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ABSTRACT: In this paper, a Glassy Carbon Electrode (GCE) was modified with glucose oxidase
(GOx)/chitosan (CS)/Graphene Oxide (GO) nanofibers for the detection of glucose via the
electrospinning method. To do this, GOx was trapped among the two CS/GO nanofiber layers.
Concerning electrochemical properties and producing conditions, the optimum amounts for GOx
and GO in the deposited layer were 20 mg/mL and 20 % w/w, respectively. An investigation
on the effects of pH, time of oxygen dissolving in the test solution, and scan rate on electrochemical
behavior revealed that the peak current increased with increasing the oxygen dissolving time up
to 20 min and scan rate values. However, the redox processes showed more symmetric anodic and
cathodic structures at slow scan rates. Also, the highest current was obtained at a pH of 7.4.
The result showed that the electrochemical process of GOx occurs through a two-proton and
two-electron transformation. Additionally, the sensor exhibited excellent reproducibility and stability
properties. It was concluded that the use of nanofibrous structure and the immobilization
of the glucose oxidase among the two CS/GO nanofiber layers enhanced the electrochemical
properties significantly due to the penetration of water-soluble glucose molecules in the porous
nanofiber layers, which helped efficiently catalyze the oxidation of glucose and facile direct electron transfer
for GOx. The resultant modified electrodes exhibited a high sensitivity of 1006.86 uA/mMcm?
and a low detection limit of 0.02 mM with a wide linear range of 0.05-20 mM.

KEYWORDS: Graphene; Glucose Oxidase; Chitosan; Nanofibers; Cyclic voltammetry;
Electrochemical biosensor.

INTRODUCTION

Biosensors can be produced by combining molecular used identification elements that are immobile at the surface
diagnostic elements with electrical or optical converters. of transducers [1-2]. Target molecules can be detected
Enzymes and antibodies can be considered as commonly without adding additional reagents in these sensors.
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Glucose is a concentrated element because of its vital
effect in the treatment of diabetic patients. It plays
asignificant role in metabolism and disruption in glucose
function due to insulin deficiency or resistance can lead
to diabetes. Diabetes is a worldwide metabolic disease
that affects millions of people throughout the world, and
it is predicted that it will have reached up to half a billion
by 2030 [3]. Diabetes causes minor vision loss, high blood
pressure, heart disease, and kidney failure [4]. Glucose
sensors are widely used in diagnostic tests to control
diabetes in personal care, clinical laboratories, and
hospitals. Recently, researchers have used nanomaterials
to increase the performance of sensors [5].
Oxidoreductase is usually used to oxidize the glucose
on the surface of the electrode when a glucose nanosensor
is produced. Glucose oxidase (GOx) has been largely
used for this purpose bhecause of its high glucose
selection, high stability, and high activity over a wide
range of pH [6]. However, the structure, biological
activity, and function of GOx change when they are
applied directly to the naked electrode surface [7]. Efforts
have been made to increase the GOx electron transfer at
the electrode surface. To do this, the use of
semiconductors, carbon materials such as carbon
nanotubes, graphene, etc., and conductive polymers have
been reported [8, 9]. For example, a glucose biosensor
was developed based on the alginate-CuO and glucose
oxidase (GOx) nano biocomposites films [10]. Glucose
oxidase was stabilized on mesoporous carbon-ceramic
materials, and its function as a biological sensor was
studied [11]. Copper oxide nanocomposites/polypyrrole
nanofibers/graphene oxide reduction was produced for
glucose detection [12]. Glucose oxidase (GOx) was
immobilized on a poly (p-phenylenediamine)/Fe;O4-
modified glass carbon electrode to measure glucose [13].
Recently, graphene oxide has received much attention
due to its unique nanostructure, high specific surface area,
excellent optical, thermal, and mechanical properties, and
small dimensions [14]. Also, large enclosed electrons
provide a strong desire for carbon-based ring materials
such as drugs, pollutants, and biomolecules. In addition,
Graphene Oxide (GO) has unique electronic properties
useful for making electrochemical sensors [15, 16].
Polyvinyl acetate electrode reinforced by MnO,/CuO
loaded on graphene oxide nanoparticles was produced as
a glucose sensor [17]. Although GO plates are more
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hydrophilic than graphene, they are relatively
hydrophobic, limiting their biological applications due to
their extraordinary properties associated with single
plates [18]. In this regard, the use of active surface and
non-covalent adsorption of hydrophilic polymers on
sheets was suggested by researchers [19]. Protected
graphene was produced from polyvinyl pyrrolidone /
ionic liquid electrochemical biosensor/GOx with the
function of polyethylene to measure glucose [20].
Chitosan (CS), as a hydrophilic polysaccharide
biopolymer, is the result of partial acetylation of chitin
and has adhesion and non-toxic properties.

Moreover, chemical modifications are performed
easily because of amino and hydroxyl groups in its
structure [21]. Palladium/chitosan nanoparticles based on
graphene were prepared as glucose biosensors [22].
A graphene/chitosan-modified electrode was fabricated
for the selective detection of dopamine [23]. Cu
nanoparticles deformed with gold-fiber nanoparticles
have decorated graphene oxide particles as an
electrochemical biosensor for glucose detection [4].
Also, a modified glucose oxidase-graphene-chitosan
electrode was produced for direct electrochemistry and
glucose measurement [24]. As mentioned above,
chitosan, graphene oxide, and glucose oxidase were used
in combination with various substances. However, a
literary review showed that glucose was not detected by
a glass electrode modified with chitosan/graphene
oxide/glucose oxidase nanofibers. Nanofibers have
unique properties due to their diameter between tens and
hundreds of nanometers [25] and these future effects on
the electrochemical properties of nanofiber-modified
electrodes such as high surface area per unit volume, high
porosity, and small interfacial pore size. In the present
study, Graphene Oxide (GO)/Chitosan (CS) nanofibers
were prepared to modify the surface of a Glassy Carbon
Electrode (GCE). Glucose oxidase (GOx) was adsorbed
on the surface of nanofibers as a catalyst. In order to
maintain GOx at the nanofiber surface, another layer of
CS/GO nanofibers was electrospun on the surface of the
first layer. GOx was trapped between the two layers of
CS/GO electrospun nanofibers. Also, the optimal values
of GO and GOx in the modifier layer were determined
according to the electrochemical properties and
production conditions. The electrodes were described by
various methods and analyzed by electrochemical tests.
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EXPERIMENTAL SECTION
Materials

Chitosan (CS) (molecular weight: 45 kDa and degree
of acetylation> 75%) and glucose oxidase (GOx) (EC
1.1.3.4, Type X-S, 40,300 U/qg) are provided by Aldridge,
Germany. Graphene oxide (GO) nanoparticles (99%, 4-7
nm, and 1-6 layers) were purchased from US Research
Nanomaterials. Acetic acid (98%) and monopotassium
phosphate (KH.PO4), and dipotassium phosphate
(K2HPO,) salts were prepared by Merck.

Preparation of chitosan/graphene oxide (CS/GO)
composite nanofibers

The electrospinning solution was prepared by
dissolving 0.15 g of chitosan in 10 mL of acetic acid. The
mixture was sterilized at 65 °C for 12 h to obtain a
homogeneous chitosan solution. Then, different amounts
of GO (0.5, 1, 1.5, 2, 2.5, and 3 wt%) were added to the
chitosan solution, and the mixture was placed in an
ultrasonic machine for complete dispersion of the CS/GO
solution. The prepared solutions are poured into plastic
syringes, and the electrospinning process is performed
under voltage; the distance between the needle tip,
the collector, and the injection rate is 20 kV, 12 cm, and
0.5 mL/h, respectively. The electrospinning device is from
Nanoscale Technologists Company (Iran), and the
nanofibers are collected on aluminum paper.

Preparation of modified GCE with nanofibers (CS/GO)
and encapsulated glucose (GOx)

First, GCE is polished with alumina powder (0.3 and
0.05 microns) and then washed and dried with distilled
water. In order to correct GCE with CS/GO/GOx
electrospinning solution, CS/GO solution was electrified
on GCE surface, and then 0.1 ul of GOx solution (with
different concentrations of 5, 10, 20, and 30 mg/mL) was
dripped on the surface of nanofibers. After the solution
dries at 4° C, the new electrospinning layer is placed on
the surface of the first layer with the previous conditions.

Materials characterization

The surface morphology of the nanofibers was
investigated using a field scanning electron microscope
(FESEM). This analysis was performed with the TE-SCAN
MIRAS3 device. The constituents of the nanofibers were
also determined by X-ray energy-dispersing microanalyzer

4002

Research Article

Vol. 41, No. 12, 2022

(EDS, Oxford Instruments, UK). Different nanofibers were
also tested by Fourier Transform InfraRed (FT-IR) (Bruker
Tensor 27, Equinox 55). The surface area of the nanofibers
was measured using a Brunaur-Emmett-Teller analyzer
(BEISORP Mini from Microtrac Bel Corp). The pore size
distribution was calculated using a Barrett-Joyner-Halenda
analyzer based on the nitrogen desorption isotherm
by source porosity. This test was also performed by the
BEISORP Mini device from Microtrac Bel Corp. Surface
topography of different nanofibers was performed using
an atomic absorption microscope (ENTEGRA MDT-
AFMNT device of NT-MDT company). The structure of
nanofibers and the presence of graphene oxide were
confirmed by Transmission Electron Microscopy (TEM)
(PHILIPS CM30, NETHERLANDS) at an acceleration
voltage of 200 kV. The thickness of the samples was
measured using a CH-1S thickness gauge.

Electrochemical studies

Cyclic Voltammetry (CV) has been performed using an
electrochemical device (potentiosta/galvanosta) (model
PGSTAT100 from Metrohm, UK) with three electrodes
with modified or carbonized glass electrode (GCE, d= 3mm)
as the working electrode. A platinum wire and Ag/AgCl
(saturated KCI) were used as the counter and reference
electrodes, respectively. The experiments were performed
in buffer solution (0.1 M) without glucose and in the presence
of glucose with different concentrations (0-100 mM).
The effect of pH (4-8), oxygenation time (5-30 minutes),
and GOx concentration on electrochemical properties have
also been investigated. The flow of oxygen is maintained
in the solution during the electrochemical process. The surface
area of the prepared electrode is 2.8 per square centimeter.

RESULTS AND DISCUSSION
Characterization

FESEM images of chitosan and CS/GO nanofibers with
different percentages of GO are shown in Figure 1. As can be
seen, chitosan nanofibers have a uniform morphology with a
smooth surface. For CS/GO nanofibers, a uniform, moth-free
morphology has been observed when containing GO in the
range of 0.5-2% by weight, which may result from the proper
dispersion of GO nanoparticles in the polymer matrix. It has
already been stated that chitosan and graphene oxide can form
a good mixture and homogeneous solution, and the resulting
mixture is stable at room temperature [26].
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(G) and (H) TEM image of CS/GO/2 nanofibers.

However, as GO concentration in nanofibers increases,
the uniformity declines. Also, some adhesions have been
seen, especially at the junctions of nanofibers. According
to the images, the morphology of nanofibers changes when
the amount of GO is increased to 3% by weight, which
depends on the amount of crosslinking between the polymer
chains, which increases the viscosity of the spinning
solution. It has been reported that the higher adhesion of
polymer chains is due to the higher viscosity [27].

The diameter distribution diagram of nanofibers for
different samples is shown in Figure 2. As can be seen, the
addition of GO to the chitosan polymer increased the
diameter of the nanofibers. Mean nanofiber diameters for
CS, CS/GO/0.5, CS/GO/1, CS/GO/1.5, CS/GO/2,
CS/GO/2.5 and CS/GO/3 respectively 11/105, 37/121, It is
159.59, 188.45, 261/97, 326.38 and 386.49 nanometers.
The resulting nanofiber diameter distribution confirms the
formation of crosslinks among polymer chains. Similar
results have been reported by other researchers [28].
From FESEM images, it can be seen that 2% by weight
of GO is the optimal amount. The TEM image of CS/GO/2
nanofibers is shown in Figure H1. The presence of GO
on the surface of nanofibers is marked as dark spots.

Microscopic images of samples containing different
amounts of GOx are shown in Figure 3. As shown in the
pictures, after adding GOX, a layer is placed on the surface
of the nanofibers. The layer thickness increases as the GOx
values increase to 10 and 20 mg/mL. For CS/GO/2/GOx/20,
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Fig. 1: FESEM nanofiber images: (A) CS (B) CS/G0/0.5, (C) CS/GO/1, (D) CSIGO/1.5, (E) CS/GO/2, (F) CS/GO/2.5, CSIGO/3

some cracks and pores have been observed on the surface
of the nanofibers, possibly due to the interaction of GO,
the CS, and GOx chains. Increasing the amount of GOXx to
30 mg/mL causes the pores to fill between the nanofibers,
and the morphology of the nanofiber layer changes from
nanofiber to film. The average diameters of nanofibers are
CS/GO/2/GOx/5, CS/GO/2/GOx/10 and CS/GO/2/GOx/20,
respectively, 270.55, 280.5 and 291.5 nm. The TEM image
of CS/GO/2/GOx/20 nanofibers is shown in Figure D3,
which shows the shell-brain structure of the nanofibers.
According to the figure, a thin layer thickness of 21 nm is
placed on the surface. Therefore, it can be concluded that
20 mg/mL GOXx is the optimal amount.

AFM analysis can be a good way to check for the
presence of nanoparticles on the surface of nanofibers.
The wvarious AFM images of CS, CS/GO/2,
CS/IGO/2/GOx/20, and CS/GO/2/GOx/30 nanofibers
are shown in Figure 4. Mean surface roughness (Sa) of
the roughness profile for CS, CS/GO/2, CS/IGO/2/GOx/20
and CS/GO/2/GOx/30 samples respectively 20.2, 29.7,
1.29 and 27.3 nm is calculated. It is observed that the
amount of Sa increased after the addition of GO to the
polymer matrix, which is related to the accumulation of
nanoparticles in nanofibers [29]. In previous research, it
has been reported that graphene sheets in composites are
crumpled and wrinkled [30]. The value of Sa for the
CS/G0O/2/GOx/20 sample is significantly reduced compared
to the CS/GO/2 sample, which can be due to the presence of
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Fig. 2: Diagram of nanofiber diameter size distribution for different samples.

GOx on the surface of nanofibers, which increases the
adhesion of nanofibers and fills the cracks on the surface
of CS/nanofiber. The value of Sa for CS/GO/2/GOx/30 is
the lowest among the samples due to the change in the
morphology of the sample from nanofiber to film.

The FT-IR spectra of CS/GO/2 and CS/GO/2/GOx/20
nanofibers are shown in Figure 5. For CS/GO/2, the 3418
1/cm band corresponds to the overlap of the NH tensile
vibration in CS and the tensile vibration of the OH bands
in GO. Also, the band at 1684 1/cm is related to the
vibrations of the COOH group in GO, which are
transmitted to lower wavelengths (the tensile vibration of
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the COOH group in pure GO appears at 1719 1/cm [31]).
The peak at 1608 1/cm corresponds to the C = C groups
of graphene oxide, which are transmitted at lower wavelengths
compared to the pure GO that appears at 1630 1/cm [32]. These
observations are due to the formation of hydrogen bonds
between GO and the chitosan hexa ring. The peak
observed in 1571 1/cm is related to the vibration band
of the chitosan secondary amine group [33]. C-OH
and C-O-C vibration peaks in GO layers were observed
in 1383 1/cm and 1071 1/cm, respectively.

For nanofibers, CS/GO/2/GOx/20, 1/cm band 1544 and
1640 1/cm are related to the flexural vibration of NH amide (I1)
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Fig. 3: FESEM images of nanofibers: (A) CS/GO/2/GOx/5 (B) CS/GO/2/GOx/10, (C, D) CS/GO/2/GOx/20, (E) CS/GO/2/GOx/30,
(F) TEM image of CS/GO/2/GOx/20 nanofibers.
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Fig. 4. AFM images of nanofibers: (A) CS (B, C) CS/ GO, (D,E) CS/GO/2/GOx /20, (F)CS/GO/2/GOx/ 30.
and the tensile vibration of C = O amide (1) group. The this peak show a decrease compared to pure GO reported

peak 1077 1/cm is related to the tensile vibrations R-C=0 at 1100 1/cm [34] and indicate the formation of hydrogen
(steel group) or C-O (alkoxy group). The wavelengths of bonds between GOx and GO. 3298 1/cm bond is related
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Fig. 5: FT-IR nanofiber images: (A) CS/GO/2 (B) CS/GO/2/GOx/20.

the overlap of tensile vibrations of OH and NH groups.
As can be seen, the peak is wider and transmitted to lower
wavelengths, which confirms the formation of hydrogen
bonds between GOx and GO relative to CS/GO. The other
observed peaks are similar to the CS/GO spectrum.

BET and BJH analyses were performed to confirm that
the selected values are optimal for GO and GOx. BET
values for different samples are given in Table 1. As can
be seen, the BET value for CS nanofibers is 233.37 m?/kg,
which has increased to 240.05 and 361.65 m?kg for
CS/G0/0.5 and CS/GO/2, respectively, due to the addition
of GO with the surface area is high to chitosan polymer.
As the amount of GO increases to 2.5% and 3% by weight
in composite nanofibers, the amount of BET decreases,
which can be related to the accumulation of nanoparticles
and the adhesion of nanofibers. The results of FESEM and
BET analyses show that 2% by weight of GO is optimal.
The BET value for nanofibers is CS/GO/2/GOx with
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different amounts of glucose oxidation. It is clear that
increasing the amount of GOx to 20 mg/mL leads to an
increase in the amount of BET, which is probably due to
the formation of a hole in the sample. The cause of this
phenomenon is not known to us, but it could probably be
due to the interaction of CS, GO, and GOx with each other.
The presence of pores on the surface of CS/GO/2/GOx/10
and CS/GO/2/GOx/20 nanofibers is confirmed by the pore
size distribution curves (Figure 6). As shown in Figure 6,
relatively narrow rod structures with centers of 490, 576,
689.5, 710, 835.3, and 488.1 nm for CS, CS/GO/2,
CS/GO/2/GOx/5, CS, respectively. GO/2/GOx/10,
CS/GO/2/GOx/20 and CS/GO/2/GOx/30 have been
observed. For CS/GO/2/GOx/10 and CS/GO/2/GOx/20
nanofibers, peaks at 21 and 26.4 nm have been observed,
indicating the mesoporous structure of the nanofibers [38].
Increasing the pore volume values is related to increasing
the average diameter of nanofibers [39, 40].
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Table 1. BET values of different samples.

4 Sample BET (m?%g) Vm (cm?®/g) Vm (cm?®/g) BET (m?%g) sample )
CS 233.37 25.97 36.64 350.14 CSIGO/2/GOx/5
CS/GO/0.5 240.05 26.98 33.98 363.52 CS/IGO/2/GOx/10
CS/GO/1 268.41 29.17 40.31 376.44 CS/GO/2/GOx/20
CS/GO/1.5 311 33.68 23.35 101.77 CS/GO/2/GOx/30
CSI/GO/2 361.65 38.1
CSIGO/2.5 315.35 34.04
\CS/GO/S 277.16 29.85 )
018 1 g
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Fig. 6: Pore size distribution curves of different samples.

Electrochemical studies
Investigate the relationship between electrospun layer
thickness and electrochemical properties

In order to investigate the relationship between the
thickness of the electrospun layer and the electrochemical
properties, two different amounts of electrospinning
solution (0.7 and 1 mL) were electrified on the surface of
the GCE electrode. Experiments were performed on a 0.1
M oxygen-saturated phosphate buffer (pH = 7.4) without
glucose at a scan rate of 10 mV/s. The thickness of the
layer for solution for injection was 0.7, and 1 mL was
389.7 and 645.3 um, respectively. Figure 7 shows the CV
curve for GCE and CS / GO with different thicknesses.

As can be seen, the current is increased by increasing
the amount of polymer injection (layer thickness), which
is related to improving the electrical conductivity
by increasing the amount of GO with high conductivity
in the electrified layer and rapid electron transfer.
However, the difference between the cathode peak
current for the electrode with 0.7 and 1 mL of polymer
values is not significant. On the other hand, electrode
production time can be an essential parameter in new
electrode production. For this purpose, 0.7 mL of injected
polymer is selected as the optimal.
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Fig. 7: Comparison of cyclic voltammetry of GCE electrode and
GCE-CS/GO/0.7 and GCE-CS/GO/1 electrodes (10 mV/g, GO
concentration equal to 2 wt%, phosphate buffer 0.1 M and 7.4 = pH)

Investigation of the effect of GOx

The effect of GOx value on electrochemical properties
has been investigated by different values of GOx on the
electrode surface, and the results are shown in Figure 8.
As shown in the figure, the amount of GOx in the
nanofiber layer increases the flow. Also, the redox peak
voltage is transferred to higher values. The biocatalytic
reaction of glucose oxidation is performed by reducing
the flavin group of the enzyme by the glucose reaction.
This reaction continues with re-oxidation of flavin by oxygen
and reduction of the oxidized form of flavin [41-42]. Glucose
biosensors based on direct electrochemical behavior
between the electrode and trapped glucose oxidase have
been highly recommended due to their high selectivity,
sensitive glucose detection, and relatively low
manufacturing cost [43, 44]. Figures 7 and 8 show that no
peak is observed in the voltammetric curve of the GCE-CS /
GO cycles, but a separate redox peak pair is obtained at the
electrode containing GOX, indicating the GOx redox peak.
The maximum anodic potential peak (Epa) and
the maximum cathodic potential peak (Epc) is observed
at -0.473 and -0.529 volts, respectively. Also, the maximum
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Fig. 8: Modified GCE cycle voltammetry with different
amounts of GOx in oxygen-saturated phosphate buffer at a

scan rate of 10 mV/s and a glucose concentration of 0.1 mM.

peaks of anodic and cathodic currents (Ipa and Ipc) are
observed at 43.9 and -15.8 microamperes, respectively.

It is clear from the results that the current and potential of
CS/GO/GOx nanofibers are higher than similarly modified
electrodes [45, 46], and it is related to the high surface area
and porous structure of nanofibers that increase the
interaction between GOx, GO and the electrode. However,
the flow and potential values for CS/GO/2/GOx/30 are very
close to the sample values of CS/GO/2/GOx/20, which could
be due to the filling of the pores in the nanofibers. It can
reduce the porosity and surface area of the nanofiber layer
and limit the interaction of GOx, GO, and GCE. Therefore,
20 mg/mL is the optimal amount selected. The results
of BET and BJH analysis are in complete agreement with
the results othe f electrochemical analysis.

Investigate the effect of scanning speed

The results of the effect of different scan speeds on
electrochemical properties are shown in Figure A9. As
shown in the figure, as the scan speed increases from 10 to
100 mV/s , the redox current also increases, indicating
a GOx redox reaction on the electrode surface, which is
a quasi-reversible controlled electrochemical process [47].
However, the redox process shows more anodic and
cathodic structures at low scan speeds.

Linear diagrams of anode and cathode current versus
scan speed are shown in Figure B10. As can be seen, as the
scan speed increases, the redox peak current increases
linearly. The GOx surface coverage is calculated
according to Equation (1) using the slope value of the scan
speed and peak flow diagrams [48].
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Fig. 9: A) Cyclic voltammetry of CS/GO/2/GOx/20 in phosphate
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150 B) Linear diagram of peak current versus scan speeds.

n2F2vAD

4RT &y
Where Ip, n, A, F, D, V, R, and T are the maximum current
in the impedance, the number of electron transitions in the
redox process, the electrode area in square centimeters,
the Faraday constant in Kelvin per moles, the surface coverage
in terms of moles per square centimeter, and concentration in
terms of moles per square centimeter, scan speed in volts per
second, gas constant in joules in terms of kelvin per moles, and
temperature in terms of kelvins. Assuming the number of
electrons transferred in the redox is equal to 2 (n= 2), the
value of the parameter D is set at 1.8 x 10.4 mol per square
centimeter. The presence of more active sites on the surface
of nanofibers is the reason for the appearance of more D
values [49]. According to the value of R2, the curves (Figure
B10) have linear relations. Also, the peak-to-peak separation
is small, which confirms that the modified electrode redox
process is a reversible and surface-limiting process. The
potential difference (AEp) can be calculated by Equation (2),
and then the electron transfer rate can be determined.

Ip=
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604
AEp = |Epc — Epal (2)
Where Epa and Epc are the anodic and cathode g a0
voltages, respectively. -
The Epa and Epc diagrams versus the logarithm of the "
scanning speeds are shown in Fig. 11.
The transfer rate constant (ks) for GOx in the modified
GCE can be estimated using the Lawrence model -30 T B x .
. -0.2 -0.4 -0.16 -0.8
(Equation (3)) [50]. E (V)

logKs =« log(1—) + (1—)log
RT o (1—x)nFAEp

2.3RT ®)

Which ks is the transfer coefficient, n is the number of
electrons transferred, and a is the standard heterogeneous
velocity constant, V is the displacement velocity (volts per
second), R is the gas constant (joules per Kelvin in moles),
F is the Faraday constant, and Ep is the cathodic peak
potential. Using the slope of the curves in Figure 10, a is
calculated to be 0.49. Also, the ks value for the modified
GCE is set at 3.27 per second. The electron transfer rate
indicates the rate of reduction of the oxidation reaction on the
electrode. The value of ks further improves the communication
between the active GOXx site and the electrode.

Investigate the effect of pH

The effect of solution pH on the electrochemical
behavior of the prepared electrode was investigated, and the
results are shown in Figure 11. According to the figure, it
can be seen that increasing the pH value has transferred the
anodic and cathodic potential to lower values, and this is due
to the FAD redox process, in which both anodic and
cathodic peak currents have increased. The maximum
current was obtained at pH = 7.4, and a further increase

Research Article

Fig. 11: A) The voltammetry of the electrode cycles prepared
in the phosphate buffer solution with different pH values (ae)
equal to 6.5, 7.4, 8.2, 9, and 9.5 with a scan speed of 10 mV/s B)
Linear diagram of potential Redox versus pH.

in pH decreased the amount of current, which could be due to
the degradation of the enzyme and H + rEquired compounds
for the electrochemical process. Previous research has also
reported that the biological activity of GCE-modified GCE is
pH-dependent. The relationship between pH and redox
potential (E'0) is shown in Figure B11. It can be seen that
the redox potential has changed linearly in the pH range
of 3.5-9.5 with a slope of -5.25 mV on pH. This value is close
to the theoretical value of -58.6 millivolts per pH, which
indicates the transfer of two protons and two electrons
in the electrochemical process [51].

Glucose diagnostic test

Glucose detection was performed by changing the glucose
concentration in the electrochemical test solution, and the
results are shown in Figure 12. After adding glucose, the cyclic
voltammetric shape changed with increasing peak reaction
current and decreasing oxidation. The addition of an
electrocatalytic reaction (Equations (7) and (8)) is inhibited
by reducing the concentration of the oxidized form of GOx
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Fig. 12: A) Voltmetry of the modified electrode cycle in an oxygen-saturated phosphate buffer solution (0.1 M, pH= 7.4) at different
glucose concentrations and a scan rate of 10 mV/s, B) Calibration curve: Linear correlation between currents Cathodic peak with

glucose concentration.

on the electrode surface by a catalytic-enzyme reaction
(Equation (9)) and reduces the reaction current.

The cathodic peak current (Ipc) is related to the GOx
reaction (FAD). However, the peak anodic current (Ipa) is
related to the oxidation (FADH2) of GOx [51]. Reduction
in flow is also related to oxygen consumption [52].

GOD(FAD) + 2H* + 2 e~ « GOD (FADH,) (7)
GOD(FADH,) + 0, — GOD (FAD) + H,0, (8)
GOD (FAD) + glucose - GOD (FADH,) +

gluconolactone 9

The calibration curve shows a linear region of cyclic
voltammetric current versus glucose concentration in
Figure B12. Depending on the shape, the linear region is
in the concentration range of 0.05 to 20 mmol. Also, the
sensitivity and detection were 6.86 nA/mm and 0.02 uM,
respectively [52-54].

Numerous articles have suggested that biosensors may be
a good choice for determining human blood glucose levels.
It has also been reported that the normal range of blood
glucose concentrations is 4.6-6.6 mM, and concentrations
above 7 mM are considered as diabetic levels [54].

Electrocatalytic behavior of the modified electrode with
respect to oxygen

The mechanism for detecting glucose with GOXx is based
on the detection of H,O,, which is produced during glucose
oxidation in the presence of dissolved oxygen. The glucose
detection mechanism is presented in Equations (11) and (12).

The reason for electron transfer between GOx and the
electrode is the rapid conversion of (FAD) GOx
to (FADH;) GOx. Then, (FADH,) GOx electrocatalizes
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Fig. 13: Voltmetry of the modified electrode cycle in phosphate
buffer solution (0.1 M, pH= 7.4) at a concentration of 0.1 mM
glucose and different oxygenation times of 5, 10, 15, 20, 25 and
30 minutes.

dissolved oxygen by reproducing (FAD) GOx (Equation
(13)); These reactions are repeated many times.

Glucose + 0, - Gloconolactone + H,0, (10)
GOD(FAD) + 2H* +2e~ —< GOD (FADH,) (11)
H,0, - 0,4+ 2e~+ 2H* 12)
GOD(FADH,) + 0, - GOD (FAD) + H,0, (13)

The H,0, produced is oxidized by an electrochemical
reaction to produce a redox current, proportional to the
glucose concentration in the test solution. The effect of
dissolved oxygen in solution on electrochemical properties
has been investigated by different times of the presence of
dissolved oxygen (5-30 minutes). The results (Figure 13)
show an increase in peak current with an increase in
oxygenation time above 20 minutes. After that, the current
almost proves to indicate saturation of the solution with
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oxygen. Increasing the oxygen concentration leads to
increasing the cathodic peak current and decreasing
the anodic peak current due to the electrocatalytic reaction
of dissolved oxygen and reducing GOD (FAD) (Eg. (13)).

CONCLUSIONS

In this study, CS / GO nanofibers were electrified on the
surface of GCE to produce a glucose biosensor. GOx
is trapped as an enzyme between two layers of nanofibers.
Characteristic analysis showed that a uniform, no-willow
morphology with suitable electrochemical properties was
obtained when the values of GO and GOx were 2% by
weight and 20 mg/mL, respectively. Examination of
operating parameters showed that the optimal oxygenation
time and pH values are 20 minutes and 7.4, respectively.
Electrochemical results showed that the prepared glucose
biosensor had high sensitivity (1006.866 pA/mm), wide
linear amplitude (0.5-0.20 mmol), and a low detection
limit (0.02 mmol). The results of the real-sample analysis
showed that the prepared biosensor could be a good
candidate for detecting blood glucose levels.
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