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A Fe3O4/multiwall carbon nanotubes/b-cyclodextrin (Fe3O4/MWCNTs/b-CD) modified electrode, for

highly sensitive and automated hypoxanthine measurements, was developed in a sequential injection

lab-on-valve system. The electrochemical oxidation behavior of hypoxanthine was investigated in

phosphate buffer solution by cyclic voltammetry and linear sweep voltammetry. The Fe3O4/MWCNTs/

b-CD modified electrode exhibits preferably analytical characteristics in electrocatalytic activity

towards the oxidation of hypoxanthine. Under optimized conditions, the log oxidation peak current

intensity was proportional to log hypoxanthine concentration covering the range from 5.0�10�8 to

1.0�10�5 mol L�1 with a correlation coefficient of 0.9965. A detection limit of 0.3�10–8 mol L�1 was

achieved along with a sampling frequency of 20 h�1. This hyphenated system offers some advantages

in terms of rapidness, sensitivity and ease of manipulation. Its further applications were utilized for the

determination of hypoxanthine in meat samples.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

As one of the purine bases, hypoxanthine is produced during the
degradation process of fresh meat, which suggests that hypox-
anthine content can be a valuable indicator of meat freshness in the
food industry [1,2]. Thus, the development of efficient, sensitive,
and simple analytical techniques for the determination of hypox-
anthine is important for the quality control of meat products. To
date, numerous applications of electrochemical methods using
modified electrodes have been developed for the determination of
hypoxanthine [3–6]. Zhang et al. employed sensitive electrocataly-
tic biosensing based on graphene sheets with water-soluble con-
ducting graft copolymer to determine hypoxanthine by an
enzymatic cycle [7]. Lü investigated the electrochemical behavior
of hypoxanthine on multiwalled carbon nanotubes (MWCNTs)-
dicetyl phosphate film modified vitreous carbon electrode [8]. Xie
et al. constructed a mesoporous TiO2 modified carbon paste
electrode and its application was used in the determination of
hypoxanthine in human blood serum samples [9].

Nanomagnetic materials are expected to exhibit new func-
tional properties for a wide range of applications, among which
Fe3O4 magnetic nanoparticles have aroused researchers’ interest
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and had been applied in electrochemical sensor [10–12]. Wang
and Tan prepared a novel amperometric immunosensor based on
Fe3O4 nanoparticles/chitosan composite film for determination of
ferritin. The developed immunoassay was comparable with the
radioimmunoassay [13]. Yu et al. and Fan et al. investigated the
bioelectrocatalytic activity to the reduction of H2O2 by immobi-
lizing hemoglobin on the surface of core-shell structure magnetic
Fe3O4 nanoparticles [14,15].

MWCNT materials have attracted considerable attention due to
their favorable electrical conductivity, high chemical stability, and
extremely high mechanical strength [16–18]. Incorporating Fe3O4

nanoparticles onto MWCNTs could improve the electrocatalytic
properties of modified electrodes [19,20]. However, the lack of
solubility and the difficult manipulation in any solvents have
imposed great limitations to the use of MWCNTs. b-Cyclodextrin
(b-CD) is composed of a hydrophilic exterior surface and a hydro-
phobic interior cavity. This structural property makes it easier to
form inclusion complexes with many organic compounds and
readily soluble in aqueous solutions [21]. Therefore, the preparation
of glassy carbon modified electrode with b-CD incorporated
MWCNTs may provide a nice strategy to improve the resolvable
property of MWCNTs [22,23]. However, to the best of our knowl-
edge, a study to determine hypoxanthine using Fe3O4/MWCNTs/
b-CD modified electrode has not yet been reported.

Currently, analytical laboratories experience an increasing demand
for a large number of analytical determinations. Most procedures are



Y. Wang et al. / Talanta 99 (2012) 840–845 841
laborious and generally time-consuming and thus may not be
appropriate for the required laboratory productivity. The above
mentioned problems can be solved by implementing in an easy and
inexpensive way by means of the sequential injection lab-on-valve
(SI-LOV) technique [24–27], in which all necessary laboratory
facilities for on-line manipulation could be integrated within the
LOV unit. These features made this system most suitable for
automatic purposes. The aim of this work was to investigate the
possibility of application of Fe3O4/MWCNTs/b-CD modified elec-
trode for hypoxanthine determination in the dynamic SI-LOV
system. Various experiments were conducted to establish the
optimum analytical conditions. For further confirmation of the
feasibility of practical application, the hypoxanthine contents in
real meat samples were determined.
Fig. 1. Schematic diagram of the proposed SI-LOV manifold in conjunction with

voltammetry for hypoxanthine analysis. C: carrier (H2O); SP: syringe pump; HC:

holding coil; W: waste; A: air; S: sample; PBS: phosphate buffer solution and EFC:

electrochemical flow cell (internal volume: 200 mL).
2. Experimental

2.1. Apparatus

Voltammetric measurements were performed with a CHI660A
electrochemical workstation (Chenhua Instrument, Shanghai,
China). A sequential injection system (Cavro, Sunnyvale, CA,
USA) equipped with a 24,000-step syringe pump with a capacity
of 2.5 mL and a six-port selection valve was employed for
solutions delivery. A homemade LOV unit incorporated an elec-
trochemical flow cell (EFC) consisting of a 2.0 mm glassy carbon
electrode (GCE) as working electrode, a 0.5 mm platinum wire as
counter electrode and a 1.0 mm Ag/AgCl as reference electrode.
The central channel was connected to 2500 mL high-precision
syringe pump via holding coil. Ports 1 and 2 were used as
reserved channels. All the used tubes were made of 0.8 mm
i.d. PTFE tubing (Upchurch Scientific, OakHarbor, WA, USA).
Static contact angle measurements were carried out at 20 1C
with a sessile drop method using a CAM200 optical contact
angle analyzer (KSV Instruments, Finland). The HPLC apparatus
(Shimadzu, Kyoto, Japan) with a SPD-10A VP UV–visible (UV–vis)
detector was used for chromatographic separation and determi-
nation of hypoxantine. Scanning electron micrographs (SEM)
were obtained with a Hitachi S-4800 scanning electron micro-
scope (Japan) at an acceleration voltage of 15 kV.

2.2. Reagents and materials

A stock standard solution (1.0�10�3 mol L�1) of hypoxanthine
was prepared in 0.1 mol L�1 NaOH and working standard solutions
were obtained by appropriate stepwise dilution of the stock
standard solution with deionized water. Phosphate buffer solution
(PBS) was prepared by mixing the stock solution of 0.1 mol L�1

NaH2PO4 and 0.1 mol L�1 Na2HPO4 and adjusting the pH with
0.1 mol L�1 H3PO4 or 0.1 mol L�1 NaOH. Ferrous chloride tetrahy-
drate (FeCl2 �4H2O), ferric chloride hexahydrate (FeCl3 �6H2O),
b-cyclodextrin, and N,N-dimethylformamide (DMF) were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). The MWCNTs were purchased from Nanotech Port Co.,
Ltd. (Shenzhen, China) with an average size of 25 nm, which were
purified by stirring the MWCNTs in concentrated nitric acid at 60 1C
for 12 h, and then dried at 110 1C for 4 h. Double deionized water
(18 MO cm�1) was prepared by the Milli-Q water purification
system (Millipore, Bedford, MA, USA) and used as carrier stream.

2.3. The construction of Fe3O4/MWCNTs/b-CD modified glassy

carbon electrode

The Fe3O4/MWCNTs nanocomposites were prepared by the
chemical coprecipitation method after a minor modification [28].
First, 48 mg MWCNTs were dissolved in 30 mL of distilled water for
30 min with the aid of ultrasonication. Second, 40.5 mg of FeCl3 �
6H2O and 16 mg of FeCl2 �4H2O were added to the above mixture
and kept vigorously stirring for 30 min. Third, 4 mL NH3 �H2O diluted
with 20 mL of distilled water was added drop by drop, and the
mixtures were heated subsequently to 60 1C for 2 h. That is, Fe2þ salt
reacts with Fe3þ salt to produce coprecipitation with a molar ratio of
1:2 under alkaline condition. After the reaction, the nanoparticles
precipitate was washed 3 times with doubly distilled water and dried
at 50 1C for 24 h. The whole reaction process was performed under
nitrogen gas protection. Before starting the experiment, GCE was
polished manually to obtain a fresh surface. 10 mg of b-CD was
dispersed in 1 mL of DMF, containing 2 mg of nanoparticles to
produce black suspension with the aid of ultrasonic agitation. The
Fe3O4/MWCNTs/b-CD/GCE was prepared by dropping this suspension
on the glassy carbon electrode surface and the solvent was allowed to
evaporate at room temperature in the air.

2.4. Sample pretreatment

Approximately 100 g of meat samples was triturated and
homogenized. Then a portion of 3.0 g was mixed with 10 mL of
0.5 mol L�1 perchloric acid solution for about 1 h. After centrifu-
gation, 1.0 mL of the supernatant extract was diluted to 10 mL
with 0.1 mol L�1 PBS.

2.5. Operating procedure

A diagram of the SI-LOV system used in this study was
illustrated in Fig. 1. The entire operating processes were summar-
ized as follows: First, 500 mL of PBS was aspirated into the holding
coil. After the flow reversal, the EFC and the connecting line were
conditioned. Thereafter, 400 mL of carrier, 100 mL of air, 400 mL of
sample solution, and 1600 mL of PBS were aspirated into the
holding coil followed by transfer into EFC at a flow rate of
16 mL s�1, during which the analyte was accumulated onto the
surface of modified electrode at a potential of �0.1 V for 120 s.
Finally, the hypoxanthine was stripped with a potential range
from 0.8 to 1.2 V and the stripping current was recorded.
3. Results and discussion

3.1. Characterization of Fe3O4/MWCNTs/b-CD modified electrode

The static contact angle is commonly used to characterize the
relative hydrophobicity/hydrophilicity of modified glassy carbon



Fig. 2. (A) SEM image of Fe3O4/MWCNTs/b-CD nanocomposites. (B) Nyquist plots of electrochemical impedance spectroscopy for (a) bare GCE and (b) Fe3O4/MWCNTs/

b-CD/GCE in 1�10�3 mol L�1 Fe(CN)6
3�/4� and 0.1 mol L�1 KNO3 solution.

Fig. 3. Cyclic voltammograms at bare GCE (a), MWCNTs/GCE (b), Fe3O4/MWCNTs/

GCE (c) and Fe3O4/MWCNTs/b-CD/GCE (d). Hypoxanthine concentration:

1 mmol L�1; scan rate: 100 mV s�1.
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electrode surface. The contact angle is measured to be 59.21 for bare
glassy carbon electrode. After modifying with Fe3O4/MWCNTs, the
contact angle increased (about 791) compared to bare GCE, resulting
in the hydrophobic features on the surface of Fe3O4/MWCNTs.
After modifying with Fe3O4/MWCNTS/b-CD, the interface became
much more hydrophilic with a contact angle of 38.71. This phenom-
enon indicates the high adsorbability of Fe3O4/MWCNTs/b-CD
modified electrode surface to water. Hence, the combination of
Fe3O4/MWCNTs and b-CD from their individual distinct advantages
revealed the potential application in the enhancement of the
electron exchange.

The microstructure of the modifier was investigated by SEM in
Fig. 2A. As can be seen, the diameter of Fe3O4/MWCNTs/b-CD was
about 20–30 nm, and the Fe3O4 nanoparticles with an average
diameter of 15 nm were attached to MWCNTs and b-CD layer was
coated on the surface of MWCNTs/Fe3O4 nanocomposites.

For further characterization of the modified electrode, electro-
chemical impedance spectroscopy was employed to characterize
the interfacial properties of the modified electrode using
Fe(CN)6

3�/4� as the redox probe. Fig. 2B shows the impedance
spectra in the form of Nyquist diagrams of bare GCE (curve a)
and Fe3O4/MWCNTs/b-CD/GCE (curve b). A small well defined
semicircle (Rct¼64.06 O) at higher frequencies was obtained at
the bare GCE, suggesting a low transfer resistance. When Fe3O4/
MWCNTs/b-CD nanocomposite was deposited on the GCE surface,
the semicircle increased (Rct¼157.2 O), indicating the impedance
of the electrode increases in the presence of Fe3O4/MWCNTs/b-CD
nanocomposite film. These results demonstrated that Fe3O4/
MWCNTs/b-CD nanocomposite was successfully immobilized on
the GCE surface.

The surface coverage concentration (G mol cm�2) of the elec-
troactive hypoxanthine on the electrode surface can be calculated
from the charge integration of cathodic peak in cyclic voltammo-
gram at 50 mV s�1, according to G¼Q/nFA, where Q is the charge
consumed in the reaction, n is the number of electrons trans-
ferred, F is the Faraday constant, and A is the electrode area. The
surface coverage was calculated to be 2.0�10�10 mol cm�2,
indicating saturated adsorption of hypoxanthine in multilayers
of the nanocomposite film.

3.2. Voltammetric studies of hypoxanthine

on Fe3O4/MWCNTs/b-CD/GCE

The electrochemical behaviors of hypoxanthine (1.0�
10�6 mol L�1) in 0.1 mol L�1 PBS (pH 7.5) at Fe3O4/MWCNTs/
b-CD/GCE were investigated in detail by cyclic voltammetry in
batchwise mode, and also compared with that at bare GCE,
MWCNTs/GCE, and Fe3O4/MWCNTs/GCE. As shown in Fig. 3, the
oxidation of hypoxanthine at these electrodes is totally irrever-
sible under these experimental conditions, and a defined oxida-
tion peak was observed at the bare electrode with a potential at
1.078 V. After the bare GCE was modified with MWCNTs, the peak
current increased with a potential at 1.059 V because of the large
surface area of the MWCNTs. With the application of Fe3O4/
MWCNTs/GCE, the oxidation peak current of hypoxanthine
increased greatly (1.043 V), which indicated that Fe3O4 nanopar-
ticles contributed to the significant improvement of the electro-
catalytic activity of the modified electrode due to their small
dimension effect, the quantum size effect, and the large surface
area. When b-CD was immobilized on Fe3O4/MWCNTs/GCE sur-
face, the oxidation peak current of hypoxanthine (1.047 V) at
Fe3O4/MWCNTs/b-CD/GCE was much larger compared with the
other modified electrodes. This change arises from the existence
of b-CD, indicating that the relatively hydrophilic surface could
considerably promote the electron transfer.

The influence of pH on the response of the Fe3O4/MWCNTs/b-CD
modified electrode has been investigated in the pH range from
6.0 to 9.0. As shown in Fig. 4, the direct electrochemistry response
of hypoxanthine at modified electrode showed a strong dependence
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on the pH value of 0.1 mol L�1 PBS. The current intensity of the
modified electrode improved gradually with the increase of the pH
value from 6.0 to 7.5 and decreased with the pH further increased.
Hence, a pH of 7.5 was selected in the subsequent hypoxanthine
detection. In addition, the influence of pH on peak potential was
studied. It was suggested that the oxidation peak potential shifted
negatively with increasing solution pH, obeying the equation Ep

(V)¼1.5038–0.058 pH with R2
¼0.9914. The slope of �58 mV pH�1

is approximately close to the theoretical value of –59 mV pH�1,
which indicated that the number of protons and electrons involved
in the oxidation of hypoxanthine was equal.

Fig. 5 shows the cyclic voltammograms of hypoxanthine at
modified electrode in 0.1 mol L�1 PBS at different scan rates. The
oxidation peak potential was observed to shift positively with the
increase in scan rate, and the peak currents increased linearly
with the scan rate in the range of 20–200 mV s�1. These indicated
that the oxidation of hypoxanthine on the Fe3O4/MWCNTs/b-CD
modified electrode is a typical adsorption-controlled process.
The oxidation peak potential and ln v showed a linearship and
Fig. 4. Cyclic voltammograms at Fe3O4/MWCNTs/b-CD modified electrode in

0.1 mol L�1 PBS at different pH values. From (a) to (e): 6.0, 7.0, 7.5, 8.0, and 9.0,

respectively. Inset: effect of pH value on potentials (’) and current of hypox-

anthine (K). Hypoxanthine concentration: 1 mmol L�1; scan rate: 100 mV s�1.

Fig. 5. Cyclic voltammograms of Fe3O4/MWCNTs/b-CD modified electrode in

0.1 mol L�1 PBS (pH 7.5) at different scan rates. From (a) 20, (b) 40, (c) 60,

(d) 80, (e) 100, (f) 120, (g) 150, and (h) 200 mV s�1. Inset: the plot of peak current

of hypoxanthine versus the scan rate from 20 to 200 mV s– 1. Hypoxanthine

concentration: 1 mmol L�1.
the regression equation can be expressed as Epa (V)¼0.0206 ln v

(V s�1)þ1.065(R2
¼0.9942). As for an adsorption-controlled and

irreversible electrode process, according to Laviron, Epa is defined
by the following equation [29]:

Epa ¼ E0
þðRT=anFÞlnðRTk0=anFÞþðRT=anFÞlnv

generally, a is assumed to be 0.5 in the totally irreversible
electrode process. Hence, the number of electron transfer was
calculated to be 2.4, indicating that two electrons were involved
in the oxidation process. According to the previous result, the
electrochemical oxidation of hypoxanthine on Fe3O4/MWCNTs/b-
CD modified electrode undergoes a two electron and two proton
reaction, and the electrochemical reaction of hypoxanthine can be
described in Fig. 6.
3.3. Sequential injection lab-on-valve system with

voltammetric detection

Accumulation potential can improve the amount of hypox-
anthine absorbed at the electrode surface, and then increase
sensitivity and decrease detection limit. Therefore, the effect of
accumulation potential on the current intensity was investigated
ranging from –0.4 to 0.2 V at a fixed accumulation time of 120 s.
With accumulation potential shifting from �0.4 to �0.1 V, the
oxidation peak current increased gradually and the maximum
was obtained at �0.1 V. After that, the peak current decreased
with the further positive shift of accumulation potential. Thus
�0.1 V was selected as an optimal accumulation potential. The
influence of the accumulation was optimized using a defined flow
rate and different sample volumes. It was found that the oxida-
tion peak current increased gradually with accumulation time up
to 120 s at an accumulation potential of �0.1 V, because more
hypoxanthine could be adsorbed at the electrode surface with
extending the accumulation time. With further improvement of
the accumulation time above 120 s, the peak current was kept
constant. This phenomenon could be attributed to the saturated
adsorption of hypoxanthine at the electrode surface. Considering
both sensitivity and work efficiency, the optimal accumulation
time of 120 s was employed in further experiments.

Three of the most important cyclodextrins are a-CD, b-CD, and
g-CD in the order of increased size. The relatively rigid macro-
cyclic structure of b-CD strongly affects the surrounding water
ordering, resulting in a decrease of the configurational entropy.
Hence, the well-known anomaly of the b-CD water solubility
obtained was 9 and 11 times more soluble compared with those
of a-CD and g-CD. This leads us to use b-CD to improve the
resolvable property of MWCNTs. The effect of the amount of b-CD
on the electrochemical behavior of hypoxanthine was studied.
This can be controlled by using the same volume of DMF with
different amounts of b-CD. The results indicated that the oxida-
tion peak current was increased by increasing the amount of b-CD
from 4 to 10 mg. Further increase caused a gradual decrease in
the peak current of hypoxanthine, which could possibly be related
to the increased film thickness. As a result, 10 mg of b-CD was
selected as the optimum amount for the preparation of the
modified electrode.
Fig. 6. Oxidation mechanism of hypoxanthine.



Fig. 7. Voltammograms obtained at the modified electrode with increasing

concentration of hypoxanthine. (a) 0.05, (b) 0.1, (c) 0.5, (d) 0.8, (e) 2, (f) 4, (g) 6,

(h) 8, and (i) 10 mmol L�1. Inset: calibration plot of log peak current versus log

hypoxanthine concentration.
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The amount of Fe3O4/MWCNTs/b-CD suspension could directly
affect the current intensity through the film thickness of the
MWCNTs/Fe3O4/b-CD modified electrode. In this study, the
amounts of 2, 3, 4, 5, 6, and 7 mL of Fe3O4/MWCNTs/b-CD sus-
pension were investigated by a linear sweep voltammetry. For
Fe3O4/MWCNTs/b-CD amount lower than 4 mL, the anodic stripping
current of hypoxanthine increased with the increasing amount of
suspension, which may be due to an increase in the adsorption
of hypoxanthine on the electrode surface. However, for Fe3O4/
MWCNTs/b-CD amount higher than 4 mL, the thicker film of the
Fe3O4/MWCNTs/b-CD at the electrode surface will decrease the
conductivity and hinder the electron transfer, and then the anodic
stripping current of hypoxanthine decreased gradually. Thus, 4 mL
was chosen as the optimal amount of Fe3O4/MWCNTs/b-CD.

The effect of flow rate on the analytical signal was evaluated.
The current increased with the flow rate until 16 mL s�1 and then
decreased sharply for higher values. The results indicated that a
higher sample flow rate may cause less dispersion on the surface of
the electrode, which was contributed to enhance the current
intensity. Conversely, the Fe3O4/MWCNTs/b-CD film on the elec-
trode surface could be deteriorated at higher flow rate range. For
this reason, a flow rate of 16 mL s�1 was used throughout this work.

3.4. Interference studies

In order to demonstrate the selectivity of the developed
method for the determination of hypoxanthine, various potential
organic compounds and inorganic ions were added to the solution
containing 1.0�10�6 mol L�1 hypoxanthine and the recom-
mended procedure for sample analysis was applied. Tolerance
limit was defined as the ratio of interference to hypoxanthine for
a 75.0% signal change. It was found that 500-fold concentration
of SO2�

4 , Cl� , and NO�3 , 200-fold of glucose, vitamin C, glutamic
acid, L-homocysteine, vitamin B1, vitamin B2, and phenol, 100-fold of
uric acid, and ascorbic acid, 50-fold of xanthine and adenine have no
influence on the signals of hypoxanthine. Otherwise, some metal ions
such as 500-fold of Fe3þ , Zn2þ , Al3þ , Mn2þ , Ca2þ , and Ba2þ have no
influence on the determination of hypoxanthine. The interference of
other substances with similar structures (catechol and resorcin) was
also studied because their anodic peak overlapped with the peak of
hypoxanthine, and the maximum allowable concentration could be
tolerated at 50-fold. When the meat sample was treated with
appropriate dilution, the concentrations of major matrix species were
unlikely to exceed the maximal permissible values, so that common
substances caused no significant interference with hypoxanthine
during analysis. Therefore, this method demonstrated good selectiv-
ity and could be used to analyse hypoxanthine directly without
masking reagents or further pretreatments.

3.5. Analytical performances and method validation

All the experimental parameters were carefully optimized using
univariate approach. The inserted plots in Fig. 7 show the calibration
curve of the modified electrode under the optimal experimental
conditions. It was found that there was a linear relationship
between the log current intensity and the log hypoxanthine con-
centrations over the range from 5.0�10�8 to 1.0�10�5 mol L�1.
The linear regression equation was lg Ip¼0.5379 lg Cþ1.080, where
Ip is the current intensity (mA), C is the hypoxanthine concentration
(mmol L�1), and the coefficient is 0.9965. According to the IUPAC
definition, the lower detection limit is 0.3�10�8 mol L�1. The
result was calculated with the equation LOD¼3Sb/m, where Sb is
the standard deviation of the blank measurements (n¼11) and m is
the slope of the calibration graph. The repeatability of the sensor
was estimated by voltammetric measurement of 1.0�10�6 mol L�1

hypoxanthine, and the relative standard deviation (RSD) was 3.8%
(n¼11), revealing that this method had good reproducibility. The
sampling frequency was 20 h�1 in the current condition. Moreover,
the peak current began to drop after approximately 20 cycles, which
indicated that the modified electrode surface was stable for dealing
with the deposition and stripping procedure for 20 times.

We compared our method with the other modified electrodes
reported earlier in the literatures [4–9,30–33]. As listed in Table 1,
the established method exhibits wider linear range and lower
detection limit. Moreover, this on-line SI-LOV method provided a
high degree of automation in terms of integration and flexibility,
reduced the risk of sample contamination and required smaller
volumes of solution.

The practical application of the fabricated Fe3O4/MWCNTs/b-
CD modified electrode was used to determine hypoxanthine in
fish and pork samples. All the samples were diluted to fit the
linear range of hypoxanthine, and the current response was
recorded. Table 2 listed the data of hypoxanthine determination
by Fe3O4/MWCNTs/b-CD modified electrode in different samples,
from which satisfactory results were obtained. The recoveries
were in the range from 97.5% to 103.2%, indicating that this
proposed electrochemical method can be reliably applied in the
determination of hypoxanthine. Moreover, the results gained
from the present method and those from the HPLC method were
also compared and presented in Table 2. For HPLC analysis, the
sample solutions were analyzed under the following conditions:
methanol–water (8:92, v/v) was used as the mobile phase at a
flow rate of 1 mL min�1; UV detector wavelength was set at
249 nm; and sample injection was 20 mL. The peak retention time
for the elution of hypoxanthine was 6.98 min. The concentration
values obtained from the two methods were compared with
paired t-test statistical approach. The calculated t-test values
did not exceed the theoretical values at the 95% confidence level,
indicating that there was no significant difference between these
two analytical methods.
4. Conclusions

In this study, we have prepared and explored Fe3O4/MWCNTs/
b-CD modified electrode in the sequential injection lab-on-valve
system for the rapid identification and highly sensitive detection
of hypoxanthine. Cyclic voltammetry was used to investigate
the electrocatalytic ability of hypoxanthine and linear sweep



Table 1
Comparison of different modified electrodes for hypoxanthine determination.

Electrodes Linear range

(mmol L�1)

Detection limit

(mmol L�1)

Methods System Ref.

Hydroxymethylferrocene modified carbon paste electrode 0.6–700 0.6 Amperometry Batch [4]

Osmium–polyvinylpyridine gel polymer and xanthine oxidase bienzyme

modified glassy carbon electrode

0.5–80 0.2 Amperometry Batch [5]

Sodium montmorillonite–methyl viologen carbon paste modified electrode 1–400 0.8 Cyclic voltammetry Batch [6]

Graphene sheets with water-soluble conducting graft copolymer modified

electrode

0.03–28 0.001 Amperometry Batch [7]

Multi-wall carbon nanotubes–dicetyl phosphate film modified vitreous carbon

electrode

0.5–200 0.2 Linear scan

voltammetry

Batch [8]

Mesoporous TiO2 modified electrode 0.2–50 0.05 Square wave

voltammetry

Batch [9]

Xanthine oxidase on nanocrystal gold–carbon paste electrode 0.5–10 0.1 Amperometry Batch [30]

Silk broin/cellulose acetate membrane electrode incorporating xanthine oxidase 0.1–10 0.1 Amperometry Batch [31]

Poly (pyrocatechol violet)/functionalized multi-walled carbon nanotubes

composite film modified electrode

0.5–90 0.2 Differential pulse

voltammetry

Batch [32]

A glassy carbon electrode modified with as commercially received multiwalled

carbon nanotubes

up to 700 0.141 Differential pulse

voltammetry

Batch [33]

MWCNTs/Fe3O4/b-CD modified glassy carbon electrode 0.05–10 0.003 Linear sweep

voltammetry

Automatic This

work

Table 2
Determination of hypoxanthine in meat samples.

Sample Originala

(mmol L�1)

Spiked

(mmol L�1)

Founda

(mmol L�1)

HPLCa

(mmol L�1)

Recovery

(%)

Fish 1 4.1470.011 1.00 5.0970.011 4.0970.070 99.1

2.00 6.1970.090 101.5

Fish 2 3.3970.010 1.00 4.4170.009 3.5070.057 100.8

2.00 5.3470.013 98.7

Pork 1 1.0070.013 0.500 1.5470.033 0.9770.028 103.2

1.00 2.0170.061 99.8

Pork 2 1.2670.044 0.500 1.7370.057 1.3070.012 97.5

1.00 2.2970.034 102.4

a Mean and standard deviation for 3 determinations.
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voltammetry was used for the quantification of hypoxanthine.
The response of the modified electrode to hypoxanthine exhibited
a good analytical performance in comparing with bare electrode,
which has a considerable effect on improvement selectivity and
decrease of the voltammetric detection limit. The flow strategy
could provide a simple and rapid way for hypoxanthine quanti-
fication with high sensitivity. Meanwhile, if the lab-on-valve
system is equipped with an effective solid-phase extraction
column, to eliminate interfering substance from the complex
matrix samples, this can be expected to expand the applicability
of the proposed method to a considerable extent.
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