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a b s t r a c t

A new type of amperometric hydrogen peroxide biosensor was fabricated by entrapping horseradish
peroxidase (HRP) in the organic–inorganic hybrid material composed of zirconia–chitosan sol–gel and
Au nanoparticles (ZrO2–CS–AuNPs). The sensitivity of the biosensor was enhanced by a flowerlike
polymer–copper nanostructure composite (pPA–FCu) which was prepared from co-electrodeposition of
CuSO4 solution and 2,6-pyridinediamine solution. Several techniques, including UV–vis absorption spec-
troscopy, scanning electron microscopy, cyclic voltammetry, chronoamperometry and electrochemical
impedance spectroscopy were employed to characterize the assembly process and performance of the
biosensor. The results showed that this pPA–FCu nanostructure not only had excellent redox electrochem-
u nanoparticles
orseradish peroxidase
ydrogen peroxide biosensor

ical activity, but also had good catalytic efficiency for hydrogen peroxide. Also the ZrO2–CS–AuNPs had
good film forming ability, high stability and good retention of bioactivity of the immobilized enzyme. The
resulting biosensors showed a linear range from 7.80 × 10−7 to 3.7 × 10−3 mol L−1, with a detection limit
of 3.2 × 10−7 mol L−1 (S/N = 3) under optimized experimental conditions. The apparent Michaelis–Menten
constant was determined to be 0.32 mM, showing good affinity. In addition, the biosensor which exhibits
good analytical performance, acceptable stability and good selectivity, has potential for practical appli-

cations.

. Introduction

The analytical determination of hydrogen peroxide plays a piv-
tal role in pharmaceutical, environmental, clinical and industrial
esearch, which leads to an increasing demand for development
f new methodologies for simple, rapid and reliable quantification
f hydrogen peroxide. In recent years, the development of high
ensitivity, high selectivity and low limit of detection amperomet-
ic biosensors based on enzyme has been proved to be the most
ffective tool for determination of hydrogen peroxide. In particular,
iosensors which are modified with nanomaterials have recently
roused much interest. This is thanks to their high surface reaction
ctivity, high catalytic efficiency, large surface-to-volume ratio, and
trong adsorption ability [1]. In the last decade, various nanomate-
ials including Pt [2,3], Fe3O4 [4,5], copper [6], copper oxide [7,8], Ag

9], carbon nanotube [10–12], etc., have been induced to fabricate
iosensors.

Among various nanomaterials, copper and copper oxide nano-
aterials have recently gained increasing interest, because of their

∗ Corresponding author. Tel.: +86 23 68252277; fax: +86 23 68254000.
E-mail address: yuanruo@swu.edu.cn (R. Yuan).

927-7765/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.colsurfb.2009.09.015
© 2009 Elsevier B.V. All rights reserved.

catalyzing oxidation and reduction reactions leading to senso-
rial, analytical, and technological applications [13–15]. Until now,
many biosensors based on copper and copper oxide nanomaterials
were constructed. Zhang et al. reported a sensitive non-enzymatic
hydrogen peroxide sensor based on polypyrrole nanowire–copper
nanocomposite [6]. Reitz et al. reported a non-enzymatic glucose
sensor based on CuO nanospheres [16]. Batchelor-McAuley et al.
reported the use of copper(II) oxide nanorod bundles for non-
enzymatic voltammetric sensing of carbohydrates and hydrogen
peroxide [17]. Umar et al. reported an enzymatic glucose biosensor
based on flower-shaped copper oxide nanostructures [7]. Zhang
et al. reported a non-enzymatic amperometric hydrogen perox-
ide biosensor based on porous cuprous oxide microcubes [8].
However, the flowerlike polymer–copper nanostructure composite
(pPA–FCu) had never been used for electrochemical investigation.

Nowadays, advanced hybrid materials, especially nanoparticles
enhanced hybrid materials, have been extensively used for enzyme
immobilization [5,9,18,19]. This is because these interesting mate-

rials exhibit large surface-to-volume ratio, high surface reaction
activity, high catalytic efficiency, and strong adsorption ability.
Zirconia (ZrO2), which is a semiconductor inorganic oxide with
chemical inertness, lack of toxicity, thermal stability and affinity
for the groups containing oxygen, is an ideal candidate material

http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
mailto:yuanruo@swu.edu.cn
dx.doi.org/10.1016/j.colsurfb.2009.09.015
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or immobilization of biomolecules [20,21]. In addition, the ZrO2
as intrinsic affinity for binding proteins and many literatures have

ndicated that proteins can be immobilized on ZrO2 tightly. Zong et
l. and Yang et al. reported immobilization of Mb and glucose oxi-
ase in the ZrO2 nanoparticles grafted collagen matrix and ZrO2/CS
omposite film [18,19]. Zhao et al. reported immobilization of heme
roteins on self-assembled ZrO2 film and found that electrostatic

nteraction promoted the spontaneous adsorption of protein onto
he electrode surface [22]. Chitosan (CS), derived from chitin via
eacetylation with alkali, is a natural polymer product contain-

ng rich amino groups and hydroxyl groups [23]. Its excellent
lm forming, adhesion ability, nontoxicity together with satisfy-

ng biocompatibility have gained growing interest in biomolecule
mmobilization in recent years [24,25]. Gold nanoparticles (AuNPs),
uitable for acting as “electronic wires”, have excellent conductiv-
ty, catalytic property and good biocompatibility [26,27]. On the
ther hand, many works have shown that when enzymes are immo-
ilized on gold nanoparticles, they can retain their biocatalytic
nd electrochemical activity [28,29]. Thus, AuNPs are particularly
ttractive for fabricating electrochemical biosensor. Taking into
ccount the good performance of the ZrO2, CS and AuNPs, an
dvanced hybrid material (ZrO2–CS–AuNPs) was synthesized.

In this study, a novel hydrogen peroxide biosensor based on
PA–FCu nanostructure composite and ZrO2–CS–AuNPs matrix
as developed. First, the gold electrode was modified with
PA–FCu nanostructure composite by electrodepositing the
ompound of 2,6-pyridinediamine (PA) and CuSO4. Then the
rO2–CS–AuNPs matrix, which was made up of positively charged
S hybridized, negatively charged ZrO2 (isoelectric point is 4.15)
nd negatively charged AuNPs, was modified on the pPA–FCu
omposite. Finally, HRP was immobilized on the electrode by elec-
rostatic interaction among ZrO2, AuNPs and HRP. The prepared
iosensor showed good analytical performance, indicating that
he nanostructure pPA–FCu exhibited good redox electrochemi-
al activity and remarkably electrocatalytic activity for H2O2, and
he ZrO2–CS–AuNPs matrix provided suitable microenvironment
or enzyme.

. Materials and methods

.1. Chemicals

Horseradish peroxidase (HRP, EC 1.11.1.7, type VI), gold chlo-
ide tetrahydrate, and chitosan (CS, Mw: 100,000–300,000 g/mol,
eacetylating grade: 70–85%) were purchased from Sigma Chem-

cal Co. (St. Louis, MO, USA). 2,6-Pyridinediamine (PA) was
urchased from Bailingwei Chemical Reagent Co. (Beijing, China).
irconium oxychloride (ZrO2Cl2·8H2O) was purchased from
inopharm Chemical Reagent Co. (Ltd., China). H2O2 (30%, m/v
olution) was purchased from Shanghai Chemical Reagent Co.
Shanghai, China), and stock solutions of H2O2 were prepared daily.
ll the other reagents were analytical grade and used as received.
oubly distilled water was used throughout this study. Phosphate
uffer solutions (PBS), 0.1 M at various pH were prepared by using
he stock solutions of Na2HPO4, NaH2PO4, and the supporting elec-
rolyte was 0.1 M KCl. Gold nanoparticles (AuNPs) with a diameter
bout 16 nm were prepared by reducing gold chloride tetrahydrate
ith sodium citrate at 100 ◦C for half an hour [30]. A stock solution

f 0.5 wt% CS was prepared by dissolving 0.5 g chitosan flakes in
00 mL 1% HAc at room temperature.
.2. Apparatus and measurements

Amperometric measurement and cyclic voltammetric experi-
ent were performed by using a CHI 660A electrochemical work
Biointerfaces 75 (2010) 425–431

station (Shanghai Chenhua Instrument Co., China). All the electro-
chemical measurements were performed in the three-electrode
system consisting of a modified electrode as working electrode,
a Pt wire as auxiliary electrode and a saturated calomel electrode
(SCE) as reference electrode. The electrochemical impedance spec-
troscopy (EIS) of the electrode membrane was measured with
the Model IM6e (ZAHNER Elektrick, Germany). All potentials were
measured versus the SCE.

UV–vis absorption spectra was recorded in the range of
200–800 nm using a type of Lambda 17 UV–VIS 8500 (PE Co., USA)
with a quartz cell (path length 1 cm) at room temperature.

Scanning electron micrographs were taken with a scanning elec-
tron microscope (SEM, S-3400, Japan) at an acceleration voltage of
20 kV.

2.3. Preparation of zirconia

ZrO2 gel was prepared according to the literature with a lit-
tle modification [21]: 0.10 M NH3·H2O was dropped gradually into
a 50.0 mL 0.01 M ZrO2Cl2·8H2O solution until the pH reach to 9.5
under stirred condition. ZrO2 gel could be seen as a white floccus
throughout the dropping. The resulting ZrO2 gel was centrifuged
several times, and washed with doubly distilled water.

2.4. Preparation of ZrO2–CS matrix

0.5 mg mL−1 ZrO2–CS matrix was prepared by adding 0.5 mg
ZrO2 gel into 1 mL 0.5% CS solution. Through mixing, the corre-
sponding solution gradually turned into milk white after stirring for
some time at room temperature. This resulting milk white matrix
was stored for further use.

2.5. Fabrication of hydrogen peroxide biosensor

The gold electrode (4 mm diameter) was respectively pol-
ished with 0.3 and 0.05 �m alumina slurry, and successively
cleaned by sonicating in ethanol and water. pPA–FCu composite
was electrodeposited onto the bare gold electrode in a solution
of 0.01 mol L−1 PA + 0.01 mol L−1 CuSO4 + 0.1 mol L−1 NaNO3 (pH
5.0) by cycling between −0.8 and 1.6 V at 100 mV s−1 for 15
consecutive cycles. The modified gold electrode (pPA–FCu/gold
electrode) was dried and then 5 �L ZrO2–CS matrix, 5 �L AuNPs
solution and 5 �L 2 mg mL−1 HRP solution were sequentially
added onto the pPA–FCu surface to prepare the biosensor
(HRP/ZrO2–CS–AuNPs/pPA–FCu/gold electrode). For comparison,
HRP/ZrO2–CS–AuNPs/gold electrode was prepared similarly. The
modified electrodes were stored above pH 6.0 PBS at 4 ◦C when
not in use. The facturation process of the biosensor was shown in
Scheme 1.

2.6. Experimental measurements

Electrochemical experiments were performed in a conventional
electrochemical cell containing a three-electrode arrangement at
room temperature. Cyclic voltametry (CV) was performed with a
potential swept from −0.8 to 0 V (vs. SCE) under a sweeping rate
of 100 mV s−1. The electrochemical characteristics of the modified

electrode were characterized by using impedance measurements
(EIS) in presence of 10 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) mixture
as a redox probe in PBS (pH 6.0). The alternative voltage was 5 mV,
the formal potential was 220 mV and the frequency range was
50 mHz–10 kHz.
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Scheme 1. Illustration of the f

. Results and discussion

.1. UV–vis analyses

The positions and shapes of the Soret absorption bands could
rovide information about possible denaturation of HRP proteins
31]. Fig. 1 shows UV–vis spectra of different systems. For HRP
nd AuNPs in PBS, the Soret bands lied at 402, 518 nm, respec-
ively (curves a, b). All suspensions and solutions containing HRP
isplayed a maximum adsorption at 402 nm (curves a, d). After
ixing HRP with ZrO2–CS–AuNPs matrix (curve d), no shift of the

oret band was observable, and the reason was that the interaction
etween ZrO2–CS–AuNPs matrix and HRP molecules did not change
he fundamental microenvironment of HRP and did not destroy
ts natural secondary structure. While not all the Soret bands of
uNPs lied at 518 nm, the Soret bands shifted to 521 nm after the
uNPs solution mixed with ZrO2–CS matrix (curves c, d). The slight
hift might be due to the interaction between AuNPs and ZrO2–CS
atrix.

.2. SEM characterization

The SEM micrographs of different membranes were shown in
ig. 2. The surface morphology of the electrodeposited copper was
owerlike and the pPA film was connected to the electrode sur-

ace (Fig. 2a). The diameter of single flower-shaped morphologies
as in a range of 500–700 nm (the inset in Fig. 2a). After mod-

fied with ZrO2–CS matrix, the surface morphology was porous,

nd the ZrO2 was quadrate with an average diameter of 1 �m
Fig. 2b). After mixing AuNPs with ZrO2–CS matrix, the AuNPs
ere seen dispersed inside and outside the ZrO2–CS porous matrix

Fig. 2c).

ig. 1. UV–vis spectra of (a) HRP; (b) AuNPs; (c) ZrO2–CS–AuNPs; (d)
RP/ZrO2–CS–AuNPs in the PBS (pH 6.0).
tion process of the biosensor.

3.3. Electrochemical characterization of the biosensor

EIS has been employed to characterize the interface properties
of surface-modified biosensors. It is well known that the semicircle
portion corresponds to the electron-transfer-limited process and
the semicircle diameter in the impedance spectrum equals to the
electron-transfer resistance, Ret. As shown in Fig. 3, the nyquist dia-
grams indicated almost a straight line, implying very low Ret on
the pPA–FCu nanostructures modified electrode (Fig. 3, curve a).
After ZrO2–CS matrix was immobilized on the pPA–FCu nanostruc-
tures film, the EIS of the resulting film showed an interfacial Ret

(Fig. 3, curve b), implying an increase of Ret in the redox probe.
The increase was attributed to the non-conductive properties of
CS and semiconductive properties of ZrO2. The curve c of Fig. 3
showed an interfacial Ret of the modified electrode which was mod-
ified with pPA–FCu nanostructures and ZrO2–CS–AuNPs matrix.
Compared with curve b, a decrease of Ret was seen in curve c,
owing to the AuNPs which played an important role similarly to
a conducting wire or electron conduction tunnel. When HRP was
immobilized on the ZrO2–CS–AuNPs matrix, higher interfacial Ret

was observed in the EIS of the resulting electrode, indicating that
the non-conductive HRP was incorporated on the ZrO2–CS–AuNPs/
FCu–pPA/gold electrode.

3.4. Electrocatalytic reduction of H2O2 on the biosensor

The electrocatalytic behavior of HRP/ZrO2–CS–AuNPs/
pPA–FCu/gold electrode towards the electrochemical reduction
of H2O2 was investigated by CV. Fig. 4 shows bioelectrocatalytic
behavior of the hydrogen peroxide biosensor in absence (curve a)
and presence of H2O2 (curves b and c). Upon addition of H2O2, a
sharp increase in the cathodic current and a concomitant decrease
in the anodic current were observed, showing a typical electrocat-
alytic reduction process of H2O2. Furthermore, the cathodic current
increased with an increasing H2O2 concentration, indicating that
the immobilized HRP exhibited excellent electrocatalytic activity
towards the reduction of H2O2.

The CVs of HRP/ZrO2–CS–AuNPs/pPA–FCu/gold electrode mea-
sured in PBS (pH 6.0) with 0.39 mM H2O2 at different scan rates
were showed in Fig. 5. As shown in the inset of Fig. 5, the cathodic
current was directly proportional to the square root of scan rate
from 20 to 250 mV s−1, suggesting a typical diffusion-controlled
process. Hence, the response of the resulted sensor was controlled
by diffusion of H2O2 from solution to the electrode surface.

3.5. Optimization of conditions of enzyme electrode preparation

The conditions of enzyme electrode preparation, including the

electrodeposited cycle of pPA–FCu nanostructure, the concentra-
tion of ZrO2 in the CS solution and the amount of HRP, were
optimized by successive addition of 39 �M H2O2 at an applied
potential of −300 mV. The results were shown in Fig. 6. As we
could see in Fig. 6a, with the electrodeposited cycles increased from
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Fig. 2. SEM images of differently modified electrodes: (a) pPA–FC

0 to 15, the chronoamperometric responses increased due to the
arger amount of FCu formed in the pPA film. With the electrode-
osited cycles increased to 20, the chronoamperometric responses
ecreased due to the excessive thickness of pPA–FCu composite
lm, which blocked the electron transfer and caused a decrease
f the current response. Therefore, the electrodeposited cycles of
PA–FCu composite were 15 cycles.

Fig. 6b shows the dependence of the chronoamperometric cur-
ent response to the different concentrations of the ZrO2 in the
S solution, which are 0.5, 1.5 and 2.5 mg mL−1. The maximum
esponse of the biosensors occurred at 2.5 mg mL−1, owing to the

ncreasing ZrO2 which resulted in more HRP loading. However, the
rO2–CS matrix had bad film forming ability when the concentra-
ion of ZrO2 was 2.5 mg mL−1. As a compromise, the optimal ZrO2
oncentration was 1.5 mg mL−1.

ig. 3. EIS of the different electrodes in 10.0 mM K3Fe(CN)6/K4Fe(CN)6 (1:1): (a)
PA–FCu/gold; (b) ZrO2–CS/pPA–FCu/gold; (c) ZrO2–CS–AuNPs/pPA–FCu/gold; (d)
RP/ZrO2–CS–AuNPs/pPA–FCu/gold.
; (b) ZrO2–CS/pPA–FCu/gold; (c) ZrO2–CS–AuNPs/pPA–FCu/gold.

As shown in Fig. 6c, the amount of HRP was investigated by 2,
5, 10 �L of 2 mg mL−1 HRP solution. The 5 and 10 �L had almost
the same chronoamperometric responses, which corresponded to
a saturated station. Hence, 5 �L of 2 mg mL−1 HRP solution was
selected for further experiments.

3.6. Influence of pH and applied potential on biosensor response

The pH of supporting buffer solution and applied potential,
which were variable in the experiment, could affect amperomet-
solution and the applied potential on the biosensor response was
investigated by the changes of chronoamperometric current under
constant hydrogen peroxide concentration (0.39 mM). As shown in

Fig. 4. CVs of HRP/ZrO2–CS–AuNPs/pPA–FCu/gold electrode at a scan rate of
100 mV s−1 in 0.1 M PBS (pH 6.0) without H2O2 (a), with 0.39 mM H2O2 (b) and
1.17 mM H2O2 (c).
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ig. 5. CVs of HRP/ZrO2–CS–AuNPs/pPA–FCu/gold electrode at different scan rates:
0, 50, 100, 150, 200 and 250 mV s−1 in 0.1 M PBS (pH 6.0). The inset shows the
ependence of cathodic peak currents on the square root of scan rates.

ig. 7a, the maximum response appeared at pH 5.5. Considering the
ctivity of enzyme, the buffer solution of pH 6.0 was adopted for
urther experiments.

Fig. 7b shows the dependence of the chronoamperometric cur-
ent response on the applied potential in the range from 0 V
o −600 mV. As can be seen, with applied potential decreasing,
he chronoamperometric current response increased due to the
ncreased driving force for the fast reduction of H2O2 at the lower
otentials. Considering interference of many coexisted foreign
pecies at too negative potential, a constant potential of −300 mV
as selected for amperometric measurements.

.7. Amperometric response of hydrogen peroxide biosensor

In order to check up the electrochemical responses of
ifferent modified biosensors, a comparative study of the
hronoamperometric responses for continuous addition
f H2O2 was carried out by using two kinds of biosen-
or which were prepared as: (a) HRP/ZrO2–CS–AuNPs/gold,
b) HRP/ZrO2–CS–AuNPs/pPA–FCu/gold electrode. As shown
n Fig. 8, the HRP/AuNPs–ZrO2–CS/pPA–FCu/gold electrode
howed a better chronoamperometric response than the
RP/ZrO2–CS–AuNPs/gold. The reason was that without the
id of pPA–FCu, HRP immobilized on the hybrid film-modified gold
lectrode showed direct electrochemistry for its heme FeIII/FeII

edox couples (mechanism (1)) and the result indicated that the
irect electron transfer from AuNPs–ZrO2–CS to HRP was slow.
ith the aid of pPA–FCu, the obtained biosensor showed higher

ensitivity, which indicated that pPA–FCu reacted as mediators
ould efficiently accelerate electron transfer between HRP and
lectrodes (mechanism (2)). The mechanisms of the bioelec-
rocatalytic reaction between H2O2 and HRP were shown as
ollows:

2O2 + HRP(red) → HRP(ox) + H2O (1)

RP(ox) + e → HRP(red) (at the electrode)

2O2 + HRP(red) → HRP(ox) + H2O (2)
RP(ox) + pPA–FCu(I) → HRP(red) + pPA–FCu(II)

PA–FCu(II) + e → pPA–FCu(I) (at the electrode)
Fig. 6. Influence of conditions of enzyme electrode preparation to the amperometric
response (a) the electrodeposited cycles of pPA–FCu composite; (b) the concentra-
tion of the ZrO2 in the 0.5% CS solution; (c) the amount of the HRP.

The performance of the obtained biosensor was evaluated by
detecting the concentrations of H2O2 under optimized condi-
tions. The typical current–time curve and the linear calibration
curve of the biosensor were shown in Fig. 9. In Fig. 9a, it was

shown that the biosensor responded rapidly and could obtain about
95% of the steady-state current within 10 s. This attributed to
good electron transfer of the pPA–FCu and highly porous struc-
ture of ZrO2–CS–AuNPs matrix. Fig. 9b gave the calibration curve
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Fig. 7. Dependence of the current response of modified electrode to 0.39 mM H2O2

on the pH of buffer solutions at an applied potential of −300 mV (a) and on the
applied potential in 0.1 M PBS (pH 6.0) (b).

Fig. 8. Amperometric response of different electrodes to H2O2 in a pH
6.0 PBS at an applied potential of −300 mV upon successive addition of
0.39 mM H2O2 in the time intervals of 40 s. (a) HRP/ZrO2–CS–AuNPs/gold; (b)
HRP/ZrO2–CS–AuNPs/pPA–FCu/gold.
Fig. 9. Amperometric response of the biosensor to H2O2 at an applied potential of
−300 mV in a pH 6.0 PBS (a), and the plot of steady-state current vs. H2O2 concen-
tration (b).

of the biosensor, which had a linear range of H2O2 concentra-
tion from 7.8 × 10−7 to 3.7 × 10−3 mol L−1, with a detection limit
of 3.2 × 10−7 mol L−1 (S/N = 3). The regression equation was the
form of I/�A = −11.10C/mM − 5.21, with a correlation coefficient
of 0.9990.

It is well known that a smaller Michaelis–Menten constant
(Kapp

M ) implies a higher catalytic activity of the immobilized
enzyme. The apparent Kapp

M , which gives an indication of the
enzyme-substrate kinetics, can be calculated from the electro-
chemical version of the Lineweaver–Burk equation [32]: 1/Iss =
1/Imax + Kapp

M /Imaxc. Here, Iss is the steady-state current after the
addition of substrate; Imax is the maximum current measured under
saturated substrate condition; c is the bulk concentration of the
substrate. The Kapp

M is determined by analyzing the slope and inter-
cept of the plot of the reciprocals of the Iss and c. The Kapp

M of the
obtained biosensor was calculated to be 0.32 mM. The value was
smaller than HRP co-electrodeposited with ZrO2 (Kapp

M = 8.01) [33]
and HRP bound with gold nanoparticles in the matrix of chitosan
(Kapp

M = 4.51) [34]. The smaller value of the Kapp
M demonstrated that

the synergistic effect between ZrO2 and AuNPs in CS matrix had
better retention of bioactivity of the immobilized HRP, which had
the same result as the UV–vis analyses.
3.8. Selectivity, repeatability and stability of the biosensor

The possible interference might affect the biosensors response.
It can be evaluated by the value of the current ratio, which is



J. Wang et al. / Colloids and Surfaces B:

Table 1
Possible interference tested with the obtained biosensor.

Potential interfering substance Current ratioa (%)

Ascorbic acid 98.5 ± 1.6
Ethanol 101.5 ± 2.2
l-Threonine 104.3 ± 1.2
l-Tryptophan 103.2 ± 2.5
l-Arginine 103.8 ± 1.4
l-Cysteine 101.1 ± 2.1

a Mean ± SD of three measurements.

Table 2
Application of the biosensor for determining the recovery of H2O2.

Samples COriginal/
�mol L−1

CAdded/
�mol L−1

CFound
a/�mol L−1 Recovery %

1 3.0 5.0 8.9 ± 0.2 111.2
2 10.0 20.0 27.6 ± 0.6 95.1
3 50.0 80.0 125.1 ± 3.2 96.2
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4 100.0 200.0 302.7 ± 7.9 100.9
5 500.0 600.0 1119.7 ± 13.1 101.8

a Mean ± SD of three measurements.

alculated from the current of 39 �M H2O2 with and without 2
imes interferences. In our experiment, six interferences including
scorbic acid, ethanol, l-threonine, l-tryptophan, l-arginine, and
-cysteine were tested and the results were listed in Table 1. It
howed that they did not cause interference in determination of
2O2, which was largely associated with the low working potential
f −300 mV used in the experiment.

The fabrication reproducibility of six electrodes, made indepen-
ently, showed an acceptable reproducibility with a R.S.D. of 6.8%
or determining the same H2O2 concentration of 0.39 mM. When
ot in use, the biosensors were suspended above 0.1 M PBS in a
efrigerator at 4 ◦C. The long-term stability of the proposed biosen-
or was investigated by measuring the current response of 0.39 mM
2O2 every 2 or 3 days over 1 month. It retained 92% of its ini-

ial current response after 1 month storage, showing the proposed
iosensor possessed good stability.

.9. Recovery experiment

To evaluate its applicability, the biosensors were used for deter-
ination the recovery of H2O2 by a standard addition method. The

esults were presented in Table 2 and the satisfying results demon-
trated a great potential for practical application in analysis of H2O2
n real food samples.

. Conclusion
In this study, the pPA–FCu nanostructure which had good abil-
ty to accelerate electron transfer and good ability to reduce H2O2

as first used in fabrication of the hydrogen peroxide biosensor.
lso the ZrO2–CS–AuNPs hybrid film which had good film form-

[

[
[
[
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ing ability and good biocompatible ability was used to improve the
characteristic of the biosensor. Hence, the biosensor exhibited fast
response, good affinity, wide linear range, low limit of detection,
high sensitivity, good selectivity, and acceptable storage stability.
More importance, this method could be used in practical applica-
tions and extended to other enzyme immobilization.
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