [24]. 
Furthermore, the same samples of MNPs used for getting 

XRD patters were taken for TEM. Fig. 1 shows high 
resolution electron microscope image acquired by TEM 
which confirms that particles are appeared in a single 

crystalline form (Fig. 2). These particles are mainly 
spherical or compact in shape. After detailed analysis of 
TEM image, 10 to 40 nm of particle size was observed 
which possess an average size of 25±1.5 nm. 

 

 
 

Fig. 2. TEM image of core-shell MNPs of an average diameter of 25 nm. 

Surface characterization by SEM 

The SEM of FTO electrode, MNPs/c-MWCNT/FTO 
electrode and XOD/MNPs/c-MWCNT/FTO electrode were 
used to study the shapes and structures present on the 

surface (Fig. 3). A uniform surface was observed for bare 

FTO electrode (Fig. 3a), a uniform but granular 
morphology was noticed for the MNPs/c-MWCNT/FTO 
electrode revealing a uniform distribution of MNPs in 

MWCNT network (Fig. 3b). Once immobilization of XOD 
was completed, a covalent linking between MNPs/c-
MWCNT with XOD was occurred indicating an alteration 
of structural morphology of MNPs/c-MWCNT/FTO into 

the regular form (Fig. 3c). 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Scanning electron micrographs of (a) bare FTO electrode, (b) 
MNPs/c-MWCNT/FTO electrode and (c) XOD/MNPs/c-MWCNT/FTO 
electrode. 

 
Electrochemical impedance spectroscopic (EIS) studies  

Electrochemical impedance spectroscopic (EIS) studies 
contribute significantly to determine changes occurred 
during the process of fabrication of the electrode surface 

(a) 

(b) 

(c) 
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and were utilized to analyze the immobilization of enzyme 
on MNPs/c-MWCNT/FTO electrode. The charge transfer 
resistance (RCT) was equivalent to the diameter of the 
semicircle section of frequencies of the Nyquist plot 
determining the transfer of electron and redox probe 
kinetics during interface of electrodes. The Waberg 
diffusion process is shown as linear part at lower 

frequencies [25]. The Nyquist plot (Fig. 4) is presented for 
EIS studies showing a plain/bare FTO electrode (curve a), 
MNPs/c-MWCNT/FTO electrode (curve b) and 
enzyme/MNPs/c-MWCNT/FTO electrode (curve c). The 
buffer and probe used in this studies were 0.05 M sodium 
phosphate buffer (pH 7.4) and 5 mM 
K3Fe(CN)6/K4Fe(CN)6 (1:1) as a redox probe. The RCT 
value for the bare FTO electrode was 108 Ω however 
MNPs/c-MWCNT and XOD/MNPs/c-MWCNT/FTO 
electrodes were 75 Ω and 95 Ω. Since RCT of MNPs/c-
MWCNT/FTO electrode (curve b) was lesser as compared 
to FTO electrode (curve a), this imparts that FTO electrode 
has a high electron transfer rate with reduced resistance. 
The MNPs immobilized onto the c-MWCNTs was layered 
as a thin MNPs film. The fact suggests that an improvement 
of c-MWCNT was occurred which makes the composite 
showing more active sites for electrochemical reactions 
with a high capacitance by FTO electrode. The charge-
transfer of the composite enhances conductivity and 
reduces resistance. The RCT of XOD/MNPs/c-
MWCNT/FTO electrode (curve c) was increased whereas 
the RCT of MNPs/c-MWCNT/FTO electrode was 
decreased. Since the biological samples for instance 
enzymes used in this study have poor electron transfer rate 
at low frequencies, therefore RCT is increased because of 
obstacle in electron transfer confirming the binding of XOD 
onto MNPs/c-MWCNT composite.  
 

 
 
Fig. 4. Nyquist plot of electrochemical impedance spectra for FTO 
electrode (curve i), MNPs/c-MWCNT/FTO electrode (curve ii) and 
XOD/MNPs/c-MWCNT/FTO electrode (curve iii) in 0.05 M sodium 
phosphate buffer (pH 7.5) containing 5 mM K3Fe(CN)6/K4Fe(CN)6 (1:1) 
as a redox probe. 

 
Construction of XOD/MNPs/c-MWCNT modified FTO 
electrode 

 
The construction of an electrochemical xanthine biosensor 
was performed by immobilizing XOD on MNPs/c-
MWCNT which is then electrodeposited on the surface of 

FTO. The prepared construct serves as a working electrode 
with Ag/AgCl as reference and Pt wire used as an auxiliary 
electrode. The potential peaks of MNPs/c-MWCNT/FTO 
electrode were not changed for cycling between − 0.4 and   
+ 0.4 V. The morphological properties of film deposited on 
FTO were stable. The same electrochemical behavior of 
composite material was observed for MNPs and                 
c-MWCNT. 
 

 
 
Fig. 5. Cyclic voltammograms, (a) bare FTO electrode, (b) c-
MWCNT/FTO electrode, (c) MNPs/c-MWCNT/FTO electrode and (d) 
XOD/MNPs/c-MWCNT/FTO electrode in pH 7.5 sodium phosphate 
containing 0.1 mM xanthine. Scan rate: 50 mV s−1. 

 
Since in this improved amperometric biosensor the 

covalent immobilization of XOD was achieved on MNPs/c-
MWCNT/FTO electrode, the performance of the biosensor 
was evaluated. During stepwise modification, the 
performance was evaluated for the working FTO electrode 
in 0.05 M phosphate buffer (pH 7.5). The CV of FTO 
electrode, c-MWCNT/FTO electrode, MNPs/c-
MWCNT/FTO electrode and XOD/MNPs/c-MWCNT/FTO 
electrode in presence of 100 μL of xanthine (0.1 mM) in 
sodium phosphate buffer (pH 7.5) at a scan rate of             

50 mV s−1 was shown in Fig. 5. There was no peak 
observed for FTO electrode (curve a) in phosphate buffer 
while injecting 100 μL of xanthine into reaction cell. The 
cyclic voltammogram of c-MWCNT/FTO electrode and 
MNPs immobilized onto the c-MWCNTs identified an 
oxidation peak at 42 and 57 μA (curve b and c), 
respectively. c-MWCNT is used as a useful adsorbent for 

heavy metal ions and its solutions [26]. In addition, the 
voltammogram represents a major reduction peak where 
there is a process for titanium reduction and the current 
decreases by diffusion. An oxidation peak at 87 μA (vs 
Ag/AgCl) (curve d) was recorded by CV of XOD/MNPs/c-
MWCNT/FTO electrode.  

The modification of the bare FTO electrode with 
conductive MNPs/MWCNTs resulted in a higher Ip and 
smaller ∆Ep owing to an increase of potent surface. The Ip 
of the XOD/MNPs/MWCNT modified FTO electrode was 
even higher illustrating oxidation of xanthine which is 
catalyzed by the immobilized XOD on the 
MNPs/MWCNT/FTO surface. 

 
Optimization of experimental conditions  

Optimization studies were conducted using linear sweep 
voltammetry (LSV) on various factors which effects 
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incubation, pH, response time and temperature. Whether 
the response current of the XOD/MNPs/c-MWCNT/FTO 
electrode is affected by the pH was studied between 3.0 and 
8.0 at an interval of 0.5. The response current was elevated 
from 3.0 to 7.5 and then decreased. The recorded maximum 
current was at pH 7.0. Therefore, the pH 7.0 was 
considered favorable for optimal activity of immobilized 

XOD to soluble XOD [20]. To ensure the optimization, the 
effect of temperature on biosensor was thoroughly studied. 
The response current was reached at maximum on 
approximately 30 oC and then reduced with increased 
temperature. The present biosensor showed a maximum 
response (comparatively faster) within 3 s.  
 

 
 
Fig. 6. Correlation between fish meat extract (mg/L) determinations by 
standard enzymic colorimetric method (x) and present biosensor method 
(y). 

 
A linear correlation between biosensor response and 

xanthine concentration was obtained which was in the range 
of concentration between 0.05 μM to 150 μM. Although it 
was reported constant after 150 μM. There are many anodic 
and cathodic peaks associated with the figure due to 
presence of electrolyte i.e K3 Fe(CN)6/K4Fe(CN)6 (1:1), 
which acts as a redox probe. The current peaks are 
associated with desorption of ferri/ferro from the modified 
FTO electrode surface. Some peaks are related with the 
reduction of oxygen and/or species.  
 
Evaluation of prepared xanthine biosensor 

A linear correlation between xanthine concentration 
ranging from 0.05 to 150 μM and current (A) was acquired 
stipulating construction of a better biosensor as compared 
to zinc oxide nanoparticle (ZnO-NPs)–polypyrrole (PPy) 

composite film modified Pt electrode (0.8 to 40 μM) [2], 
ZnO-NPs/chitosan/c-MWCNT/polyaniline modified Pt 

electrode (0.1 to 100 μM) [27], Au/polypyrrole (AuPPy) 
nanocomposites modified Pt electrode (0.4 to 100 μM) 

[28], double walled carbon nanotube (DWCNT) modified 

carbon paste electrode (2 to 50 μM) [29], CNT modified 

carbon paste electrode (1–100 μM) [30], chitosan bound Au 
coated iron nanoparticles (CHIT/Fe-NPs@Au)/PGE      

(0.1–300 μM) [31] and Self-assembled biotinylated 

phospholipid membrane (20 to 100 μM) [32]. The range of 
0.05 μM (S/N = 3) was the detection limit obtained for this 
biosensor which is reportedly lower compared to detection 
limit of ZnO-NPs–polypyrrole (PPy) composite film 

modified Pt electrode (0.8 μM) [2], ZnO-NPs/ chitosan/c-

MWCNT/polyaniline modified Pt electrode (0.1 μM) [27], 
Au/polypyrrole (AuPPy) nanocomposites modified Pt 

electrode (0.4 μM) [28], iron (III) 
mesotetraphenylporphyrin nanoparticles modified glassy 

carbon (1 μM) [33], DWCNT modified carbon paste 

electrode (2 μM) [29] & CNT modified carbon paste 

electrode (0.75 μM) [30]. Xanthine was added separately to 
study analytical recovery. Thus 0.1 mL of xanthine solution 
(10 mg L-1, 20 mg L-l) in fish meat extract was added 
exogenously. Once the xanthine was added in the fish meat 
extract, the concentration was calculated by measuring 
through our method before and after addition. The 
measurement was carried out immediately. The % 
recoveries of added xanthine were 96.5±1.2 % and 
98.4±1.5 %. The more recovery reveals a high analytical 
reliability of our method. In order to examine the accuracy 
of our method, the values of xanthine in fish samples 
(n=12) were compared with enzymatic colorimetric method 
(x) to our method (y). The comparison of xanthine 
concentrations of these two methods showed a high 

correlation (R2 = 0.9818, significant at 1 % level) (Fig. 6) 
indicating a good accuracy.  
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Fig. 7. Determination of xanthine in fish meat by xanthine biosensor 
based on XOD/MNPs/c-MWCNT/FTO electrode during storage at room 
temperature (25±5ºC). 

 
Comparatively, a higher detection limit was obtained by 

the present method than colorimetric method. The other 
important characteristics including reproducibility and 
repeatability of our method were evaluated. The significant 
result was obtained for same fish sample when the xanthine 
concentration was checked in a day for five times (within 
batch). Thereafter the sample was stored at 4 ºC for one 
week (between batches). The results showed the 
consistency over a long period of time. The coefficients of 
variation (CV) within and between the batch for fish sample 
determination were reported by <4.7 % and <5.6 % 
showing a high reproducibility with true reliability of our 
method. 
 
Xanthine concentration in fish meat 

The xanthine concentration in fish meat was calculated 
using prepared biosensor at different storage times up to    
25 days always at room temperature. The xanthine 
concentration was increased from 0.9 to 37.6 mM/g during 
storage. The concentration was doubled after 4 days     

(Fig. 7).  
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Examine stability of electrode in long-term  

To evaluate the storage stabilities in long-term, the activity 
of XOD/MNPs/c-MWCNT/FTO electrode was measured in 
terms of the storage time. Reaction buffer was prepared to 
wash enzyme electrode for 2 – 3 times so as to reuse and 
avoiding a possibility of blocking of the electrode by 
various soluble proteins present in fish meat extract.  The 
initial activity of electrode was measured and the loss of 
initial activity for 100 regular uses during experimental 120 
days was determined giving only 50 % of initial activity 

(Fig. 8), resulting a higher than previously reported XOD 
biosensors ZnO-NPs–polypyrrole (PPy) composite film 

modified Pt electrode (100 days) [2], ZnO-NPs/ chitosan/c-

MWCNT/polyaniline modified Pt electrode (30 days) [27] 
and Au/polypyrrole (AuPPy) nanocomposites modified Pt 

electrode (100 days) [29]. Thus an efficient coupling 
between enzyme and nanocomposite material was noticed 
and resulting in retaining the activity of immobilized XOD. 
In addition, because of covalent coupling, the leaking out of 
the FTO electrode is prevented. 
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Fig. 8. XOD/MNPs/c-MWCNT/FTO electrode: Response for the effect of 
storage stability. 

 

Conclusion  

In summary, we have successfully designed a signal 
amplified electrochemical enzyme sensor for xanthine 
based on the synergistic catalysis of XOD and MNPs/c-
MWCNT nanostructures. The fabricated XOD/MNPs/c-
MWCNT/FTO electrode exhibited low detection limit 
(0.05 µM), wide linear range (0.05 to 150 µM), high 
stability (120 days) and a faster response time which is 
within 3s at +0.2 V vs Ag/AgCl potential. We establish an 
efficient electrocatalytic activity and stability with 
biological compatibility of MNPs/c-MWCNT which would 
enhance our understanding to far going applications of 
biosensors. 
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