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Abstract

In this work, a new sensitive enzyme-based electrode for electrochemical cholesterol biosensor was fabricated based on a
nanocomposite of Au nanoparticles, ZnO nanoparticles and multi-wall carbon nanotubes (Au/ZnO/MWCNTs). The nano-
composite was prepared by sol-gel method and deposited on FTO substrate by dip coating, followed by cholesterol oxidase
(ChOx) enzyme immobilized (ChOx/Au/ZnO/MWCNTs). Structural properties and morphology of the nanocomposite have
been studied using X-ray diffraction (XRD) and Field emission scanning electron microscopy (FESEM). The sample was
subjected to Fourier transform infrared spectroscopy (FTIR) to determine functional groups. Electrochemical behavior of
the electrode was studied by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques as a function of
cholesterol concentration. Electrochemical impedance spectroscopy (EIS) was also considered to study of surface modified
electrodes. The ChOx/Au/ZnO/MWCNTs electrode has been found to have enhanced electron transfer and display excellent
analytical linear performances. The fabricated electrode exhibited low detection limit (0.1 pM), high sensitivity (25.89 pA/
pM) evaluated from DPV data in the detection range of 0.1-100 uM and high selectivity in the determination of cholesterol
over glucose and uric acid. The application of the ChOx/Au/ZnO/MWCNTs electrode in detection of cholesterol in human
serum was also confirmed.

Keywords Electrochemical biosensor - Cholesterol - Cholesterol oxidase - Au nanoparticles - ZnO nanoparticles - Multi-

wall carbon nanotubes - Au/ZnO/MWCNTSs nanocomposite

Introduction

Cholesterol (C,;H,40) is one of the most important biomol-
ecules and is one of the essential components of body. Its
major role is to provide strength and flexibility to the bio-
logical membrane of cells and is present in several nerve
tissues, brain and also serves as a source for preparation
of fatty acids. Despite the undeniable importance of cho-
lesterol, the excessive amounts of it can be dangerous for
human health. The maximum amount of cholesterol in
healthy human serum should not be more than 200 mg/dL
(5.17 mM) [1]. The presence of excess cholesterol in the
blood serum causes arteriosclerosis, which can lead to heart
disease, arterial obstruction, kidney disease, and myocardial
infarction. On the other hand, low levels of cholesterol in the
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blood can lead to anemia. Therefore, cholesterol level in the
blood serum is one of the important parameters that should
always be under control. Today, there is a great interest to
find an exact, simple and user friendly method to determine
cholesterol level. So far, many methods such as classical
chemical methods, enzymatic assays, chromatography, mass
spectrometry, colorimetry and electrochemical methods
have been used to determine cholesterol level [2-4]. Recent
advances in cholesterol biosensors involve introducing nano-
materials to achieve better performance and low-cost biosen-
sor in comparison with the traditional methods [5—7]. On the
other hand, enzyme-based electrochemical biosensors have
been widely considered in order to determine cholesterol due
to their low cost, rapid determination and high selectivity
[8-10]. Cholesterol oxidase (ChOx) is the most commonly
used analytes to provide an enzyme-based cholesterol bio-
sensor [11]. An enzymatic reaction using ChOXx is as follows
in which ChOx accelerates the oxidation of cholesterol to
H,0, and Cholest-4-en-3-one [11].
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Biocompatible nanomaterials open a promising field
toward the development of enzyme-based electrochemical
biosensors. Sensors based on carbon nanotubes (CNTSs) have
shown excellent performance in determining biomolecules
such as cholesterol, glucose, protein cancer biomarkers and
many others [7, 8, 12—14]. Owing to their good conducting
property, chemical stability and high surface area, CNTs
can be used for low level detection of biomolecules. CNTs
enhance the electrode surface coverage and can be used as
the interface between electrodes and the oxidation-reduc-
tion center in biomolecules. The ChOx on the CNTs-based
electrode showed a pair of semi-Gaussian peak of oxida-
tion—reduction for the direct transmission of electrons [9,
11].

Studies also showed that modification of CNT-based elec-
trodes with metal and metal oxide nanoparticles exhibited a
huge capacitive-current in some electrolytes. The main roles
of nanomaterials are to provide a higher surface area for the
immobilization of biomolecules and amplification of sig-
nals. So, they can lower the working potential and enhances
the selectivity and sensitivity of the biosensor [15-18]. The
use of metal nanoparticles such as Au, Ag or Pt in electro-
chemical biosensors has become very popular, due to their
excellent biocompatibility, unique role in charge transfer for
the improvement of conductivity, catalytic activity and their
ability to provide a stable immobilization for biomolecules
[6, 17]. Shahid Mehmood et al. studied the effect of different
concentrations of Au nanoparticles in the electrochemical
response of modified Au-MWCNT electrodes in determining
cholesterol [17]. The charge transfer rate is dependent on the
concentration of the Au nanoparticles, which has an upward
trend with the increase in concentration. Various metal oxide
nanomaterials have received great attention for biosensing
because of characteristics such as biocompatibility, catalytic
and optical properties and electron transfer kinetics. Among
them, zinc Oxide (ZnO) as a wide direct band gap semicon-
ductor (3.37 eV) exhibits a very efficient electron transfer. In
addition, ZnO nanocatalysts have an isoelectric point (IEP)
above 9.5, which is useful for stabilizing low biomaterials
such as cholesterol oxidase (IEP ~5.0) in buffer solutions
[19]. Furthermore, the biocompatible nature of ZnO nano-
particles makes it a good candidate to interact with biomol-
ecules at different temperature and pH levels [20].

Although modified CNTs-based biosensors are promis-
ing, much further advancement is needed to be addressed
until they can be used as a rapid, accurate and cost-effective
clinical tool. The creation of nanohybrid materials can be
regarded as an efficient strategy for developing high-per-
formance devices and even new detection techniques such
as photoelectrochemical biosensing [21, 22]. So, the major
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aim of the present work is to develop a simple and sensitive
modified electrode for the efficient determination of choles-
terol and a promising candidate for photoelectrochemical
biosensing.

In this paper, Au/ZnO/MWCNTSs nanocomposite was pre-
pared by sol—gel method and deposited on Ar plasma treated
FTO glass substrate by dip coating. Then the enzyme of cho-
lesterol oxidase was stabilized on the electrode. To examine
the effect of Au on the sensor properties, ZnO/MWCNTs
electrode was also fabricated and the electrochemical per-
formance of two electrodes in determination of cholesterol
was studied by electrochemical measurements. The synthe-
sized nanocomposites were also characterized with X-ray
diffraction (XRD), Field emission scanning electron micros-
copy (FESEM) and Fourier transform infrared spectroscopy
(FTIR).

Materials and methods
Materials

FTO coated glass with a resistance of 40 O/sq was used as
conductive substrates. Multi-wall Carbon nanotubes over 1.0
micron in length with the outer diameter of about 30 nm
were obtained from US nano-Company. Nitric acid, zinc
acetate dihydrate (Zinc(Acc),.2H,0) and Tetra chloric acid
(HAuCl,) were purchased from Merck Company. Sodium
hydroxide (NaOH) and other chemical materials, such as
cholesterol, NaH,PO,, Triton X-100, ethanol and ChOx
enzyme have been provided from the Sigma Aldrich Com-
pany. Phosphate buffer solution (PBS, 0.1 M, pH=7) was
prepared with different NaH,PO, ratios.

Synthesis of ZnO/MWCNTs and Au/ZnO/MWCNTs
nanocomposites

Functionalization of CNTs is the first step in the preparation
of nanocomposites and plays an important role in facilitat-
ing the bonding and placement or loading of particles on
the surface wall of the MWCNTs. It increases the internal
energy of the MWCNTSs and generates active sites on the
surface of the MWCNTs. In this study, certain amount of
MWCNTs was treated with 80 mL of aqueous nitric acid.
Mixture of MWCNTs and acid solution were heated until
all the acid was evaporated. After that, the functionalized
MWCNTs were washed thoroughly with distilled water until
the neutral pH value was obtained. Sample was then dried
at 140° C for 2 h.

To prepare ZnO/MWCNTSs nanocomposite, 2.2 gr zinc
acetate and 4 gr sodium hydroxide was dissolved into a
solution of 35 mL distilled water and 40 mL ethanol. The
ultimate solution was stirred for 1 h. After that, 47 mg of
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functionalized carbon nanotubes was added to the above
mixture and dispersed using ultrasound bath for 1 h. Then,
the mixture was maintained at 120 °C for 12 h. To prepare
nanopowder, the precipitate was collected by centrifuga-
tion, washed several times by distilled water and annealed
at 250 °C for 30 min.

For preparation Au/ZnO/MWCNTs nanocomposites, the
0.1 molar solution of HAuCl, in distilled water was added
drop wise into the mixture of zinc acetate and sodium
hydroxide while stirring before adding carbon nanotubes.
Then the same process was repeated to obtain Au/ZnO/
MWCNTs nanocomposites.

Fabrication ZnO/MWCNTs/FTO and Au/ZnO/
MWCNTs/FTO electrodes

The ZnO/MWCNTSs/FTO and Au/ZnO/MWCNTSs/FTO
electrodes were fabricated by deep coating method. The
2x2 cm? FTO glass substrates were firstly washed with
alcohol and acetone several times in ultrasonic bath then
were modified by Ar plasma treatment for 10 min. For
each electrode fabrication, the modified FTO substrate was
immersed in its ultimate solution for 12 h and after taking
out, it was annealed at 250 °C for 30 min.

Stabilizing the ChOx enzyme on the electrodes

In order to stabilize the enzyme on the electrodes, 1 mg of
the enzyme was dissolved in distilled water and physically
dispersed on the surface of the electrodes. Then, the elec-
trodes were stored in refrigerator at a temperature of 4° C
until it was analyzed (usually up to about 3 days).

Characterization techniques

The crystalline structure of nanocomposites was char-
acterized using X-ray diffraction (XRD, D8 model,
2002, Bruker Company) operating with Cu Ka radiation
(A=0.154060 nm). Field emission scanning electron micros-
copy (FESEM, JEOL JEM6700F) was used to investigate
the morphology. A Fourier transform infrared spectros-
copy (FTIR, Perkin-Elmer) was employed to demonstrate
the chemical bonds and surface chemistry of the prepared
samples in the range of 400-4000 cm™'. Electrochemical
measurements were performed with a three-electrode poten-
tiostat/galvanostat (Emstae 3T). Standard Platinum wire
counter electrode and Ag/AgCl reference electrode used to
setup the electrochemical cell. ZnO/MWCNTs, ChOx/ZnO/
MWCNTs, Au/ZnO/MWCNTs and ChOx/Au/ZnO/MWC-
NTs were used as working electrode. All the tests were car-
ried out at the ambient temperature of laboratory and the
supporting electrolyte was the 0.1 molar phosphate buffer
solution (PBS) at a pH of 7.0. Voltammetric measurements

(CV and DPV) were performed to determine cholesterol in
the potential range of 0—1 V. Cyclic voltammetry (CV) was
recorded in the 30 mL PBS at the scan rate of 100 mV/s.
Differential pulse voltammetry (DPV) was done at the pulse
amplitude of 25 mV and the scan rate of 100 mV/s in the
30 mL PBS and 1 mL NaCl (0.1 molar) as supporting elec-
trolyte. Electrochemical impedance spectroscopy (ELS) was
used to investigate the surface of electrodes and its data is
presented in the form of Nyquist plot. The impedance was
measured in the frequency range from 10° to10~' Hz in a
potential of open-circuit value of +0.25 V versus Ag/AgCl
with a sinusoidal signal of 10 mV in the presence of 4 mM
[Fe (CN) ¢1*~*~ mixture (1:1).

Results and discussion

Figure 1 shows the XRD spectrum for ZnO/MWCNTs and
Au/ZnO/MWCNTs nanocomposites. It is observed that
the XRD pattern of Au/ZnO/MWCNTs is very similar to
that of ZnO/MWCNTs, indicating the formation of Au
in addition of ZnO crystalline structure. The crystalline
structure parameters of the nanocomposites are summa-
rized in Table 1. For ZnO/MWCNTSs nanocomposite, the
diffraction peaks at 20 =31.75°, 34.40°, 36.19°, 56.53°,
62.81°, and 67.89°, respectively, corresponds to (100),
(002), (101), (110), (103) and (112) planes which can be
indexed to hexagonal wurtzite structure of ZnO (JCPDS
Card No.01-080-0074).The diffraction peaks at 25.81
°, 47.56 ° and 53.54 ° corresponds to the carbon of the
MWCNTs and reveals the crystallinity of the MWCNTSs
(JCPDS Card No.00-026-1076). The XRD pattern of Au/
ZnO/MWCNTs nanocomposite also presents diffraction
peaks related to ZnO and MWCNTs crystalline structure.
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Fig.1 XRD patterns of ZnO/MWCNTs and Au/ZnO/MWCNTs
nanocomposites
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Table 1 The XRD data for

Nanocomposite Peak position (20) Material hkl Rel. Int (%) Crystallite
ZnO/MWCNTs and Au{ZnO/ (Degree) size(nm)
MWCNTs nanocomposites

ZnO/MWCNTs 25.81 C 006 44.36 27.2

47.56 C 103 39.66 23.3
53.54 C 107 29.78 31.7
31.75 ZnO 100 59.66 13.1
34.40 Zn0O 002 47.32 13.2
36.19 ZnO 101 100.00 133
56.53 ZnO 110 16.80 14.3
62.81 Zn0O 103 29.82 14.8
67.89 Zn0O 112 21.80 15.2
Au/ZnO/MWCNTs 25.62 C 006 31.6 30.61
47.56 C 103 39.66 23.3
53.54 C 107 29.78 31.7
31.83 ZnO 100 51.64 26.2
34.51 Zn0O 002 74.4 17.6
36.23 ZnO 101 100 354
56.57 Zn0O 110 42.84 19.1
62.82 Zn0O 103 28.99 16.2
67.88 Zn0O 112 33.57 47.88
41.38 Zn0, 210 31.01 18.0
38.00 Au 111 75.14 30.5
44.60 Au 200 31.16 26.7

In addition, two peaks at 38 ° and 44.6 ° is observed, which
can be ascribed to the (111) and (200) planes of face-
centered cubic Au (JCPDS Card No.00-001-1172). In this
spectrum, there is another peak at 41.3 ° corresponds to
ZnOycrystalline structure (JCPDS Card No.01-080-0074).
The grain size of crystallites, listed in Table 1, is estimated
using well-known Scherer formula [23].
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SEM HV: 15.0 kV WD: 8.91 mm
SEM MAG: 150 kx Det: SE 200 nm
View field: 1.38 ym |Date(m/dly): 01/05/20
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The morphology of functionalized MWCNTs (-MWC-
NTs), ZnO/MWCNTs and Au/ZnO/MWCNTs nanocom-
posites which was observed by FESEM is presented in
Fig. 2a—c. Figure 2a shows a well-dispersed carbon nano-
tubes network, although functionalized MWCNTs are and
twisted together. The FESEM image shown in Fig. 2b
confirms the formation of ZnO nanoparticles on car-
bon nanotubes with a symmetric distribution of spherical
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Fig.2 FESEM images of a f-MWCNTs, b ZnO/MWCNTSs nanocomposite and ¢ Au/ZnO/MWCNTSs nanocomposite
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nanoparticles. It seems ZnO nanoparticles are well-placed
on the MWCNTs wall which is important for tight bonding
of the nanocomposite to the electrode surface, cholesterol
oxidase enzyme immobilization and increase in charge trans-
fer rate. These observations are also well-visible for the Au/
ZnO/MWCNTs nanocomposite in Fig. 2c. It is also seen
that Au particles which have almost spherical shapes are
randomly distributed on the surface of the nanotubes.

The FTIR spectra of f~fMWCNTs, ZnO/MWCNTs and
Au/ZnO/MWCNTs nanocomposites are shown in Fig. 3.
The characteristic peak around3470 cm™' corresponds to
the stretching vibration of OH bond, related to the water
molecule bound on the surface of the nanotubes. The band
around 1430 cm™! is associated with the vibration of the
carbon skeleton of the carbon nanotubes [24]. The band at
1021 cm~! indicates the existence of a strong C—O stretch-
ing mode. The FTIR spectrum of the ZnO/MWCNTs and
Au/ZnO/MWCNTs nanocomposites reveals some dif-
ferences. The band around 3470 cm™! is missed in ZnO/
MWCNTs and Au/ZnO/MWCNTs nanocomposites spectra,
due to the temperature dependent behavior of OH stretching
modes [25] and the effect of annealing during nanopowder
synthesis. It can be observed that band around 1021 cm™! is
much lower in the nanocomposites than that of functional-
ized MWCNTs, suggesting that the surface of MWCNTs has
been covered by nanoparticles. The FTIR spectrum of the
two nanocomposites also exhibits a band at 440 cm™! arising
due to Zn—O vibration [26].

Two electrodes were prepared using the synthesized Au/
ZnO/MWCNTs nanocomposite as described in Sect. 2.3,
which one of them modified by ChOx enzyme. Two elec-
trodes were also prepared based on ZnO/MWCNTs nano-
composite with the same protocol for comparison purposes.
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Fig.3 FTIR spectra of fMWCNTs, ZnO/MWCNTs and Au/ZnO/
MWCNTs nanocomposites

Electrodes were electrochemically characterized in 0.1 M
PBS (pH 7) by CV, DPV and EIS techniques.

Figure 4 shows cyclic voltammograms of (a) ZnO/MWC-
NTs, (b) Au/ZnO/MWCNTs, (¢c) ChOx/ZnO/MWCNTs and
(d) ChOx/Au/ZnO/MWCNTs electrodes at various concen-
trations of cholesterol in supporting electrolyte (0.1, 0.3,
0.5,1, 2, 3, 4, 5and 6 mM)at a scan rate of 100 mV/s. The
cyclic voltammograms for all electrodes are reversible and
show redox peaks. This means oxidation and reduction
reactions are well-done. It is clearly seen that the rate of
oxidation and reduction increases by increase in cholesterol
concentration in the electrolyte for all electrodes. Compar-
ing the voltammograms of ZnO/MWCNTs and Au/ZnO/
MWCNTs electrodes at a constant cholesterol concentration
shows an obvious increase in the anodic peak current and
oxidation-reduction rate for Au/ZnO/MWCNTs electrode.
This is due to the increase in the number of free electrons
and enhanced charge transfer rate between electrolyte and
electrode. The ChOx enzyme-based electrodes exhibit a
higher current response to cholesterol, compared with non-
enzymatic electrodes. This is due to the well-known reaction
mechanism of cholesterol oxidation and the determination
of H,0, as described in Eq. (1) [11]. Since the H,0, is the
byproduct of cholesterol oxidation, the electroreduction cur-
rent of H,0, can be further detected by the ChOx enzyme-
based electrodes.

The calibration graphs for all electrodes are shown in
Fig. 5. It can be seen that the reduction current (I) varies
linearly according to cholesterol concentration (C) in the
entire concentration range for all electrodes. Typically, the
linear equation for the calibration curve of Au/ZnO/MWC-
NTs electrode was found to be y=1.6539x+ 11.062 with
correlation coefficient of R>=0.9933.

Figure 6 displays Nyquist plots for all electrodes in the
frequency range from 10° to 10~! Hz in the presence of
4 mM [Fe (CN) ¢]*~*~ mixture. As can be seen, all elec-
trodes exhibit both a semicircle and a straight line. The
diameter of the semicircle in a Nyquist plot represents the
charge transfer resistance (R,), and the straight line shows
the diffusion-related process. The smallest semicircle diam-
eter is obtained for Au/ZnO/MWCNTs electrode, indicating
improved conductivity and low R . Obviously; it is due to
the enhanced charge transfer at the surface of Au modified
electrodes. However, an increase in the R, values is observed
after ChOx immobilization onto the surface of ZnO/MWC-
NTs and Au/ZnO/MWCNTs electrodes. These changes are
strong proof that ChOx could have been immobilized onto
the surface of electrodes. Generally, the EIS results are in
good agreement with those of cyclic voltammetry.

All electrodes were also studied by differential pulse
voltammetry (DPV) to achieve more accurate and sensitive
voltammetric responses. Differential pulse voltammograms
are demonstrated in Fig. 7 over the cholesterol concentration
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20 < Fig.4 Cyclic voltammograms of a ZnO/MWCNTs, b Au/ZnO/
(a) ZnO/MWCNTSs electrode MWCNTs, ¢ ChOx/ZnO/MWCNTs and d ChOx/Au/ZnO/MWCNTs
electrodes, examined in 0.1 M PBS (pH 7.0) containing various con-
centrations of cholesterol (0.1, 0.3, 0.5, 1, 2, 3,4, 5 and 6 mM) at a
scan rate of 100 mVs~!
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Fig.7 Differential pulse voltammograms of a ZnO/MWCNTs, b »
Au/ZnO/MWCNTs, ¢ ChOx/ZnO/MWCNTs and d ChOx/Au/ZnO/
MWCNTSs electrodes, examined at different cholesterol concentration
ranging from 0.1 pM to 6 mM

Corresponding linear calibration curves (current versus
cholesterol concentration) for all electrodes are depicted
in Fig. 8. All electrodes show two linear ranges, less than
100 pM and from 100 pM to 6 mM of cholesterol concen-
tration, respectively. Usually, the oxidation mechanism is
adsorption for low concentration of cholesterol. But in high
concentration of cholesterol the surface of electrode is occu-
pied by cholesterol and there are insufficient available active
sites for adsorption. So, two linear ranges can be detected
in calibration curves. Limit of detection and sensitivity,
extracted from DPV data based on first linear range of cho-
lesterol concentration, is presented in Table 2. Comparing
the results, the ChOx/Au/ZnO/MWCNTs electrode shows
considerable low detection limit and high sensitivity.

To investigate the repeatability of ChOx/Au/ZnO/MWC-
NTs electrode, the experiment was repeated 10 times by one
electrode in 10 pM cholesterol in PBS (pH 7.0) solution.
The DPV results showed the relative standard deviation
(RSD) value equal to 4.17%. The stability of ChOx/Au/ZnO/
MWCNTs electrode was also studied by performing DPV
in 10 pM cholesterol in PBS (pH 7.0) solution over 30 days.
The DPV results demonstrated that the ChOx/Au/ZnO/
MWCNTs electrode retains 96% of initial current response
after 30 days, signifying that the electrode provides excellent
stability on repeated detection of cholesterol.

Usually, the species like glucose, uric acid and many oth-
ers are existed in biological liquid along with cholesterol.
Therefore, it is highly likely these compounds interfere in
the detection of cholesterol and it is crucial to study the anti-
interference properties. The selectivity of ChOx/Au/ZnO/
MWCNTs electrode toward cholesterol sensing was investi-
gated in the presence of glucose and uric acid as interfering
substances in the determination of 10 pM cholesterol in PBS
(pH 7.0). The oxidation peak of cholesterol was observed
around potential of —0.32 V, while that of uric acid and
glucose was detected around +0.38 V and +0.3 V, respec-
tively. Table 3 displays interferences in successive addition
of glucose and uric acid in the same cholesterol concentra-
tion. Results showed glucose and uric acid did not interfere
in the determination of cholesterol up to 450-fold and 300-
fold concentrations, respectively. Influence of glucose and
uric acid as interfering substances in current density during
cholesterol sensing is shown in Fig. 9. The amount of toler-
ance limit changes the current density for +5.0%.
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18 Table2 Limit of detection and sensitivity of four fabricated elec-
16 (a) trodes, extracted from DPV data
14 Sensing electrode LOD (pM) Sensitivity ~ Detection
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=10 Au/ZnO/MWCNs 0.6 15.52 0.6-100
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Uric Acid/Cholesterol Concentration ratio

Fig. 9 Influence of a glucose and b uric acid as interfering substances
on the DPV peak height of cholesterol (10 pM) in PBS (pH 7.0)
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Table 4 Analysis of cholesterol content in human blood serum sam-
ples

Serum  Labeled concen- Labeled Determined choles-

sample tration (mg/dL) concentration  terol concentration
(mM) (mM)

A 133 3.43 3.40

B 140 3.61 3.63

C 157 4.05 4.04

D 167 431 4.35

The reliability of the ChOx/Au/ZnO/MWCNTs electrode
was also evaluated by the determination of cholesterol in
human blood serum samples. The samples were obtained
from healthy volunteers and the adequate amounts of serum
samples were diluted with 30 mL PBS (pH 7.0). An oxida-
tion peak of cholesterol was observed around the potential
of —0.32 V on the differential pulse voltammograms for all
the real samples. DPV results and calibration curve were
employed in the quantification of cholesterol content in these
samples (Table 4). Equivalent value of what is expected and
what mean value of five experiments shows, highlights the
efficiency of ChOx/Au/ZnO/MWCNTs electrode in the
quantitative determination of cholesterol in human blood
serum. The recovery percentage was found to be >99% with
a minimum value of RSD.

In evaluation, the performance of the fabricated biosen-
sor is compared with some of the previously reported cho-
lesterol biosensors based on MWCNTs (Table 5). Consid-
ering the advantages, like good electrochemical behavior,
high sensitivity, low detection limit, and easy fabrication,
concluded that the presented electrode could be used as a
good candidate for the detection of cholesterol, although fur-
ther investigation can be done to optimize its performance.

Furthermore, it has the potential for photoelectrochemical
biosensing due to the unique and superior optical properties
of ZnO and Au nanoparticles that could be investigated.

Conclusion

In this study, an enzymatic cholesterol biosensor was fab-
ricated based on Au/ZnO/MWCNTs nanocomposite. Au/
ZnO/MWCNTs nanocomposite was prepared by sol-gel
method and deposited on FTO substrate by dip coating fol-
lowed by ChOx stabilization. XRD results confirmed the
formation of Au/ZnO/MWCNTSs nanocomposites. FESEM
images revealed that ZnO and Au nanoparticles decorated
carbon nanotubes. FTIR results showed the functionalization
of the nanotubes, as well as finger print peaks related to zinc
oxide. The performances of the ChOx/Au/ZnO/MWCNTs
electrode were characterized with CV, Nyquist plot (EIS)
and DPV. The well-defined redox peaks indicated that the
oxidation—reduction rate increased with increase in choles-
terol concentration in a wide linear range. Also, conductivity
and electron transfer rate on modified electrode increased
due to high enzyme immobilization and direct electron
transfer between the active sites of immobilized ChOx and
FTO substrate by decoration of ZnO and Au nanoparticles
on MWCNTs. A limit of detection of 0.1 uM and sensitiv-
ity of 25.89 pA/pM were obtained based on the first linear
ranges of DPV calibration curve. The modified electrode
also displayed good stability, repeatability and high selec-
tivity toward cholesterol sensing in the presence of other
interfering substances such as glucose and uric acid and was
effectively applied to determine cholesterol in human blood
serum samples.

Table 5 Performance comparison of the proposed cholesterol biosensor with the some previously reported ones

Sensing electrode LOD (M) Linearity Range (M) Type of detection References
MWCNT/ZnO 0.05%x10-9 0.2x10-9-60.0x 10-9 Cyclic voltammetry [15]
ChOx/Au/MWCNT 0.02x10-3 0.18%x10-3-11x10-3 Cyclic voltammetry [8]
ChOx/MWCNTs 0.13%x10-6 0.16x10-3-9.69 x 10-3 Amperometry [7]
ChOx/Au/MWCNT 0.1 x 10—-4 - Amperometry [27]
printed carbon electrode, MWC-  0.5x10-9 1x10-9-3x10-9 Differential Pulse Voltammetry [28]
NTs, p-cyclodextrin

ChOx/ZnO/MWCNTs 1x10-6 1x10-6-100% 10—-6 Differential pulse voltammetry This work
ChOx/Au/ZnO/MWCNs 0.1x10-6 0.1x10-6-100%x 10—6 Differential pulse voltammetry This work
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