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graphene oxide, chitosan and glucose oxidase on a glassy carbon
electrode for direct sensing of glucose
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Abstract We have electrodeposited a composite film
consisting of graphene oxide, chitosan and glucose ox-
idase directly on a glassy carbon electrode (GCE)
through electrochemical reduction of a solution of the
3 components under controlled direct electrical potential.
The procedure takes only several minutes, and the
thickness of the resulting film is uniform and controlla-
ble. The GOx has uncompromised bioactivity and
exhibits reversible 2-proton and 2-electron transfer in
presence of glucose. It therefore can be used ampero-
metric sensing of glucose. The biosensor has a fast
response (<3 s), a detection limit of 0.4 μM (which is
50-fold lower compared to the biosensor prepared by
drop-casting solutions of the same materials onto an
GCE), and a linear response in the 0.4 μM to 2 mM
concentration range (which again is much better than
that of the biosensor prepared by the drop-casting meth-
od). Other features include high reproducibility, long-
time storage stability, and satisfactory selectivity. We
presume that the direct single-step electrodeposition of
this nanocomposite offers a promising approach towards
novel types of highly sensitive and stable electrochem-
ical biosensors.

Keywords Direct electrodeposition . Graphene-chitosan-
glucose oxidase . Direct electron transfer . Glucose biosensor

Introduction

Diabetes mellitus, which is one of the most prevalent and
costly diseases in the world, has become a worldwide public
health problem [1]. Nearly 40 million people are suffer-
ing from diabetes in China [2]. The metabolic disorder,
named as hyperglycemia and hypoglycemia, may result
in numerous complications such as heart disease, kidney
failure and blindness [3]. Therefore, monitoring of blood
glucose levels is very important to the treatment and
control of diabetes mellitus. Although many methods
have been developed for the determination of glucose,
amperometric biosensors based on glucose oxidase (GOx)
have become the most convenient tools for their low
detection limit, high selectivity and high sensitivity [3–5].
In recent years, the direct electron transfer between GOx
and electrode surface has received widespread attention
[4, 6–9]. Direct electron transfer between redox enzyme
and the electrode surface can be used to investigate the
enzyme-catalyzed reactions in biological systems, laying
the electrochemical basis for the study of the structure
of enzyme, kinetics and thermodynamics of redox trans-
formations of enzyme molecule, and metabolic process-
es involving redox transformations [4, 10]. However,
the direct electron transfer between the redox center of
enzyme and the electrode surface is often shielded by
the insulating outer protein shell, making the realizing
of the direct electron transfer between enzyme and
electrode surface extremely difficult. On the other hand,
direct adsorption of enzyme onto the electrode surface
may frequently result in enzyme denaturation and inac-
tivation [11]. Therefore, it is important to discover
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appropriate materials capable of retaining the bioactivity
of enzyme and connecting the active center of redox
enzyme with the electrode surface.

Graphene, a flat monolayer of carbon atoms in a closely
packed honeycomb two-dimensional lattice, has attracted
much attention since its first discovery in 2004 [12–15].
Graphene possesses many novel thermal, mechanical and
electrical properties, such as good biocompatibility, high
surface area, excellent electrical conductivity, electron mo-
bility at room temperature and flexibility. The excellent
conductivity and small band gap are favorable for transfer-
ring electrons among the biomolecules, the high surface area
is helpful to increase the loading of the enzyme molecules
on the surface [4, 14]; moreover, graphene-based chemical
sensors can also have a much higher sensitivity because of
the low electronic noise from thermal effect [4, 16, 17].
Therefore, graphene can be an excellent electrode material
to construct enzyme based biosensor, and several GR-based
glucose biosensors have been reported. Kang et al. dispersed
graphene in chitosan to prepare graphene–chitosan solution,
and coated GOx on the graphene–chitosan film. They stud-
ied the electrochemical behavior of GOx at graphene–chi-
tosan modified electrode and demonstrated the direct
electron transfer reaction of GOx at the modified electrode.
The results indicated that the graphene could provide a
favorable microenvironment for the enzyme and promote
the direct electron transfer at the electrode surface [4]. Shan
et al. developed a glucose biosensor based on immobiliza-
tion of GOx in thin film of chitosan containing graphene and
gold nanoparticles (AuNPs) at a gold electrode, the gra-
phene/AuNPs/GOx/chitosan composites film also realized
direct electron transfer between GOx and the electrode
surface and exhibited prominent amperometric response to
glucose [6]. However, in these systems, there were three
main issues. First, the graphene was obtained from chemical
reduction of graphene oxide (GO) sheets, and the graphene
solution was directly drop − casting onto the electrodes. In
that way, the thickness of the resulting films was hardly
uniform and controllable, the sensor fabrication was not so
reproducible; Second, toxic chemicals are involved during
the chemical reduction of graphene oxide (GO) sheets to
graphene; Third, graphene are not readily soluble in usual
solvent media, this make the dispersion and stabilization of
graphene in solvent media very poor. Though polymer sol-
vent can improve the solubility of graphene, the graphene
sheets tend to be agglomeration in the solvent.

To resolve these problems, the obtention of graphene-
polymer with electrochemical reduction of GO-polymer
looks promising. Compared with chemical reduction meth-
od, the electrochemical reduction method is simple and is
suitable for selective deposition of films with controllable
thickness, which exhibited good stability, reproducibility
and short response time [18–20]; And the electrochemical

reduction of GO sheets in aqueous solutions results in their
irreversible agglomerate [21], therefore, when the GO sheets
in direct contact with an electrode accept electrons to suffer
from electrochemical reduction, the resulted graphene sheets
will also be insoluble, and thus directly attach to the elec-
trode surface [22]. Moreover, the obtained graphene can be
functionalized through the integration of graphene with
conductive polymers and yield novel types of electrically
conductive nanocomposites [14, 23–27]. Recently, our
group has reported that graphene nanosheets can be electro-
deposited onto glassy carbon electrode through cyclic vol-
tammetric reduction of GO, and the electrochemical
reduction potential of GO was about −1.0 V. We also dis-
covered that the electrodeposition could occur on any con-
ducting surfaces, and moreover, the graphene coating was
very stable as a result of its poor insolubility in common
solvents [22]. Meanwhile, from the previous researches of
our group [22, 28], we found that graphene nanosheets
which electrodeposited onto glassy carbon electrode
through cyclic voltammetric reduction of GO exhibited lay-
ered nanostructures. Thus the graphene agglomeration could
be prevented, and more enzymes could be effectively
entrapped into both graphene and polymer during the
electrodeposition.

Chitosan, a linear hydrophilic polymer obtained by
deacetylation of nature chitin, is commonly used to disperse
nanomaterials and immobilize enzymes for constructing
biosensors due to its excellent capability for film-forming,
nontoxicity, biocompatibility, mechanical strength, and
good water permeability. Hu et al. described the electro-
chemical characteristics of graphene-chitosan [29]. Xu et
al. found that graphene-chitosan composite film would be
a promising platform for protein immobilization and biosen-
sor preparation [30]. Chitosan owns many primary amino
groups, and has a pKa value of about 6.3. At pH below the
pKa, free amino groups of chitosan are protonated, and
chitosan is soluble. When the solution pH is raised near or
above the pKa, many of the amino groups are deprotonated,
and chitosan becomes insoluble. Usually, electrochemical
deposition of chitosan was performed via water reduction
[31–34]. At a reducing potential, H+ in the solution was
consumed at the cathode. Using the locally generated H+

gradient, acidic side chains of chitosan were titrated. So the
solubility of chitosan changed, eventually led to the con-
trolled deposition of chitosan film, other substances such as
graphene and even enzymes could be effectively entrapped
into chitosan film during the electrodeposition [35]. Due to
its desirable properties, chitosan can be an excellent poly-
mer for the obtention of graphene-polymer with electro-
chemical reduction of GO-polymer, and can provide a
good biocompatible microenvironment for enzyme to con-
struct biosensors [4, 29, 30]. However, to our best knowl-
edge, there are no works reported on the preparation of
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graphene-chitosan nanocomposite from GO-chitosan by
one-step electrodeposition, and no reports on the construc-
tion of a graphene-chitosan-GOx biosensor by one-step
electrodeposition, which can also realize direct electrochem-
istry of GOx and maintain the bioactivity of GOx well.

Here, we first obtained graphene-chitosan nanocomposite
from GO-chitosan dispersion solution by direct electrode-
position and first described a fast and easy way for the
fabrication of graphene-chitosan-GOx film by one-step elec-
trodeposition under controlled potential. The direct electron
transfer of GOx immobilized on graphene-chitosan hybrids
was achieved, GOx maintained its bioactivity well and
exhibited reversible two-proton and two-electron transfer
reaction. The electrochemical property of the electrodepos-
ited graphene-chitosan-GOx film was studied in detail. By
combining the benefits of graphene and chitosan, the meth-
od presented a number of attractive features for glucose
determination, such as simplicity, low detection limit, high
sensitivity, fast response time and wide linear range.

Experimental

Reagents

Graphene oxide was synthesized from natural fl ake graphite
by the Hummers method [36]. Chitosan from crab shells
(85 % deacetylated) was purchased from Sigma (China-
mainland, www.sigmaaldrich.com). Glucose oxidase (EC
1.1.3.4; type II from Aspergillusniger, activity≈100 U mg−1)
and D-glucose were purchased from Amresco (USA,
www.amresco-inc.com). All other chemicals were of ana-
lytic grade and were used without further purification.
Double − distilled water was used throughout the experi-
ments. 0.05 M, pH 7.0 phosphate buffer solution was used
as the electrolyte. Chitosan solution was prepared by dis-
solving chitosan solid in 0.10 M acetic acid (HAc). The
stock GOx solution was prepared in the phosphate buffer
solution and stored at 4 °C.

Apparatus and instrumentations

All the electrochemical measurements were performed
on a CHI 660A electrochemical workstation (Shanghai
Chenhua Instrument Company, China). A conventional
three electrode system was used, which consisted of a
modified or bare glassy carbon electrode (3 mm in
diameter) as working electrode, a platinum foil as
counter electrode, and an Ag/AgCl (3 M KCl) electrode
as reference electrode. All potentials were measured
against Ag/AgCl. Amperometric studies were carried
out under stirred conditions. All experiments were done
at room temperature (∼25 °C).

The micrograph of graphene-chitosan film was investi-
gated by transmission electron microscopy (TEM, Philips
EM400ST microscopy).

One-step electrodeposition of graphene-chitosan-glucose
oxidase film onto glassy carbon electrode

Prior to electrodeposition, the GCE was polished with
0.3 μm and 0.05 μm α-Al2O3 powder until a mirror-shiny
surface was obtained, then ultrasonicated in ethanol and
twice-distilled water for 10 min, respectively. The polished
GCEwas then cleaned by cyclic voltammetry between −0.6 V
and +0.6 Vat 50 mV s−1 in 0.05 M phosphate buffer solution
(pH 7.0) until stable cyclic voltammograms were obtained.
The prepared GCE was dried with nitrogen gas and used for
modification immediately.

5 mg of GO was dispersed in 5 mL of 0.2 % (w/v)
chitosan solution with ultrasonication to form 1 mg mL−1

GO-chitosan solution. Then the GO-chitosan solution pre-
pared above and 5 mg mL−1 GOx were mixed together to
form a GO-chitosan-GOx solution. The prepared GCE was
immersed into the GO-chitosan-GOx solution while stirring
and a fixed potential of −1.0 V was applied for 400 s. After
the electrodeposition, the graphene-chitosan-GOx/GCE was
obtained. The graphene-chitosan-GOx/GCE was stored at
4 °C in a refrigerator under dry conditions when not in use.

For comparison, chitosan/GCE and graphene-chitosan/
GCE were obtained by electrodepositing chitosan or GO-
chitosan onto the GCE under −1.0 V for 400 s.

Results and discussion

Characterization of graphene-chitosan/GCE

It is well known that chemical reduction of GO sheets in
aqueous solutions results in their irreversible agglomerate
[21]. Therefore, it is reasonable to suppose that when the
GO sheets in direct contact with an electrode accept elec-
trons to suffer from electrochemical reduction, the resulted
graphene sheets will also be insoluble, and thus directly
attach to the electrode surface [22]. Figure 1(a) and (b) are
the SEM and TEM images of the graphene-chitosan com-
posite electrodeposited on the GCE surface. The SEM im-
age of the graphene-chitosan film reveals a wrinkled texture
that was associated with the presence of flexible and ultra-
thin graphene sheets. The TEM image confirms the typical
crumpled and wrinkled graphene sheet structure on the
rough surface of the chitosan film. The Raman spectra of
graphene-chitosan composite (Fig. 1(c)) shows a strong
diamondoid (D) band at 1,290 cm−1 and a weak graphitic
(G) band at 1,600 cm−1, which are attributed to two vibra-
tion modes of graphene. The D band associates with
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vibrations of carbon atoms with dangling bonds in plane
terminations of disordered graphite and the G band corre-
sponds to an E2g mode of graphite and is related to the
vibration of sp2-bonded carbon atoms in a 2D hexagonal
lattice, such as in a graphite layer [37]. The Raman result is
also similar to the previous reports [28]. All these results
indicate that graphene-chitosan nanocomposite has been
prepared on electrode from GO-chitosan dispersion by di-
rect one-step electrodeposition.

Figure 2 shows the cyclic voltammograms (CVs)
obtained by four different modified GCEs in 5 mM [Fe
(CN)6]

3−/4− containing 0.1 M KCl at 50 mV s−1. As shown,
a pair of well-defined redox peaks is observed for the bare
GCE (Fig. 2, line a), which is due to the reversible one-
electron redox behavior of ferricyanide ion. After electro-
depositing chitosan onto the bare GCE, a largely blocked
interfacial charge transfer between the bare GCE and ferri-
cyanide ion is observed (Fig. 2, line b), due to chitosan film
can act as a barrier. Compared with chitosan or even the bare
GCE surface, increased redox peak currents are observed on
graphene-chitosan/GCE (Fig. 2, line c), indicating that

graphene facilitates the conductivity and the electron trans-
fer process. When electrodepositing graphene-chitosan-

Fig. 1 a TEM image and b
SEM image of the graphene-
chitosan composite electrode-
posited on the GCE surface, c
Raman spectra of graphene-
chitosan composite

Fig. 2 Cyclic voltammograms of four different modified GCEs in
5 mM [Fe(CN)6]

3−/4− containing 0.1 M KCl at 50 mV s−1. a Bare
GCE, b chitosan/GCE, c graphene-chitosan/GCE and d graphene-
chitosan-GOx/GCE
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GOx onto GCE (Fig. 2, line d), redox peak currents decrease
and redox peak potentials separation increase compared
with those of the graphene-chitosan/GCE. This result indi-
cates that the GOx is steadily adsorbed into the graphene-
chitosan film, causing some of inhibition of the electron
transfer of the redox couple.

Direct electrochemistry of glucose oxidase immobilized
on graphene-chitosan film

The flavin group in the enzyme GOx (FAD) undergoes a
redox reaction where two protons and two electrons are
exchanged [4, 38]. The electrochemistry response of GOx
immobilized on the solid surface is due to the redox reaction
of FAD [4, 39]. Direct electron transfer between GOx and
the substrate can be achieved under appropriate conditions
and be used to prepare biosensing devices [4, 6]. Figure 3
presents the CVs of four different GCEs in N2-saturated
phosphate buffer solution (pH 7.0). No peaks are observed
for bare GCE, chitosan/GCE and graphene-chitosan/GCE
(Fig. 3, line a–c). The background current of graphene-
chitosan/GCE is much higher than that of the chitosan/
GCE, which is attributed to the large surface area of the
graphene-chitosan film. Well-defined and quasi-reversible
redox peaks are observed at graphene-chitosan-GOx/GCE
(Fig. 3, line d), which indicate the favorable direct electron
transfer between the electrode and the redox centers of GOx.
The redox peaks are attributed to the electrochemical redox
reaction of FAD, the cathodic peak (Epc) at −0.517 V is
attributed to the conversion of FAD to FADH2 and the
anodic peak (Epa) at −0.465 V is ascribed to the conversion
of FADH2 to FAD. Furthermore, the formal potential (E0′)
obtained by averaging potential values of the Epc and Epa is

−0.491 V. This E0′ value is close to the standard electrode
potential of FAD/FADH2 at pH 7.0 (25.8 °C) [7] and similar
to the previously reported results [4, 6–9]. All these results
suggest that GOx molecules retain their bioactivity on the
graphene-chitosan film.

As is well known, the direct electron transfer of GOx is a
two electron along with two-proton reaction that undergoes
a redox reaction as follows [4]:

GOx FADð Þ þ 2e� þ 2Hþ $ GOx FADH2ð Þ ð1Þ

Therefore, The influence of buffers pH on the electro-
chemical characteristic of graphene-chitosan-GOx/GCE is
also studied. Both reduction and oxidation peaks shift neg-
atively as pH increases. The formal potential (E0′) has a
linear relationship with pH from 5.0 to 10.0 (see supple-
mental Figure S1). The slope of E0′ versus pH is −61.9 mV
pH−1, which is close to the theoretical value of −58.6 mV
pH−1 according to the reaction Eq. (1) [39] for a reversible,
indicating two protons and two electrons attending in the
electron transfer process.

The mechanism of glucose determination

We describe here, amperometry technique was used to mea-
sure glucose. The mechanism is shown in Scheme 1.

The biocatalytical process for the oxidation of glucose in
the presence of GOx can be summarized as following two
processes:

First, the flavin group (FAD) in the enzyme is reduced of
by reaction with glucose to the reduced form of the enzyme
GOx(FADH2)

GOx FADð Þ þ glucose ! GOx FADH2ð Þ
þ gluconolactone ð2Þ

Then, the flavin is reoxidated by molecular oxygen to
regenerate the oxidized form of the enzyme GOx(FAD)

GOx FADH2ð Þ þ O2 ! GOx FADð Þ þ H2O2 ð3Þ

Fig. 3 Cyclic voltammograms of four different modified GCEs in N2-
saturated phosphate buffer solution (pH 7.0) at the scan rate of 50 mV
s−1. a Bare GCE, b chitosan/GCE, c graphene-chitosan/GCE and d
graphene-chitosan-GOx/GCE

Scheme 1 The construction and sensing mechanism for the proposed
glucose biosensor
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The quantification of glucose can be achieved via elec-
trochemical detection of the enzymatically liberated H2O2:

H2O2 ! O2 þ 2Hþ þ 2e� ð4Þ

Optimization of the graphene-chitosan-glucose oxidase/GCE
electrodeposition conditions

All the GO-chitosan, chitosan and GOx contents in the
deposition bath have significant effect on the performance
of the biosensor. Supplemental Figure S2 (A-C) depicts the
effects of GO-chitosan, chitosan and GOx concentrations on
the current response of graphene-chitosan-GOx/GCE to
0.2 mM glucose, respectively. As can be seen, the peak
currents rise sharply with the increased concentrations of
GO-chitosan, chitosan and GOx, and the maximum
responses are approached at the concentration of 1 mg
mL−1, 0.2 % (w/v) and 5 mg mL−1, respectively. Thus,
1 mg mL−1 GO-chitosan, 0.2 % (w/v) chitosan and 5 mg
mL−1 GOx were chosen as the optimal concentrations for
the biosensor.

The effect of the electrodeposition time is also illustrated
in supplemental figure S2 (D). The current response
increases evidently as the electrodeposition time increases
from 100 to 400 s, and no significant improvement of the
current response is observed from 400 to 900 s. These
would be caused by two reasons: first, the amount of GOx
entrapped in the film increases as the film thickness in-
creased at longer deposition time, and second, too thick film
would affect the activity of GOx; On the other hand,, longer
deposition time resulted in longer response time. Therefore,
the optimum electrodeposition time was chosen as 400 s in
our experiments.

Optimization of glucose determination conditions

To improve the performance of the biosensor, the effect of
the determination conditions such as the applied potential
and the pH value on the current response of the graphene-
chitosan-GOx/GCE to 0.2 mM glucose has been investigat-
ed in detail.

The effect of the applied potential is shown in supple-
mental Figure S3 (A). With the increase of the applied
potential from 0.3 V to 0.5 V, the response current increases
accordingly. This means that the response of the enzyme
electrode is resulted from the electrochemical oxidation of
hydrogen peroxide. When the applied potential is higher
than 0.5 V, the response current begins to level off and the
maximum response current is obtained at 0.5 V. So 0.5 V
was selected as the optimum applied potential.

The effect of pH value is studied in supplemental Figure
S3 (B). The response current increases with pH from 5.0 to
7.0 and decreases from 7.0 to 9.0 in 0.05 M phosphate

buffer solution, the maximum current response is obtained
at pH 7.0. Thus, pH 7.0 was selected in the subsequent
experiments.

Amperometric response of the glucose biosensor

The experiment was performed under the optimized condi-
tions in a stirred system. Figure 4(a) shows the current–time
plots for the graphene-chitosan-GOx/GCE with successive
injection of 0.2 mM glucose into a stirring phosphate buffer
solution (pH 7.0). As can be seen, The response time is very
fast and the steady-state current reaches another steady-state
value less than 3 s. The detection limit is 4.0×10−7M (S/N0
3), which is 50-fold lower compared to the biosensor pre-
pared by drop − casting method [4]. The calibration curve of
the graphene-chitosan-GOx/GCE has been shown in Fig. 4
(b). The graphene-chitosan-GOx/GCE displays an expanded

Fig. 4 a The steady-state current–time response of graphene-chitosan-
GOx/GCE with successive injection of 0.2 mM glucose into stirring
0.05 M phosphate buffer solution (pH 7.0). The applied potential was
0.5 V. b The calibration curve of graphene-chitosan-GOx/GCE to
different concentration of glucose in 0.05 M phosphate buffer solution
(pH 7.0)
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linear response range of 4.0×10−7M to 2×10−3M with a
correlation coefficient of 0.998, which is also much wider
than the biosensor prepared by drop − casting method [4].

The performances of the electrode and other electro-
des for the detection of glucose are compared and listed
in Table 1. Compared with the other glucose biosensors
based on GOx shown in Table 1, the graphene-
chitosan-GOx/GCE has a much lower determination
limit and a wider linear range, which may attribute to
the exciting electronic properties of graphene-chitosan
hybrids and the excellent bioactivity of GOx immobi-
lized on graphene-chitosan hybrids.

Reproducibility and stability of the biosensor

The reproducibility and storage stability of the biosensor
have also been studied. The relative standard deviation
(RSD) of the current response of graphene-chitosan-GOx/
GCE to 0.2 mM glucose at 0.5 V was 3.8 % for 10 succes-
sive measurements. For six electrodes modified identically,
the R.S.D. was 4.4 %. The stability of the graphene-
chitosan-GOx/GCE under storage conditions (0.05 M phos-
phate buffer solution, pH 7.0, 4 °C) was investigated. The
current response for 0.2 mM glucose was measured every-
day up to 30 days. Only 5 % of the current response was lost
after 1 week. After 30 days, the current response still
remained above 80 % of its initial response. The relatively
good storage stability implies that the graphene-chitosan-

GOx film is very stable and it is strongly bound to the GCE
surface. But, when the pH value of solution was lower than
6, the stability of the biosensor became very poor. This
disadvantage was induced by the detachment of chitosan
film under acid condition.

Effect of electroactive interferents and real sample study

Selectivity is important in practical use of the biosensors.
Oxidizable compounds, such as ascorbic acid, uric acid,
citric acid and acetaminophen, are usually co-existed with
glucose in real samples. The current response obtained in
the mixture of glucose and the interfering species was com-
pared with the results obtained in the pure glucose solution.
As shown in Table 2, all these interferences have little
influence on the glucose determination. This modified elec-
trode shows satisfactory anti-interference ability and can
realize the specific detection of glucose.

Human serum samples were assayed to demonstrate the
practical use of the proposed biosensor. The results of the
glucose determination and the recovery of the serum samples
are summarized in Table 3. As shown, the results obtained by
the biosensor are in good agreement with those measured by
the biochemical analyzer in the hospital and the recovery is
satisfied.

Table 1 Comparison of the
performances of glucose biosen-
sors based on glucose oxidase

IL ionic liquid; PGE pyrolytic
graphite electrode; MCM–41
hexagonal mesoporous silica

Electrode Linear range (mM) Limit of detection (μM) Reference

graphene-chitosan-GOx/GCE 0.0004–2 0.4 This work

chitosan–IL–GOx/Aunano electrode 0.003–9 1.5 [3]

GOx–graphene–chitosan electrode 0.08–12 20 [4]

GOx/MCM–41/Nafion/GCE 0.32–15.12 180 [7]

GOx/CdSnano/PGE 0. 5–11.1 50 [8]

GOx–C/Fenano paste electrode 0.00667–10 3.17 [40]

GOx-Aunano-chitosan modified Pt electrode 0.5–16 7 [41]

Table 2 Effect of possible interferents on the detection of glucose with
graphene-chitosan-glucose oxidase/GCE

Interferents Current ratioa

Ascorbic acid 1.01

Uric acid 0.84

Citric acid 0.97

Acetaminophen 1.07

a Current ratio 0 IH+I/IH. IH+I, response current to glucose (0.2 mM) in
the presence of interferents (2.0 mM); IH, response current to glucose
(0.2 mM)

Table 3 Results of the glucose assay and the recovery test for serum
samples

Serum
samples

Glucose content
provided by the
hospital (mM)

Glucose
added
(mM)

Determined by
the proposed
biosensor
(mM)a

Recovery
(%)

1 6.17 0 6.05±0.15 –

5 11.14±0.17 102

10 15.72±0.25 97

2 5.33 0 5.45±0.08 –

5 10.41±0.24 98

10 14.82±0.40 94

a Average of five determinations ± standard deviation
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Conclusion

Here, we obtain graphene-chitosan nanocomposite from GO-
chitosan dispersion solution by direct electrodeposition and
describe a fast and easy way for the fabrication of graphene-
chitosan-GOx film by one-step electrodeposition under con-
trolled potential. The direct electron transfer reaction of GOx
immobilized on graphene-chitosan hybrids is observed, and
GOx maintained its bioactivity well. The results indicate that
the graphene-chitosan film provides a favorable microenvi-
ronment for the enzyme absorption and promotes the direct
electron transfer between redox enzyme and the surface of
electrode. The electrochemical property of the electrodepos-
ited graphene-chitosan-GOx film is studied in detail. By com-
bining the benefits of graphene and chitosan, the prepared
electrode presented a number of attractive features for glucose
determination, such as simplicity, low detection limit, wide
linear range, long-time stability, high reproducibility and sat-
isfactory anti-interference ability. The direct one-step electro-
deposition graphene-polymer nanocomposite from GO-
polymer nanocomposite method developed here may offer a
new approach for developing novel types of highly sensitive
and stable electrochemical biosensors.
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