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Abstract: An amperometric enzyme electrode for the detection of hypoxanthine in fish meat is described. 
The hypoxanthine sensor was prepared from xanthine oxidase immobilized by covalent binding with 
glutaraldehyde and bovine serum albumin on a nafion-coated platinum disc electrode. The responses for 
hypoxanthine were obtained in 0.1 mol L�1 phosphate buffer (pH 7.0), at potential of 600mV vs Ag/AgCl. 
This  biosensor  provides  a   linear  response  for  hypoxanthine  in  the  concentration  range  of  2.00x10�6-
1.85x10�4 mol L�1 (r=0.9989). The response time is less than 30 s for the useful response range and the 
lifetime of this electrode was excellent for at least ten days without loss of the response. The sensor can be 
applied to the determination of hypoxanthine in fish meat and it is effective for eliminating interferants from 
coexisting substances in the samples. Application of the biosensor technique in the field of quality control is 
promising due to their inherent specificity, simplicity and quick response. 
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INTRODUCTION 

 
 Estimation of fish meat freshness is important for 
the food industries for the manufature of high quality 
products. After the death of a fish, the decomposition of 
ATP (adenosine triphosphate) in the fish meat sets in 
and ADP (adenosine di phosphate), AMP (adenosine 5’ 
phosphate), IMP (inosine 5’ phosphate), HxR (inosine), 
Hx (hypoxanthine), X (xanthine) and U (uric acid)[1]. 
Whereas IMP is one of the major contributing factors to 
the pleasant flavour of fresh fish, it’s degradation 
product hypoxanthine imparts the bitter “off-taste”[2]. In 
this degradation process, quantification of hypoxanthine 
can be used as an indication of the fish freshness. 
 Various methods[1,3-5], including anion-exchange 
chromatography, thin layer chromatography, 
precipitation and capillary electrophoresis, have been 
proposed for the hypoxanthine determination. In 
general, these methods are complicated and time 
consuming. 
 Highly specific analytical techniques have been 
developed by coupling immobilized redox enzymes 
with electrochemical sensors. In comparison with other 
analytical techniques, such sensors possess simplicity 
of operation and the substrate selectivity of the 
enzymes. In addition, they are inexpensive since a small 
amount of immobilized enzyme can be used for a large 
number of analytical determinations[6,7]. 
 Amperometric sensors using immobized xanthine 
oxidase have been reported and have shown 
effectiveness and selectivity for the measurement of 
hypoxanthine[8-11].  

 Significant developments in biosensors for fish 
quality measurement started in the 1980s, as recently 
reviewed by Venugopal[12]. Pioneering work was 
carried out by Watanabe’s group to measure nucleotide 
concentrations to evaluate fish freshness[13-15]. Shen, 
Yang, & Peng[16] developed a simpler method that uses 
a xanthine oxidase electrode. The enzyme was 
immobilized on a silk membrane, onto which a 
platinum disc and copper wire were attached. This 
device was highly sensitive to Hypoxanthine (Hx) 
levels in fish and could therefore be used to assess fish 
freshness.  
 Metal as platinum have been used for 
electrochemical electrodes due to their excellent 
electrical and mechanical properties[8].  
 Operation of an electrochemical biosensor requires 
successful enzyme immobilization on the electrode 
surface. In the search for suitable matrices for enzyme 
immobilization there has been growing interest in the 
attachment of the enzyme to the solid electrolyte 
Nafion. The method of membrane formation involves 
simply dipping the electrode into the polyelectrolyte 
solution and allowing the solvent to evaporate. The 
resulting membranes possess both high adhesion to the 
surface and low swelling in aqueous media. In addition, 
the polyelectrolyte membrane stabilizes the ionic 
strength at the electrode surface, essential for sensor 
applications. Nafion exhibits a reduced permeability to 
negatively charged substances. Hence by using an 
additional Nafion membrane one can improve the 
sensor selectivity and virtually eliminate the influence 
of reductants[17]. 
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 The aim of the present work was to develop a 
amperometric hypoxanthine biosensor, based on 
xanthine oxidase immobilized on a Nafion-coated 
platinum disc electrode. Coating of Nafion has 
successfully been used to eliminate the interference of 
uric acid and ascorbic acid in the determination of 
hypoxanthine. 
 

MATERIALS AND METHODS 
 
Reagents: Xanthine oxidase (EC 1.1.3.22, from 
buttermilk, Grade I), xanthine, hypoxanthine, ascorbic 
acid, uric acid, glutaraldehyde (50% aqueous solution), 
bovine serum albumin (lyophilized powder) and 
cellulose acetate were obtained from Sigma. Nafion 5% 
was obtained from Aldrich. Other chemicals were of 
analytical grade. 
 
Electrochemical instrument: Amperometric 
measurements were performed on a EG & G Princeton 
Applied Research Model 263 potentiostat with M270 
software system, using an electrochemical cell with 
three electrodes. An Ag/AgCl electrode was used as 
reference, a Pt wire as the auxiliary and the working 
enzyme electrode was the Nafion-coated platinum disc 
electrode. 
 
Electrochemical instrument: Amperometric 
measurements were performed on a EG & G Princeton 
Applied Research Model 263 potentiostat with M270 
software system, using an electrochemical cell with 
three electrodes. An Ag/AgCl electrode was used as 
reference, a Pt wire as the auxiliary and the working 
enzyme electrode was the Nafion-coated platinum disc 
electrode. 
 
Electrode preparation: The enzyme electrode was 
constructed by cross-linking the xanthine oxidase and 
bovine serum albumin (BSA) with glutaraldehyde on 
the Nafion-coated surface of the platinum disk (3 mm 
diameter), freshly cleaned with diluted nitric acid, 
alcohol and water, sequentially. 
The preparation steps of this hypoxanthine sensor were: 
 
(a) Deposition of the Nafion film coating: 5 µL of 5% 

Nafion solution was pipetted on the electrode 
surface. The film was allowed to dry during 1 hour. 

(b)  Immobilization of the enzyme: 15 µL of xanthine 
oxidase (XOD) (25 U), 5 µL of 10% (w/v) BSA 
and 5 µL of 5% (v/v) glutaraldehyde was added 
and mixed homogeneously. 10 µL of this resulting 
enzyme solution was used and drop it onto the 
surface of the Nafion-film electrode and dried in a 
dessecator at room temperature for 3 hours.  

 
Coating of sensor: The electrode was modified by 
immersing in 5 µL of 2% cellulose acetate solution. 

This film was allowed to dry in air for 10 hours. The 
enzyme electrode was dipping for the conditioning at 
5oC in a phosphate buffer (0.1 mol L�1, pH 7.0) prior to 
use. 
 
Electrochemical measurements: Initially the current 
was monitored continuously in buffer solution until it 
reached the steady state (from 5 to 10 min). After that, 
successive additions of hypoxantine standard solution 
were added into to the cell, stirring the solution for a 
few seconds before monitoring the current until it 
reached the steady state. The anodic current between 
the initial and the maximum current was used to 
quantify the hypoxanthine concentration. Current 
outputs were measured at +600 mV vs Ag/AgCl. The 
enzyme electrode was stored at 5oC in a phosphate 
buffer (0.1 mol L�1, pH 7.0) when not in use. 
 
Determination of hypoxanthine in fish meat: 
Methods were proposed for the preparation of the fish 
sample[15,18]. However, the proposed method by 
Watanabe et al.[15], was selected because the simplicity. 
Fish meat sample (5 g) was homogenized in 15 mL 
distilled water. The homogenate was then filtered 
through a membrane filter and then distilled water was 
added  to  the  filtrate  producing a total volume of 
25.00 mL of homogenized sample solution. The sample 
solution was used immediately. The developed sensor 
was then used to measure the Hx in the sample. An 
aliquot of the extract was transferred into an 
electrochemical cell containing phosphate buffer 
solution (0.1 mol L�1, pH 7.0) and the electrochemical 
measurements was made in potential of 600 mV vs 
Ag/AgCl. 
 Determination of hypoxanthine was performed by 
applying the standard additions method, which involved 
the addition of successive aliquots of hypoxanthine 
standard solution. 
 

RESULTS AND DISCUSSION 
 
 In this study, the corresponding enzymatic reaction 
involved in the membrane is: 
 
 Xanthine oxidase  
Hypoxanthine  +  2O2    Uric acid  +  2H2O2  
 
 The amperometric signal employed for monitoring 
the oxidation of hypoxanthine catalyzed by XOD was 
accomplished by means of the electrochemical 
oxidation of the hydrogen peroxide generated as a 
product in the enzymatic reaction. A potential of 600 
mV was selected for the amperometric monitoring of 
the reaction. 
 To evaluate the performance of the enzyme 
electrode, several parameters, including immobilization 
conditions and amounts, pH and temperatures  
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dependence, interference and stability of the electrode 
were investigated. 
 
Effects of the pH and temperatures on the response 
of the sensor: The response of a biosensor is often pH- 
and temperature-dependent. Normally, the current 
output from a biosensor, as a function of pH, will pass 
through a maximum. This existence of an optimum pH 
is due to the amphoteric nature of the amino acids that 
make up the enzyme, particularly those that are 
responsible for substrate binding. Protonation can 
substantially alter the rates of formation and 
decomposition of the enzyme-substrate complex.  
        The effect of the pH value in the test medium on 
the current measurements of hypoxanthine gives a 
maximum response between pH 6.0 and 7.5 and was 
observed that when the pH is less than 6.0 or larger than 
7.5 an amperometric current decrease. A working pH of 
7.0 was selected for subsequent work. 
 The temperature dependence of these sensors is 
similar to that of the free enzyme systems, conforming 
to the general trend of increasing current responses with 
increasing temperature. 
 The response to temperature was observed that an 
increasing current response with increasing temperature 
between 25.0–35.0oC. However, the determination 
using biosensors in highly temperature exhibit a 
decreasing of oxygen in the solution and the 
inactivation of the enzyme. As a compromise between 
sensitivity and stability, a working temperature of the 
25.0 ± 0.1oC was chosen in this study. 
 
Analytical characteristics of the calibration curve 
for hypoxanthine: Under the optimized working 
conditions described above, a calibration curve was 
constructed for hypoxanthine. The response time for 
this biosensor was very show, reaching 95% of its 
maximum response is less than 30 s. The typical 
amperometric curve obtained for the successive 
additions of Hx at an applied potential of 600 mV is 
show in Fig. 1. It can be observed an increasing anodic 
current response for each successive additions of 
hypoxanthine solutions. A calibration curve typical of 
enzymatic systems was obtained for the steady-state 
current versus the hypoxanthine concentration with a 
range of linearity 2.00x10�5 – 1.90x10�4 mol L�1, by 
fitting data points by least-squares regression of ∆ip = 
8,095 + 16,91 C (r=0,9989) and a loss of linearity for 
higher   hypoxanthine   concentrations.   The  relative 
standard   deviation  for six determinations for 
2.00x10�5 mol L�1 Hx was 2.9 %. The minimum 
detectable concentration of Hx was estimated to be 
5.28x10�7 mol L�1. 
 
Seletivity and stability of the sensor: The effect of the 
presence of electrochemically active interferants which 
may be present in samples for hypoxanthine 
determination, such as ascorbic acid and uric acid, was  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1: Amperometric curve for hypoxanthine (potential 

applied 600 mV vs the Ag/AgCl). Each step 
represents 10 µL addition of 0.01mol L�1 
hypoxanthine solution in 5.0 mL of phosphate 
buffer (0.1mol L�1, pH 7.0). Inset: calibration 
curve for enzyme electrode for successive 
additions of hypoxanthine solution 

 
checked under the experimental conditions specified. 
These substances, can be oxidized with the generation 
of a current in the potential selected. Permeable 
membranes such as Nafion and cellulose acetate 
covering the platinum electrode were used to reduce the 
interference effect. 
 The use of Nafion film in the platinum electrode 
yields enhanced selectivity towards hydrogen peroxide 
of the end-products generated by enzymatic reaction.  
 The selectivity and stability was enhanced by 
coating of the enzymatic membrane with cellulose 
acetate membrane. This to make possible one major 
number of determinations and the increase in the 
lifetime of biosensor and when absent a sensitiviy 
decrease due the loss enzymatic material and no of the 
activity was observed.  
 The stability of the sensor was examined by 
measuring the sensor response at a fixed hypoxanthine 
concentration of 3.98x10�5 mol L�1. These results show 
that the current response (relative enzyme activity) 
remain the same after 80 measurements for over a 
period of ten days.  
 The   determinations   in   a   phosphate     buffer 
(0.1 mol L�1, pH 7.0) with  
3.98x10�5 mol L�1 Hx, the presence of these test 
compounds in concentration 10 times of Hx did not 
cause any observable changes in the current response 
for the sensor. 
 The biosensor can be applied to the determination 
of hypoxanthine in fish meat and it is effective for 
eliminating interferants from coexisting substances in 
the samples. 
 
Determination of hypoxanthine in fish meat 
samples: The performance of the biosensor for the 
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analysis   of  real fish samples was tested by 
determining the Hx content in samples of Tilapia fish 
(Oreochromis niloticus) acquired in fish pond and in 
market. Determination of fish quality is reflected 
directly by increase in the Hx concentration[8,13,19]. 
 
Table 1: Determination of hypoxanthine in fish samples using 

proposed sensor 
Samples1 Hypoxanthine [µmol g�1]2 
A1  4.23 ± 0.12 
A2  16.38 ± 0.68 
B1  2.76 ± 0.10 
B2  8.40 ± 0.37 
1A1=fresh fish; A2 and B2=fish stored in room temperature for 48 
hours; B1=fish stored in room temperature for 24 hours 
2Values obtained by application standard-addition method, average 
value of triplicates 
 
Table 2: Recovery (%) obtained for hypoxanthine in fish samples 
Samples1 Hx Added2 Hx Expected3 Hx Found4 Recovery5 
 [µmol L-1] [µmol L-1] [µmol L-1] % 
A1 0  8.36  
 9.89 18.25 19.79 108.4 
A2 0  19.53  
 9.93 29.46 30.54 103.7 
B2 0  16.63  
 9.89 26.52 27.97 105.5 
1samples indicated in the Table 1 
2standard solution of hypoxanthine added 
3hypoxanthine concentration expected (sample + standard) 
4hypoxanthine concentration found 
5recovery by standard addition method 
 
Table 3: Determination of hypoxanthine in fish samples after 

different periods of storage 
Samples1 Time of storage Hypoxanthine  
  (days)2 [µmol g-1]3 
A  0 0.877 ± 0.026 
A  2 1.314 ± 0.031 
B   3.944 ± 0.128 
A  7 1.584 ± 0.072 
A  14 1.843 ± 0.048 
A   1.904 ± 0.062 
B  30 8.332 ± 0.389 
A  60 4.052 ±0.135 
1A=fish pond; B=fish market 
2After the killed stored in refrigeration at –18oC 
3Values obtained by application standard-addition method, average 
value of triplicates 
 
 The Table 1 shows results obtained in fish samples 
stored at different periods and room temperature and 
then content of hypoxanthine was determined by 
standard addition method. As can be observed the 
amount of hypoxanthine increased with the time of 
sample storage. The analysis were carried out in 
triplicate. The effectiveness of the method can then be 
established by evaluating the extent of recovery of the 
added quantify of hypoxanthine. Table 2 summarizes 
the tests results, which show good recovery (104% to 
108%). 
 Table 3 summarizes the results for two fish 
samples, which show that Hx accumulates with increase  
 

of storage time. The increase in Hx accumulation with 
storage time is expected consequences. These results 
indicate the suitability of the experimental Hx biosensor 
to provide expedient measurements in real fish samples. 
 

CONCLUSION 
 
 The immobilization of xanthine oxidase onto an 
electrode presents several advantages. The amount of 
enzyme used in the analysis is significantly lowered. 
The analysis time can usually be significantly 
shortened. Biosensors offer advantages as alternatives 
to a conventional methods due to their inherent 
specificity, simplicity and quick response. 
 Determination of the freshness of fish meat can be 
accomplished by analyzing the Hx. The sensor can be 
applied to the determination of hypoxanthine in fish 
meat and it is effective for eliminating interferants from 
coexisting substances in the samples.  
The results obtained are evidence that the present 
sensor is a very effective analysis system and provides 
a simple and rapid method for the determination of Hx 
in fish samples. Under optimized conditions the 
proposed sensor presented good stability, making 
possible in a next step the coupling of this proposed 
biosensor in a flow system. 
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