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Abstract

Polyaniline-gold (PAni-Au) nanocomposite is chemically synthesized and impregnated in chitosan matrix for immobilization of
cholesterol oxidase on an indium tin oxide-coated glass plate for development of cholesterol biosensor. PAni-Au nanocomposite is
characterized for structural and thermal properties. Further PAni-Au nanocomposite is used for cholesterol oxidase immobilization
and linkage is examined by FTIR. The nanocomposite is used to form a modified bioelectrode by immobilizing cholesterol oxidase in
chitosan matrix and examined under optical microscope for uniformity and morphological studies. Modified bioelectrode
(ChOx/PAni-Au-CH/ITO) is used to detect cholesterol by using voltammetric technique with redox mediator. The sensor exhibits

linearity in a wide range of 50-500 mg/dL with detection limit as 37.89 mg/dL, sensitivity as 0.86 A rng/dL'1 and a shelf life of more



Analytical Methods

than 3 weeks when stored at 4 °C. Voltametric studies have also been carried out with common possible interferents. Responses are
recorded to get enzyme—substrate kinetics for the biosensor and found as Ky, = 10.84 mg/dL. The low value of K, indicates that the
prepared nanocomposite is facilitating the enzymatic reaction and enzymatic activity. Excellent immobilization and enzyme—substrate
reactions show distinct advantage of this matrix over other matrixes used for cholesterol biosensors. The novelty of the prepared

electrode lies in its reusability, higher sensitivity, better shelf life, and accuracy.
Keywords: Cholesterol sensor, Polyaniline, Polyaniline-Au nanocomposite, Chitosan
“Author for Correspondence E-mail: rprakash.mst@iitbhu.ac.in, Tel: + 91-542-2307047, + 91-9935033011, Fax: + 91-542-2368707

1 Introduction

Biosensors have attracted great interest because of their potential applications in clinical diagnostics, environmental, and bioprocess
monitoring, etc. [1-5]. The operation of a biosensor involves various factors like electrode material and morphology, compatibility
with biosensing molecules, immobilization method, biomolecule—analyte interaction after immobilization, etc. However, effective
immobilization and electrical contact of redox biomolecules/enzymes with the surface of the electrode is still a challenge. Conducting
polymers have been observed as suitable matrixes for immobilization of various chemicals and biomolecules [1, 3, 6, 7]. Among
various conducting polymers, polyaniline [1] has attracted much attention in scientific community because of its excellent properties

and stability [8, 9]. However, instead of polymer alone, the polymer—metal nanocomposites have been found as a promising area due
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to synergic effect of the two components — one large surface area due to small-sized particles and other the flexible polymer matrix for
stable immobilization [10—12]. In literature, several papers have been reported about application of nanocomposites in biosensors [13—
16]. Different types of biomolecules like enzymes, protein, and DNA have been immobilized on the polyaniline-modified electrode
and their performances for various analytes have been reported [17-20]. PAni-metal nanoparticle composites show enhanced sensing
and catalytic capabilities as compared to pure PAni [21-24].

Among various biomolecule estimations, cholesterol estimation has got much more attention [25-34] because of the possibility of
coronary heart diseases like hypertension, atherosclerosis, and myocardial infarction due to increased level of blood cholesterol. Very
recently, Saini et al. [28] have reported a novel nanocomposite coupled with cholesterol oxidase (ChOx) and horseradish peroxidase
(HRP) and have explored this bienzymatic nanocomposite for amperometric cholesterol biosensor. Pesqueira et al. have recently
presented a novel biosensing platform for cholesterol using cholesterol oxidase and polyaniline [29]. Malhotra et al. have also
reported the covalently immobilized cholesterol oxidase onto electrophoretically deposited conducting polymer film from nano-
structured polyaniline colloidal suspension and in another paper, nanocomposite films of PAni and multiwalled carbon nanotubes
(MWCNTs) are used for covalent immobilization of ChOx for cholesterol sensing [30, 31]. Khan et al. immobilized ChOx on PAni
with Triton X-100 and Wang et al. also immobilized ChOx on PAni and used the prepared electrodes for determining cholesterol [33].

Abdelwahab er al. have achieved direct electrochemistry of ChOx and have further used it for a cholesterol biosensor [34]. However,
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in all these cases researchers always felt the importance of immobilization of biomolecules/enzymes and compatibility of electrode

materials with biomolecules.

In literature, it is seen that among different biopolymers, chitosan (CH) along with nanoparticles has been found to be a stabilizing
agent for enzyme immobilization because of its excellent film-forming ability, mechanical strength, biocompatibility, cost
effectiveness, etc. Moreover, amino groups of CH provide a hydrophilic side which is compatible with the biomolecules [35-37]. In
view of sensors developed earlier and recent developments in this area, we have used chitosan with PAni-Au nanocomposite as the

immobilization matrix for cholesterol oxidase (ChOx) in order to develop a sensitive and stable cholesterol biosensor.

2 Materials and Methods

2.1 Chemical Reagents

Cholesterol oxidase (ChOx; EC 1.1.36, from Pseudomonas fluorescens) with specific activity of 24 U/mg, triton X-100, chitosan,
potassium ferricyanide, potassium ferrocyanide, and cholesterol were obtained from Sigma Aldrich (USA). Gold chloride was

obtained from SRL (Sisco), India. All other chemicals used were of analytical grade.

2.2 Instrumental Details

Fourier transform infrared spectroscopy (FTIR) was performed on Thermoscientific FTIR (Thermo Nicolet 6700, Germany).

X-ray diffraction (XRD) was performed on 18 kW rotating anode (Cuy,) Rigaku X-ray diffractometer (wavelength 0.154 nm, Japan).
4
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Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX) were carried out using Zeiss (AG-Supra 40,
Germany) at operating voltage of 5.0 kV. Thermal analysis was carried out using a thermal gravimetric analyzer (TGA) (Mettler-
Toledo, Switzerland) at a heating rate of 20 °C/min under nitrogen atmosphere. Transmission electron microscopy (TEM) was
performed on Tecnai 20 G? operated at 200 kV for structural analysis. Cyclic voltammetry (CV) was performed using a conventional
three-electrode cell set up with a platinum foil as counter electrode, AgIAgCl (saturated KCl) as reference electrode and Indium tin
oxide (ITO), modified with composite as working electrode (geometrical area 1 sz) with Autolab (PGSTATI101, Metrohm, The
Netherlands). The electrolyte used was phosphate buffer solution of 0.05M and 7.4 pH value. Electrochemical impedance

spectroscopy (EIS) measurements were conducted on electrochemical workstation (CHI-7041C, USA).
2.3 Experimental Details
2.3.1 Synthesis of PAni-Au Nanocomposites

In the synthesis scheme of PAni-Au nanocomposite, two solutions (A and B) were prepared as discussed below.

Solution A was prepared by dissolving 200 uLL of aniline monomer in 10 mL of 0.5 M HCI while solution B was prepared by
dissolving 135 mg of HAuCl, in 10 mL of 0.5 M HCI. This concentration was calculated to keep the aniline monomer to HAuCly
molar ratio of 5:1. Solution B was added dropwise to solution A, under stirring condition at temperature below 10 °C. Dark green

precipitates appeared after sometime. After complete polymerization (24 h), precipitates were collected by centrifugation and then
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washed several times with distilled water to remove monomer and oxidant. The dried sample was used for characterization and sensor
application. It was also found that the prepared composite had retained its property even after a year.

2.3.2 Preparation of a PAni-Au-CH/ITO Electrode

The PAni-Au nanocomposite already prepared was used with chitosan as a matrix for the preparation of PAni-Au-CH/ITO electrode.
A chitosan solution was prepared by dissolving CH (50 mg) in 10 mL of distilled water and 2 mL of acetic acid solution. The
measured amount of PAni-Au nanocomposite was dispersed in the CH solution. Then, on the already hydrolyzed Indium tin oxide
(ITO)-coated glass plate of 1 x 2 cm? area, 10 pL of the aforesaid solution was spin coated to get coating over an area of 1x1 cm” only
(rest of the area was masked to get electrical contact). The coated ITO was kept for drying in an oven before making electrical

contacts using silver paint (room dry paint).
2.3.3 Preparation of a ChOx/PAni-Au-CH/ITO Electrode

In the next step, bioelectrode for sensing cholesterol with enzyme cholesterol oxidase was prepared. A 10 uL of freshly prepared
solution of cholesterol oxidase (1 mg mL™") in phosphate buffer (0.2 M, pH 7.0) was mechanically spread over the PAni-Au-CH/ITO
electrode to get immobilization in CH matrix. Cartoon representation of this electrode is shown in Figure 1, where green-color

structure represents PAni, red spot indicates Au nanoparticle, and blue curve line shows chitosan. The ChOx/PAni-Au-CH/ITO
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bioelectrode was kept undisturbed at room temperature for about 12 h in a humid chamber. Finally, the bioelectrode was washed with

phosphate buffer (0.2 M, pH 7.0) to remove any unbound enzyme from the electrode surface.

Figure 1

2.4 Electrochemical Measurement

Electrolytic solution for electrochemical measurement was freshly prepared by dissolving potassium ferricyanide K;[Fe(CN)¢] (5 mM)
and potassium ferrocyanide K4[Fe(CN)s] (5 mM) in 100 mL of phosphate buffer saline (PBS) (0.2 M, pH 7.0). Then, prepared

electrodes were characterized by CV and finally used for, sensing of different concentrations of cholesterol.

2.5 Preparation of Cholesterol Solution

Measured quantity of cholesterol was taken in 1 mL triton and mild heating was done for dissolving cholesterol. After complete

dissolution of cholesterol, 9 mL of distilled water was added to get a transparent solution.

3 Results and discussion
3.1 Characterization of PAni-Au Nanocomposite

XRD of PAni and PAni-Au nanocomposite is shown in Figure 2. PAni (curve a) exhibited broad peaks at 20 = 25°, indicating its

amorphous nature. Polyaniline-Au nanocomposite (curve b) shows the background of pure polymer in addition with a few small peaks



Analytical Methods Page 8 of 37

indicating the presence of Au nanoparticles. It exhibited four peaks at 20 = 38.7, 45.0, 65.3 and 78.2 corresponding to the (111), (200),
(220), and (310) Bragg reflections of reduced Au crystallites respectively [38, 39]. This result was also concurrent with JCPDS (card
n0.040784).The remaining peaks are not visible due to low intensity factor with respect to (111)plane which is suppressed in the
polymer background. In addition to these peaks, two small sharp peaks also appeared below 30° probably due to alignment of

polyaniline chains in the vicinity of Au nanoparticles as also reported earlier [40].

Figure 2

Further morphology and elemental analysis of the nanocomposite was carried out under SEM equipped with energy dispersive X-ray
spectroscopy (EDS). Globular morphology of PAni was observed in the PAni-Au nanocomposite as shown in Figure 3. However, gold

nanoparticles could not be visualized but were confirmed in the elemental analysis (inset: Figure 3).

Figure 3

Thermal gravimetric analysis (TGA) of pure PAni and PAni-Au nanocomposite is illustrated in Figure 4. Curve a represents pure
PAni and curve b represents PAni-Au nanocomposite. From the figure, it is evident that thermal stability of prepared nanocomposite is

better as compared to pure PAni. From the thermogram, approximate gold content was calculated and found as 7-8%.

Figure 4
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Further, in order to study the presence of Au nanoparticles, TEM characterization was carried out by taking the samples on Au grid.
TEM micrograph (Figure 5) clearly demonstrates the nanoparticles in the polymer matrixes. The nanoparticles show the size

distribution in the range of 40—60 nm in diameter [24].
Figure 5

3.2 Characterization of Electrode and Bioelectrode

Structural and morphological characterizations were done for the prepared electrode and bioelectrode.

3.2.1 Structural Characterization

Figure 6 shows FTIR spectra of PAni-Au-CH (curve a), ChOx/PAni-Au-CH (curve b), and pure chitosan (curve c). In curve a, the
presence of peaks at 1062 and 3412 cm™ are attributed to B-N*"=Q stretching and —-N-H stretching vibrations of PAni in the
nanocomposite. In curve b, peak at 1408 cm™ is due to C-N axial deformation (amine group band) and at 1644 cm™ it is due to
COO- group in carboxylic acid. Also, a broad band at 3433 cm™' is because of amide bond present in ChOx. Pure chitosan (curve c)
exhibited its characteristic absorption band at 1568 cm™' because of stretching vibration of the amino group. Another band at
3446 cm™ is due to N-H symmetric vibration. The peaks at 2857 and 2927 cm™" are due to C—H vibrations [31, 41]. On comparison of
a, b, and c, it is confirmed that the nanocomposite is having ChOx, immobilized in PAni-Au-CH matrix.

Figure 6
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3.2.2 Morphological Characterization

The surface morphology of deposited thin film of both PAni-Au-CH/ITO electrode and ChOx/PAni-Au-CH/ITO bioelectrode was
investigated under optical microscope (Figure 7). The two images clearly showed the difference between before and after
immobilization of enzyme over the surface of nanocomposite electrodes. The bioelectrode (ChOx/PAni-Au-CH/ITO) morphology

supported the uniform distribution of ChOx over the surface of PAni-Au-CH.

Figure 7

3.3 Electrochemical Characterization of Electrode and Bioelectrode

PAni-Au-CH/ITO electrode and ChOx/PAni-Au-CH/ITO bioelectrode have been characterized using CV technique using three-
electrode system in a phosphate buffer (PBS) containing a mixture of 5 mM potassium ferricynide and potassium ferrocynide. CV
responses were obtained for bare ITO, pure PAni, PAni-Au-CH/ITO, and ChOx/PAni-Au-CH/ITO electrodes in the potential range
from —1 to + 1 V at a scan rate of 100 mV/s as shown in Figure 8. The increase in the cathodic current obtained for pure PAni (0.95
mA, curve b) and PAni-Au-CH/ITO (0.99 mA, curve ¢) compared to bare ITO electrode (0.63 mA, curve a) indicates that the larger
effective area of PAni-Au nanocomposite helps in large-scale redox conversion, resulting increase in redox current which also reflects
its enhanced electron transfer property. The decrease in the anodic current obtained for ChOx/PAni-Au-CH/ITO bioelectrode

(0.66 mA, curve d) is attributed to the hindrance caused by macromolecular structure of enzymes and their successful immobilization.

10
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Figure 8

3.3.1 Electrochemical Impedance Studies

Electrochemical impedance studies (EIS) were conducted to confirm the immobilization of enzyme over the surface of PAni-Au. The
results of EIS measurements in Nyquist plot indicated the hindrance provided by the electrode material to the transfer of charge from
solution to electrode. Thus, change in the charge-transfer-resistance (Rct) value can be correlated to the modification of surface [42].
Figure 9 shows the observed charge-transfer-resistance of bare ITO (curve a), PAni-Au-CH/ITO electrode (curve b) and ChOx/PAni-
Au-CH/ITO (curve c). These three curves show clearly that accumulation of charge at the surface of electrode or its charge-transfer
property is maximum in bare ITO and it decreases in PAni-Au-CH/ITO electrode and further in ChOx/PAni-Au-CH/ITO bioelectrode
as is evident from the inclination of curves towards “Z.” Curve b shows surface electron property near the origin point and at low
frequency but with time it shows the diffusion control process as evident by its straight-line part. The observed increase in the value of
Rcr is attributed to the hindrance caused by the macromolecular structure of ChOx. The increase in the value of Rcr (curve c¢) on
immobilization of enzyme (ChOx) further confirms the successful uniform immobilization of enzyme on the matrix.

Figure 9

11
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3.3.2 Study of Electrochemical Response of ChOx/PAni-Au-CH/ITO Bioelectrode

The response of ChOx/PAni-Au-CH/ITO bioelectrode has been studied by CV method as a function of cholesterol concentration.

During the biochemical reaction, cholesterol oxidase catalyzes decomposition of cholesterol into Choles-4-en-3-one and H,0,.

Cholesterol + O, » Choles-4-en-3-one + H,O,

ChOx
H202 > 02 +2H + 2¢”

The response increase in current at positive potential comes from the oxidation of produced H,O, and the decrease at negative
potential originates from the consumption of O,. Although the reduction of produced H,O, will result in the increase of current at

negatively applied potentials, it would be entirely counteracted due to the consumption of Os.

Figure 10

The electrons generated during the biochemical reactions are transferred to the electrode via Fe (IlII)/Fe (II) redox probe ensuing in
signal in the form of current. Figure 10 shows the schematic mechanism of electrochemical sensing of cholesterol on bioelectrode
ChOx/PAni-Au-CH/ITO. Cyclic voltammogram response of a ChOx/PAni-Au-CH/ITO bioelectrode with different concentrations of
cholesterol (say a—i) is shown in Figure 11. The calibration curve has been fitted between the cholesterol concentration and current
value of redox peaks (Figure 12). It is found that magnitude of the current increases linearly as cholesterol concentration increases

(sensing range as 25-500 mg/dL) and obeys Eq. (1) below, where I, denotes anodic current, A denotes intercept and B denotes slope.

12
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ChOx/PAni-Au-CH/ITO bioelectrode exhibits linearity as 50-500 mg/dL. and detection limit as 37.89 mg/dL. while sensitivity of
ChOx/PAni-Au-CH/ITO bioelectrode has been estimated as 0.86 pA mgdL'1 with the regression coefficient of 0.997 and standard

deviation as 1.07867 x 107°.
I, = 6.07549E'4(A) +8.55183E’A mgdL'l(B) x%holesterol concentration (mgdL’l) } Eq.(1)

The apparent Michaelis—Menten constant (K,) gives an indication of enzyme—substrate kinetics for the biosensor, which is calculated
by Lineweaver—Burk plot, i.e., the graph between inverse of maximum current and inverse of cholesterol concentration and has been
found to be 10.84 mg/dL. Lower value of K, describes the higher affinity of enzyme with substrate, indicating its biocompatibility and
facilitation of the enzymatic reaction.

The results obtained in the present study, along with the results reported in the literature, are summarized in Table 1. The advantage of
PAni-Au nanocomposite film over the other matrixes is shown clearly in Table 1, which reveals that the bioelectrode developed in this
study can detect cholesterol over a broad range with high sensitivity. It also indicates the enhancement of the bio-electrocatalytic
oxidation of cholesterol with lower K, value

Figure 11
Figure 12

Table 1

13
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3.4 Amperometric Response Studies for Interference, Reproducibility, Reusability, and Shelf Life

Amperometric response studies have been carried out for ChOx/PAni-Au-CH/ITO bioelectrode as a function of interferents,
reproducibility, reusability, and storage stability.

3.4.1 Interference Studies

Different possible interferents that are mostly present in blood such as ascorbic acid (0.05 mM), glucose (5 mM), and urea (1 mM)
were checked through CV measurements for the prepared electrode (ChOx/PAni-Au-CH/ITO) using cholesterol solution (100 mg/dL)
in a 1:1 ratio. Figure 13 shows the effect of interferents on the observed response of the bioelectrode. From Figure 13, the percentage

interference (% interference) was calculated and was found a maximum of 21% for ascorbic acid, 15% for glucose, and 17% for urea.

Figure 13

3.4.2 Reproducibility and Reusability Studies

The unique feature of the prepared bioelectrode is shown by its consistent results in cyclic voltammogram. ChOx/PAni-Au-CH/ITO
were prepared in triplicate sets with each and every parameter being the same, and then the CV was recorded for 400 g/dL
concentration of cholesterol in the same condition as described earlier. Figure 14 shows that the results are reproducible. For

14
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reusability experiments are also done with only one electrode and found that it can be used for more than 20 times with nearly 100%
efficiency (data not shown) or negligible variation. The reusability of the bioelectrode can be attributed to its robust properties of the
transducer matrix. The reusability studies also indicate the advantage of prepared matrix, which offers a favorable microenvironment
for enzymes and does not cause denaturing of enzymes.

Figure 14

3.4.3 Shelf Life Studies

The shelf life of ChOx/PAni-Au-CH/ITO bioelectrode has been determined by measuring the response current at 0 and 1 day, then at
regular intervals of one week for about a month, if stored at 4 °C when not in use. Figure 15 demonstrates the shelf life of a
ChOx/PAni-Au-CH/ITO bioelectrode. The bioelectrode has been found to be stable up to 2 weeks with a variation of 2-3% variation.
After 3 weeks, the electrode retains about 90% of cholesterol oxidase activity.

Figure 15

4 Conclusions

A novel approach for electrochemical sensing of cholesterol through a ChOx/PAni-Au-CH/ITO bioelectrode is reported and stable
sensor is demonstrated and compared with earlier reported sensors. PAni-Au nanocomposite is synthesized and characterized using
various tools, viz., XRD, SEM, EDX, TEM, and TGA. This bioelectrode has been successfully utilized for sensing application as

cholesterol biosensor. It offers better performance in terms of detection limit, sensitivity, and response time and shows linearity as 50—
15
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500 mg/dL. with detection limit as 37.89 mg/dL and sensitivity as 0.86 A mgdL’l. The value of the apparent Michaelis—Menten
constant (Kp), which indicates enzyme—substrate interactions, is found to be 10.84 mg/dL. Low value of K, for ChOx/PAni-Au-
CH/ITO bioelectrode reveals increased enzyme (cholesterol oxidase) —substrate (cholesterol) interactions and indicates distinct
advantage of this prepared matrix over other matrixes used for cholesterol biosensor fabrication. The unique features of the
ChOx/PAni-Au-CH/ITO nanocomposite bioelectrode are its fabrication and stability, less interference, low K, value, fast response
time (20 s), excellent reusability, and its usefulness for serum samples. Work is in progress to utilize these electrodes for estimation of
cholesterol in serum samples and conduct similar experiments with other enzymes and in the development of other biosensors.
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Highlights
Polyaniline-gold nanocomposite impregnated in chitosan matrix and immobilized with cholesterol oxidase for redox mediator based

cholesterol sensor.
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Table 1: Sensing Characteristics of ChOx/PAni-Au-CH/ITO Bioelectrode along with those Reported in the Literature.

Immobilizatio | Sensin Method of Linearity | Transducer used Sensitivity Shelf K,, value Ref.
n matrix g immobilizatio life
elemen n
t
MWNT ChOx | Physical 0.5-6 mM or | Amperometric 0.559 uA cm~mM - - [43]
entrapment 9- !
108 mg.dL™
Gold electrode | ChOx | Physical 0-2.1 mM or | Amperometric 0.13 uA mM™' - 2.94 mM or | [44]
adsorption 37.8 mg.dL’1 52.92 {ngdL
PAni- ChOx | Covalent 1.3-12.9 mM | Amperometric 6800 nA mM ' 12 week - [31]
MWCNT or 23.22— | and S
2132.74 mgdL | spectrophotometr
ic
PAni ChOx | Electrochemic | 0.05-0.5 mM | Amperometric - 11 days 2.27—- [45]
al doping or 0.9— 3.26 mM or
9 mgdL™ 40.86—
58.68 {ngdL
PAni ChOx | Covalent 25— Spectrophotometr 7.76 x 107 11 week | 26.14 mgdL | [30]
400 mgdL™" | ic Abs. mg™'dL S “Lor
1.45 mM
NSPAni- ChOx | Electrochemic | 35— DPV 3.10uA mg 'dL | 8 weeks | 0.02 mM or | [28]
AuNP-GR al 400 mgdL™’ 0.36 mgdL™"
PAni-Au-CH | ChOx | Covalent 50- Amperometric 0.86 uA mg 'dL | 3 weeks 10.84 Presen
500 mgdL™" mgdL™" or | t work
0.602 mM
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Caption to Figure

Fig.1. Schematic diagram of (a) PAni-Au-CH/ITOelectrode  (b) ChOx / PAni-Au- CH / ITO
bioelectrode

Fig.2. XRD of (a) PAni and (b) PAni-Aunanocomposite
Fig.3. SEM of PAni-Au nanocomposite, Inset showing EDX of the selected area
Fig.4 . TGA cure for (a)pure PAni and (b)PAni-Au nanocomposite

Fig.5. TEM micrograph of the PAni-Au nanocomposite . Scale bar is 100 nm

Fig.6. FTIR of (a) PAni-Au-CH, (b) ChOx/PAni-Au-CH and (c) chitosan

Fig.7. Images of optical microscope of electrode surface (a) PAni-Au-CH/ITO and (b)
ChOx/PAni-Au-CH/ITO

Fig.8. Cyclic voltammetry of (a) bare ITO electrode (b) ITO modified with pure PAni (c)PAni-

Au-CH/ITO electrode and (d) ChOx/PAni- Au-CH/ ITO bioelectrode

Fig.9. Impedence spectra of (a) bare ITO ,(b)PAni-Au-CH/ITO and (c) ChOx/PAni-Au-CH/ITO

Fig.10. Schematic mechanism of electrochemical sensing of Cholesterol on ChOx /PAni-Au-CH
/ ITO bioelectrode

Figl1. Cyclic voltammogram response of ChOx /PAni-Au-CH/ITO bioelectrode with different
concentrations of cholesterol, say a-i (a to i represents 25,50,100,150,200,250,300,400,500
mg/dL respectively),Inset shows zoom part of the oxidation peak

Fig.12. Calibration curve for Cholesterol with 3% error bar

Fig. 13: Interferent Study of a ChOx/PAni-Au-CH/ITO Bioelectrode.

Fig. 14: Reproducibility Curve of ChOx/PAni-Au-CH/ITO Bioelectrode by Cyclic
Voltammogram Response Studies with 400 mg/dL. Concentrations of Cholesterol (Inset Shows
Zoom Part of the Oxidation Peaks to Depict the Clarity of Three Different Curves).

Fig. 15: Stability Curve of ChOx/PAni-Au-CH/ITO Bioelectrode by Cyclic Voltammogram
Response Studies with 400 mg/dL. Concentrations of Cholesterol at O (curve b), 1 (curve c), 7
(curve d), 14 (curve e), 21 (curve f) Day while Curve a Is w/o Cholesterol (Inset Shows Zoom
Part of the Oxidation Peaks to Depict the Clarity of Individual Curves).
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Table 1.Sensing characteristics of ChOx/PAni-Au-CH/ITO bioelectrode along with those
reported in the literature
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