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Abstract
In this study, we report a novel non-enzymatic cholesterol biosensor based on copper oxide nanoparticles (CuO), polyaniline 
nanofibers (PANI) and murexide (Mu) modified glassy carbon electrode. The modified electrode was used for the detec-
tion of cholesterol. Copper oxide nanoparticles were deposited on the glassy carbon electrode through electrodeposition 
and electrochemical oxidation followed by electrodeposition of PANI–Mu composite. The prepared GC/CuO(NPs)/PANI/
Mu sensor was characterized using electrochemical, optical and morphological methods such as cyclic voltammetry (CV), 
impedance spectroscopy (EIS), linear sweep voltammetry (LSV), UV–visible and scanning electron microscopy (SEM). 
The electrochemical response of the elaborated composite matrix for cholesterol detection was evaluated by employing the 
impedance spectroscopy method. The results were promising as we obtained good analytical performances for cholesterol 
quantification with high sensitivity of 5575 Ω/logM, a wide linear range from 0.5 to 50 mM and a low detection limit of 1 nM.

Keywords  Glassy carbon electrode · Polyaniline · Murexide · Cholesterol detection · Impedance spectroscopy, 
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Introduction

Cholesterol is an organic molecule; it belongs of the sterol 
family (Fig. 1) [1]. Cholesterol is one of the most constitu-
ents of mammalian cell membranes further cholesterol mol-
ecule is known as precursor of other biological materials 
[2]. Cholesterol is an important structural component of the 
plasma membrane, where it maintains a barrier between 
cells and the environment also it regulates the permeability 
and the fluidity. Cholesterol is the main substrates for the 
synthesis of steroid hormones, bile acids and vitamin D. 
An insufficient supply of cholesterol produces detrimental 
effects on cell function, tissue development and body physi-
ology. Nevertheless, a high level of cholesterol in blood can 
cause pathological consequences [3]. 

The detection of cholesterol has received a lot of interest 
because high cholesterol blood levels can increase risks of 
heart diseases like atherosclerosis, high blood pressure and 
myocardial infraction [4]. As a result, most food producers 

are obliged to decrease the cholesterol level in food in order 
to control cardio-diseases. Therefore, there is an increas-
ing demand for sensitive, selective, fast, inexpensive and 
robust methods for cholesterol determination in food [5]. 
The progress in non-enzymatic electrochemical detection 
of cholesterol was highly accelerated according to the inno-
vative and powerful new sensing material such as nano-
particles and conductive polymers [6–8]. Nanocomposites 
have attracted a lot of attention due to their unique physical 
properties and wide range of applications. Polymer nano-
composites have captivated scientists considering their novel 
properties gathered from the successful combination of the 
characteristics of many constituents into a single material 
[9]. Recently, conducting polymers get a lot a consideration 
especially polyaniline (PANI). PANI is characterized as air 
stable organic polymer, high electrical conductivity, good 
environmental, chemical, electrical stability and simple syn-
thesis [10, 11]. The utilization of nanoparticles like copper 
oxide (CuO), a versatile semiconductor material, has been 
attracting the attention due to the commercial demand for 
electronic devices. Copper oxide has recently been used in 
several research due to its fascinating properties and wide 
range of applications such as heterogeneous catalysts, gas 
sensors, superconductors, lithium ion electrode materials, 
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solar cells and sensors [12–14]. CuO nanostructures have 
been used as an active material for the elaboration of elec-
trochemical sensors for the reason that they have excellent 
catalytic and electrochemical properties, low temperature 
and inexpensive [15, 16]. The development of inorganic/
organic hybrid materials on nano-meter scale have received 
significant attention thanks to their unique properties [17, 
18]. Overall, the synthesis of hybrid nanocomposites based 
on polymer and inorganic materials forms a new composite 
material having synergetic or complementary behaviors of 
the polymer and the inorganic material [19, 20]. Murexide 
is the ammonium salt of purpuric acid, it has the appearance 
of a reddish purple powder and is used in analytical chem-
istry [21, 22]. Murexide contributed to the biocompatibility 
of the sensor, better dispersion and hydrophilic properties 
by introducing more hydroxyl groups. The hydroxyl groups 
compensated the positive charges on polymer chains and 
suppressed the deprotonation processes [23]. During this 
study, a modified electrode based on polyaniline nanostruc-
tures, CuO nanoparticles and murexide molecules was devel-
oped for the impedimetric detection of cholesterol.

Material and methods

Reagents

Copper sulfate pentahydrate CuSO4(5H2O), Potassium 
monohydrogen phosphate (K2HPO4) and Potassium dihy-
drogen phosphate (KH2PO4) were purchased from Fluka 
(French). KCl (potassium chloride) was purchased from 
PROLABO. Aniline was purchased from Sigma-Aldrich 
(Tunisia). Cholesterol was purchased from Alfa Aesar 
(Tunisia). Hydroquinone, sulfuric acid, triton-X-100 and 
murexide were purchased from Merck (Tunisia). Chemi-
cals were of analytical grade and were used without further 

purification. Aqueous solutions were prepared using dis-
tilled–deionised water using a water distillatory and water 
deionizer in a second time.

Apparatus

Electrochemical data were obtained in a standard three-elec-
trode cell using a potentiostat (DY200 POT Eco-chimie/Mal-
dova) and an Autolab PGSTAT 320 N potentiostat/galvanostat 
(Metrohm/Switzerland). An electrode made of glassy carbon 
with a 3 mm diameter was used as a working electrode. The 
counter electrode used was a platinum (Pt) wire. The reference 
electrode was an Ag/AgCl(KCl) electrode. For the PANI–Mu 
electrodeposition a saturated calomel electrode (S.C.E) was 
used. Permeability measurements are performed on a rotat-
ing working electrode. The UV–Visible measurements were 
carried out in a spectrophotometers models 6705 UV/Vis 
(JENWAY/UK). The morphological characterization of the 
modified electrodes was carried out by a scanning electron 
microscope JSM 5100 from JEOL/USA using carbon screen-
printed electrode. Cholesterol solutions were freshly prepared 
using deionized water and 10% triton-X-100. Cholesterol 
detection was done with impedimetric measurement in phos-
phate buffered solution, pH = 7.4.

Electrode modification

The first step, was the working electrode cleaning by polish-
ing using 0.3 μm alumina powders then sonicated and rinsed 
with deionized water. The second step was the electrochemical 
activation in NaOH 0.5 M at a scan rate of 50 mV.s−1 employ-
ing several cycles in the range of 0.6 to 1.2 V. Figure 1 shows 
the different steps adopted for the elaboration of the modified 
electrode. In brief, the cleaned and activated working electrode 
was dried before use. The Cu nanoparticles were electrodepos-
ited on the working electrode surface at a constant potential 
of −0.6 V. Following this step, in order to obtain copper oxide 
nanoparticles (CuxO) (Fig. 2A), cyclic voltammetery was 
performed in NaOH solution (0.1 M) at the applied potential 
range from −0.5 to 0.3 V with a scan rate of 50 mV.s−1 for 40 
cycles [24]. As given in Fig. 2A, we observe a decrease in the 
intensity of the peak which appears toward -0.15 V indicating 
the formation of CuO nanoparticles. An electrolyte containing 
H2SO4 and aniline was used for the electrodeposition of PANI 
nanofibers on the electrode [25]. PANI–Mu composite was 
prepared by chronoamperometry at U = 0.85 V versus SCE for 
1500 s in 1.00 M H2SO4 solution containing 0.025 M aniline 
and 0.00125 M murexide. As shown in Fig. 2B, during the first 
stage (from 0 to 500 s), the current density increases sharply 
then increased slowly from 500 to 1600 s.

Fig. 1   Cholesterol chemical structure
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Results and discussions

Electrode characterization

The characterization of bare and modified GC electrodes 
was investigated by cyclic voltammetry (CV), electro-
chemical impedance spectroscopy (EIS), linear sweep 
voltammetry (LSV) measurements and scanning electron 
microscopy (SEM). In order to characterize the forma-
tion of the composite layer on the GC electrode surface, 
CV were applied in the presence of hydroquinone 10−3 M 
in phosphate buffer solution (PBS) at pH = 7,4. Figure 3 
shows the cyclic voltammograms recorded for the modi-
fied and the bare electrodes. The electron transfer is more 
efficient at modified electrodes if compared with the bare 
GC electrode. An increase in anodic and cathodic current 
response is observed after electrode modification indicat-
ing that the modified electrode surface was electrochemi-
cally active. The anodic peaks for bare GC, GC/Cu(NPs), 
GC/CuO(NPs), GC/CuO(NPs)/PANI and GC/CuO (NPs)/

PANI/Mu electrodes, respectively, are 108, 130, 112, 120 
and 88µA. A decrease in the anodic current is observed 
after the addition of Mu. According to Fig. 3, a shift in 
the oxidation potential of hydroquinone is observed with 
an increase in the potential difference (ΔE) from 90 to 
400 mV after modification of the electrode surface. The 
impedance measurements were employed to investigate 
the modification effect of the electrodes surfaces. Fig-
ure 4A represents typical Nyquist plots for bare GC, GC/
Cu(NPs), GC/CuO(NPs), GC/CuO(NPs)/PANI and GC/
CuO (NPs)/PANI/Mu electrodes. The Nyquist plots of the 
bare electrode represents at low frequency a straight line 
with a small semi-circle at high frequency region. On the 
opposite hand, the Nyquist plots of the modified electrodes 
represents a semi-circle at high frequency region, which is 
expounded to higher charge transfer resistance (RCt) than 
it was estimated for the bare GCE. The variation indi-
cates the passivation of the GC electrode. To simulate the 
Nyquist plots, a standard Randles equivalent circuit was 
used to estimate the analytical parameters as presented 

Fig. 2   Schematic illustration of the experimental process during sensor fabrication
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in Fig. 4B. The proposed equivalent circuit includes the 
solution resistance (Rs), the charge transfer resistance 
(RCt), the Warburg impedance (Wo) and the constant phase 
element (CPE). The experimental impedance values are 
coupled with Randles equivalent circuit simulation using 

Nova software. The electrode coverage rate was calculated 
using the relation given by Eq. (1) [25, 26].

, where R0
ct is the charge transfer resistance of the bare GC 

electrode and Rct is the charge transfer resistance of the 
modified electrode. The obtained results from Eq. (1) are 
gathered in Table 1. Using the variation of charge transfer 
resistance after the formation of the CuO(NPs)/PANI/Mu 
film, it can be deduced that the coverage rate is 86%. In fact, 
when the electrode modification was performed, a dense and 
better-packed layer of CuO(NPs)/PANI/Mu was established. 
Therefore, it could be concluded that nanoparticles were 
intercalated in the conducting polymer film. The permeabil-
ity Pm of the elaborated films under optimal conditions was 
investigated using a rotating disk electrode (RDE) as shown 
in Figs. 5A. The rotating disk voltammograms were recorded 
for the modified electrodes at different rotation rates in an 
aqueous solution of hydroquinone as electroactive perma-
nent and compared to the results obtained from a bare glassy 
carbon electrode. An increase is observed with the increase 
of the rpm from 200 to 1200 rpm. The calculation was done 
according to the equation introduced by Gough and Leypoldt 
[27]. The equation relates the variation of limiting current 
ilim with the mass transport for a functionalized rotating disk 
electrode [28]. Pm was calculated using this equation:
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Fig. 3   (A) Oxidation of copper nanoparticles by cyclic voltammetry in 0.1 M NaOH solution (40 cycles, 50 mV/s) and (A) Chronoamperometry 
at U = 0.85 V versus SCE for 1500 s in 1.00 M H2SO4 solution containing 0.025 M aniline and 0.00125 M murexide

Fig. 4   Cyclic voltammograms of different modified electrodes per-
formed with hydroquinone 10−3  M in Pbs pH = 7,4. At potential 
sweep rate of 100 mV/s vs. Ag/AgCl/(sat. KCl). a Bare GCE, b GCE/
Cu(NPs), c GCE/CuO(NPs), d GCE/CuO(NPs)/PANI and e GCE/
CuO(NPs)/PANI/Mu
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 where n is the number of electrons transferred, F is the 
Faraday constant, A is the electrode radius, D is the diffusion 
coefficients for the substrate in the bulk solution, C is the 
hydroquinone concentration, ν is the kinematic viscosity of 
the solution and ω is the rotation rate of the RDE. The plot 
of 1/ilim versus ω1/2 presents a linear behavior with a positive 
intercept that depends on the permeability Pm of the film 
(Fig. 5B). Permeability values of 0.0039 and 0.0027 cm.s−1 
were calculated for the GC/CuO(NPs)/PANI and the GC/
CuO(NPs)/PANI/Mu electrodes, respectively. According 

to these values we can assume that the deposited film is 
permeable to some molecules. UV visible spectroscopy 
was done to evaluate the optical activity of the developed 
film. Figure 6 shows the spectra of the PANI layer contain-
ing two distinctive peaks at 326 nm and 644 nm which are 
attributed to π-π* and polaron-π* transitions, respectively 
[29]. The UV–visible spectra of the composite film present 
three distinctive peaks localized at 259 nm, 292nnm and 
452 nm which can be assigned to n- π* for nanocomposite, 
π-π* transition of benzenoid and π-π* transition of quinoid, 
respectively. From literature [17] and Fig. 6, it is affirmed 
that the characteristic peaks of PANI, Mu and CuO(NPs) 
appeared in the CuO(NPs)/PANI/Mu composite. Moreover, 
peaks of polyaniline, CuO(NPs) and Mu at nanocomposite 
are obviously shifted to shorter wavelength. It is important 
to mention that the use of CuO(NPs) as a doping agent in 
the polymer matrix generates displacements in the bands of 
PANI spectra due to the interaction of NPs with polyani-
line.The SEM images of bare GC, SPCE/CuO(NPs), SPCE/
CuO(NPs)/PANI and SPCE/CuO(NPs)/PANI/Mu electrodes 
surfaces are gathered in Fig. 7. According to Fig. 7, it is 
clear that the bare and modified electrodes surfaces are dif-
ferent from each other. Figure 7b shows the formation of 
Cuo (NPs) on the electrode surface. The same procedure of 
deposition was used in a previous work in order to elaborate 
CuO(NPs) [24]. The SEM image in Fig. 7(c and d) shows 
that polymeric layer is uniformly distributed on the electrode 
surface. The layer is composed of PANI nanofibers as it can 
be seen in Fig. 7 and as discussed by Haibin Zhang and all 
[30]. They estimate that the applied potential resulted in dif-
ferent PANI morphologies. This phenomenon can be attrib-
uted to the decomposition of PANI controlled by potentials. 
As we know, the decomposition of PANI occurred simul-
taneously with the polymerization and there is a compe-
tition between the polymerization and the decomposition. 
The electrochemical polymerization of aniline involves two 
stages. An initial stage, PANI grew on the bare electrode and 
a second stage, PANI grew more on the electrode surface 
creating a compact PANI layer [20]. These two stages can 
be observed in Fig. 7 (Stage A and B). When the applied 
potentials reached 1.00 V versus SCE, the decomposition of 
PANI was not negligible. However, in present experiments, 
the applied potentials did not exceed 0.85 V versus SCE, 
and the decomposition of PANI can be neglected. Therefore, 
the PANI nanofibers can be obtained easily [31]. From the 
SEM image, we can observe better fibers using murexide 
molecules.

Electrochemical performances of the sensing matrix 
for cholesterol quantification

The deposited CuO (NPs)/PANI/Mu composite layer 
was used for cholesterol detection using electrochemical 

(A)

(B)

Fig. 5   (A) Nyquist plots of the modified electrodes performed with 
hydroquinone (10−3 M) in Pbs pH = 7.4 solution. (a) Bare GCE, (b) 
GCE/Cu NPs, (c) GCE/CuO(NPs), (d) GCE/CuO (NPs)/PANI and 
(e) GCE/CuO(NPs)/PANI/Mu. Frequency range is from 0.05 to 
75,000 Hz, the modulation amplitude is 10 mV and the working elec-
trode potential is 250 mV. (B) Randle-type equivalent circuit

Table 1   Simulation parameters of the modified electrode using 
Nyquist diagrams. The used circuit is [(R (Q [RW]]

Matrix RS(Ω) Rtc(Ω) ϴ%

Bare GCE 103.61 177.43 –
GCE/Cu NPs 109.59 541.49 67
GCE/CuO NPs 105.66 432.97 59
GCE/CuO NPs/PolyAN 111.62 823.01 78
GCE/CuO NPs/PolyAN + Mu 108.01 1275.9 86
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impedance spectroscopy measurements (Fig. 8). Imped-
ance parameters were calculated with NOVA software and 
fitting the obtained diagrams. An increase in charge transfer 
resistance (RCt) is observed with the increase of cholesterol 
concentration in the solution. A decrease in Warburg values 
with increasing cholesterol concentration. These changes in 
impedance parameters indicate the electrode passivation. 
A significant increase in the charge transfer resistance as a 
function of cholesterol concentration is observed. The cal-
culation of the surface coverage of the electrode after each 
addition shows an increase in the covered electrode surface 

from 9 to 83%. This increase proves that cholesterol mol-
ecules adhere to the surface of the electrode and increases 
its concentration in the solid–liquid interface. The choles-
terol adhesion on the electrode surface is probably due to its 
hydrophobic property [32]. Figure 9 shows the plot of Rct 
as a function of –log[cholesterol]. The modified electrode 
showed a linear relationship between the charge transfer 
resistance and the cholesterol concentration in the range 
from 50 to 0.5 nM (y =  − 5575 × x + 54,700 (R2 = 0, 9780)). 
The deposited layer presents a good sensitivity of 5575 Ω/
logM for cholesterol detection. These results indicated that 
the modified electrode has excellent ability for non-enzy-
matic detection of cholesterol if compared with previous 
reports as shown in Table 2. For a non-enzymatic cholesterol 
sensor, the selectivity is a crucial parameter. It is well known 
that ascorbic acid (AA), uric acid (UA) and glucose inter-
fere with the detection of cholesterol [33]. Therefore, in this 
study, concentrations of these molecules are 10 times higher 
than cholesterol concentration. The response of the sensor 
was recorded in the sample solution containing 10−5 M 
of cholesterol. Figures 10 and 11  summarizes the results 
obtained indicating a small variation of the charge transfer 
resistance in presence of the studied interfering compounds. 
0.68%, 6% and 8% in the signal were observed for glucose, 
AA and UA, respectively. The applicability of the elabo-
rated cholesterol sensor was verified by the determination 
of the amount of cholesterol in milk samples. Specifically, 
milk samples were diluted with PBS (0.1 M) and a known 

(A) (B)

Fig. 6   Spectrum of linear voltammograms (A) and Koutecky–Levich characteristics (B) of (a) Bare GCE, (b) GCE/CuO(NPs)/PANI, (c) GCE/
CuO(NPs)/PANI/Mu (V = 10 mV / s, 1 mM Hydroquinone in phosphate buffer pH = 7.4). W1/2 is in (Rad/s)1/2

Fig. 7   UV–visible spectra for a PANI, b CuO(NPs)–PANI–Mu nano-
composite film and c Mu
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cholesterol concentration was added to the solution. No 
further treatment of the sample was required. The obtained 
results are summarized in Table 3, which indicates that the 
elaborate sensor show a good quantification of cholesterol 
in milk samples.

Conclusion

A CuO(NPs)/PANI/Mu nanocomposite deposited onto a 
glassy carbon electrode was used to investigate the non-
enzymatic detection of cholesterol. The SEM analysis 
showed that CuO (NPs) were incorporated onto the polyani-
line–murexide composite. The electrochemical response for 

Fig. 8   Scanning electron micro-
graphs of a bare screen-printed 
carbon electrode (SPCE), b 
SPCE/CuO(NPs), c SPCE/
CuO(NPs)/PANI and d SPCE/
CuO(NPs)/PANI/Mu. Resolu-
tion of 1 µm, magnification of 
10.000 and accelerating poten-
tial of 15.0 kV were used

Fig. 9   Nyquist diagrams corresponding to the detection of different 
concentrations of Cholesterol ranging from 10–9 to 10–3 M in phos-
phate buffer solution (100 mM) pH = 7.4

Fig. 10   Linear relationship between Rtc and the negative logarithm of 
cholesterol concentration
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cholesterol quantification was evaluated by Impedance spec-
troscopy method. The non-enzymatic sensor demonstrates 
a high sensitivity and good stability in a wide range of con-
centrations from 0.5 to 1 mM. The developed bioanalytical 

system was successful applied for cholesterol determination 
in milk with high recovery and selectivity.
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