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ABSTRACT: Glucose monitoring devices for diabetes mellitus, which is a
worldwide significant health issue, have attracted attention of many researchers.
Herein, we report a hollow Mn−Cu−Al oxide nanocomposite (HMCA) by a
microwave-assisted technique showing excellent sensing abilities toward glucose.
Also, it possesses a superb supercapacitor activity described in our previous paper.
The sensitivity value of the nanocomposite is 2.194 mA mM−1 cm−2 with a low
detection limit of 0.43 μM (S/N = 3). The high sensitivity and low detection limit
were the results of the large surface area of the nanocomposite and the redox nature
of CuO and MnO2. It shows a selective detection of glucose levels in blood serum.
The hollow nanocomposite has been useful for monitoring the glucose level in blood
serum and holds great potential for diabetes mellitus and clinical diagnosis.

1. INTRODUCTION

Determination of glucose plays a very vital role in various fields
such as clinical analysis, food technology, pharmaceutical
chemistry, industrial and environmental applications, and so
on1 because active monitoring of glucose does many essential
things in the field of biotechnology, clinical diagnosis, and in
some food monitoring fields.2 Previously, a glucose sensor has
been developed based on glucose oxidase, which has high
sensitivity.3,4 Several disadvantages are found in the glucose
oxidase based biosensor such as more profoundness to the
thermal and chemical environment, stability issue, complexity,
and poor reproducibility.5−7 To overcome these issues, many
efforts have been taken to identify glucose concentration
without the help of enzymes. Pt, Au, Cu, and their alloys have
employed for direct electro-oxidation of glucose.8 Similarly, the
electrodes modified with Ni, Cu, Ag, Hg, and Bi have been
explored as capable enzymeless sensors. However, these
mentioned electrodes have disadvantages of reduced sensi-
tivity, low selectivity, and prone to chloride poisoning. Hence,
it is appropriate to discover and develop a nonenzymatic
glucose sensor with high sensitivity, fast response time, and
excellent stability by electrochemical oxidation.
The nonenzymatic electrodes developed from bimetals,

metal oxide nanoparticles, metallic composites, and metal
alloys hold exceptional structural, chemical, and physical
properties to improve the high sensitivity, fast response, and
wide range of detection with a low detection limit of the
sensor.9 The bimetallic material could become a more
significant catalyst that reveals preferred electronic property
and catalytic activity. Alloys and metal oxide composites are
the foremost systems of bimetallic electrocatalysts. Owing to

the synergistic consequence of the two materials, the bimetallic
materials can expressively improve the glucose oxidation and
diminish the interference and poisoning effect of the sensing
electrode. A binder-free Au/CuO nanocauliflower electrode
possesses an excellent electrocatalytic activity and high
sensitivity toward glucose oxidation.10 Porous CuO−CdO
composite nanofibers show good anti-interference, low
detection limit, and fast response of glucose at 0.4 V, ascribing
to the enhanced conductivity due to CdO, good electro-
catalytic activity due to CuO, and large surface area owing to
porous structure.11 The synergistic effect between NiO@
Fe3O4-SH directed to notable improvements such as linear
dynamic range, low detection limit, and acceptable potential in
the detection of glucose.12

Comparatively, the analytic devices built using transition
metal oxide are cheap and more sensitive because of surface
area and selectivity nature.13 Predominantly, metal oxides, such
as ZnO,14 Cu2O,

15,16 MnO2,
17 TiO2,

18 SnO2,
19 Co3O4,

20

NiO,21 and so forth, have been reported as sensitive electrode
materials for the determination of glucose. Among all CuO is
an eco-friendly p-type semiconductor material that has a
narrow band gap of 1.2 eV. It has been widely used in various
fields such as optical, electrical, photovoltaic system, catalysis,
sensor, magnetic storage media, and so forth.16,22 Excellency in
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multiple areas is owing to the virtue of low cost, exceptional
catalytic activities, free of hazards, good electrochemical
behavior, and eco-friendly nature. Particularly in the field of
sensors, it shows excellent behavior such as good electro-
chemical stability, vibrant activity, high specific surface area,
suitable redox properties, and superior chemical and thermal
stability.23,24 Also, manganese dioxide has possessed many
advantages economically and environmentally. Also, it has
drawn significant research interest owing to its intrinsic redox
nature and best electrocatalytic activities toward carbohydrates,
hydrogen peroxide, and oxygen reduction.25,26 The literature
says the former one (CuO) exhibits high selectivity and a wide
range of detection limits, while the latter one (MnO2) supports
for low detection limit and fast response.
It is familiar that the dimension and shape of nanomaterials

play a significant role in the electrochemical sensor compared
with the bulk material.27,28 Compositing of metal oxide in the
desired shape and size improves the electrochemical perform-
ance and stability.29,30 The excellent compatibility and superior
catalytic property of MnO2 have been utilized with CuO to
design a hollow triple oxide material as a nonenzymatic sensing
material for glucose determination. The presence of Al2O3

improves the electrical conductivity of the composites. The as-
prepared hollow nanocomposite electrode has exceptional
electrocatalytic activities and is also made up of a lasting
electrode for observing blood glucose levels in samples at low
manufacturing cost. The enhanced sensitivity with high
selectivity toward glucose is mainly because of the abundant
availability of active sites, practical usage of active material, fast
mass transport, and high electrical conductivity nature of
nanocomposites.

2. RESULTS AND DISCUSSION
2.1. Formation Mechanism and Physiochemical

Properties. The modified Stober method is employed for
the preparation of core SiO2. The controlled morphology is
obtained by using a stabilizing agent, CTAB. The introduction
of Mn2+ precursor results in the formation of a shell layer by
developing a coordination compound with a hydroxyl group
from urea. An electrostatic interaction between oxides and
metal cations fixes the Cu2+ ions over the surface of SiO2@
MnO2, which results in the formation of the CuO layer.
Further addition of Al3+ ions from Al(NO3)3 results in the
formation of Al2O3. Last, hollow structures have been achieved
with triple oxide materials.31 In this formation procedure,
successive treatment with urea provides an alkaline environ-
ment, which favors for dissolution of core SiO2 that results in a
hollow structure. This SiO2 will neutralize in the essential
medium by forming silicates as a result of breaking the Si−O−
Si bond. The hydrolysis of urea results in an alkaline solution
by forming ammonia and carbon dioxide.32

CO(NH ) 3H O CO 2NH 2OH2 2 2 2 4+ → + ++ −

Etching of silica core took place simultaneously by OH−

released from the hydrolysis of urea. Here, urea not only served
as a reducing agent for the formation of metal oxide but also
provide a hollow nanostructure by delivering a mildly alkaline
environment to remove SiO2 gradually. As a result of
successive treatment, a delicate hollow nanocomposite
structure formed from MnO2, CuO, and Al2O3 (HMCA).
The specific surface area obtained from N2 adsorption and

desorption was about 24.12, 94.29, 201.84, and 310.36 m2 g−1

for S, SM, SMC, and HMCA, respectively. Figure S1
(Supporting Information) provides the N2 sorption isotherms
and the respective pore size distribution of all samples. Results

Figure 1. Cyclic voltammograms of as-prepared nanocomposite-modified electrodes in the absence (a) and presence (b) of 0.5 mM glucose in 0.1
M NaOH at a scan rate of 50 mV s−1. (c) Cyclic voltammograms acquired by HMCA/NF in 0.1 M NaOH in the presence of 0.5 mM glucose. The
scan rate ranges from 5 to 100 mV s−1. (d) Plot of peak current vs square root of scan rate.
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clearly define that HMCA possesses a type IV adsorption
isothermal curve with an H4-type hysteresis loop, which
generally proves the narrow slit-like pores with mesoporous
size and internal voids of irregular shape. The outcomes show
that HMCA possesses a higher surface area, and this increased
surface area is believed to increase the catalytic activity of the
nanocomposites.
Figure S2a−d (Supporting Information) provides the

morphological structure of nonagglomerated and monodis-
persed S, SM, SMC, and HMCA, respectively. Successive
coating provides the hairy appearance to the HMCA
nanocomposites. Also, the image clearly gives the idea about
the disappearance of the core structure on subsequent coating.
As a result, a hollow structure is attained during HMCA
formation. This distinct morphology supports for glucose
fixation effectively. Figure S2g shows the HRTEM image of
HMCA, which clearly distinguishes the high crystalline region
(shell) and low crystalline region (hairy morphology) with a
clear interface. The calculated lattice distance from Figure S2h
matches well with the (1 1 0) plane of Al2O3. Figure S2i shows
that the SAED pattern of the HMCA nanocomposite material
is paired with the JCPDF card: 01-1117. Multielemental EDS
mapping of an HMCA is shown in Figure S2j, which is
consistent with the EDS spectrum shown in Figure S2f, as well
as the surface roughness nature of HMCA supporting
Brunauer−Emmett−Teller surface area results.
Figure S3 (Supporting Information) provides the X-ray

photoelectron spectroscopy (XPS) spectrum for HMCA
nanocomposites. The XPS wide spectrum (Figure S3a)
shows the presence of Cu, Mn, O, and Al in the prepared
nanocomposites. The inset of Figure S3a shows the peak
position of O 1s state at 534.36 eV. Figure S3b−d shows the
individual high-resolution spectra of Mn 2p, Cu 2p, and Al 2p,
respectively. The individual XPS spectrum of Mn 2p exhibits
two prominent peaks at 645.16 and 656.08 eV with 11.2 eV of
spin energy separation corresponding to the Mn 2p3/2 and Mn
2p1/2 spin−orbit peaks of MnO2. Moreover, the atom molar
rate of O is higher when compared to Mn in the survey
spectrum, demonstrate the formation of MnO2, and its
chemical state is 4+. The result was compared with the early
reported MnO2 data. The higher oxidation state of manganese
species has more active sites for electrocatalytic features. The
remarkable peaks in the high-resolution spectrum of Cu 2p
(Figure S3c) around 934.7 and 952 eV correspond to Cu 2p3/2
and Cu 2p1/2 of CuO. These results specify the copper exit in
the valence state of 2+. The presence of Cu2+ affirmed the
good charge-transfer nature, which results from excellent
interaction between both oxides (catalyst-free fabrication of
novel ZnO/CuO core−shell nanowire heterojunction: con-
trolled growth and structural and optoelectronic properties).
The spectrum of Al 2p shows the peak at 71.1 and 76.9 eV
owing to the presence of Al2O3 shown in Figure S3d. The
elemental composition and oxidation state of metallic cations
have been clearly supporting the oxide formation.31

2.2. Electrocatalyst of Glucose on Nanocomposite-
Modified Ni Foam. The catalytic activity of nanocomposite
electrodes on glucose oxidation in 0.1 M of NaOH solution is
proved by cyclic voltammetry (CV) in Figure 1. The plot
explains the CV of 0.5 mM glucose in a NaOH solution at a
scan rate of 50 mV s−1. The presence (Figure 1b) and absence
(Figure 1a) of glucose do not show any response on Ni foam.
A pair of quasi-reversible redox peaks is observed in SM, which
can be assigned to a Mn2+/Mn3+ redox couple, while the Ni

foam does not show any peak. However, a multiple redox peak
is observed in SMC and HMCA, which corresponds to both
Mn2+/Mn3+ and Cu2+/Cu+ redox couples. There is no change
in the peak position on the addition of Al2O3 in HMCA while
comparing it with SMC, which proves the inert electro-
chemical activity of Al2O3. Also, HMCA displays higher
current value than those obtained from SMC, which attribute
to improved stability and enhanced conductivity because of the
presence of Al2O3.

33 Upon glucose addition, the oxidative peak
current obtained at SM, SMC, and HMCA electrodes is
increased, which can be attributed to the catalytic effect of the
redox couple for the oxidation of glucose to gluconolactone
shown in Figure 1b.

MnOOH C H O (glucose)

MnO C H O (gluconolactone)
6 12 6

2 6 10 6

+

→ +

CuOOH C H O (glucose)

CuO C H O (gluconolactone)
6 12 6

6 10 6

+

→ +

The response belonging to irreversible glucose oxidation is
observed at each electrode. Compared with other electrodes,
HMCA shows a negative shift in peak potential. This proved
the high electrocatalytic activity of HMCA on direct oxidation
of glucose. The shifted potential was attributed to the effect of
increased electroactive surface area and electron-transfer rate
between glucose and HMCA electrode.34 Moreover, the
continuous increase in peak current until the potential of 0.6
V proved the involvement of redox species in glucose
oxidation.35 Further, CV of the HMCA electrode in the
presence of glucose solution (0.5 mM) on different scan rates
was performed as shown in Figure 1c. The peak current of
glucose oxidation in the HMCA electrode is proportional to
the scan rate and shows good linearity in the range of 5-100
mV s−1, as shown in Figure 1d. It matches with the linear
regression equation j (mA cm−2) = 0.122ν1/2 (mV s−1)1/2 +
0.368 with a correlation coefficient of 0.941. The outcome
shows that the electrochemical activity is controlled by glucose
adsorption on the electroactive surface.

2.3. Mechanism of Glucose Oxidation. The reaction of
MnO2 in alkaline solution results in the formation of a
hydroxide compound; as a result, Mn(III) oxyhydroxide is
formed further on electro-oxidation. Immediately, glucose will
be oxidized by producing a radical intermediate that responds
rapidly with hydroxyl anions to create gluconolactone.

MnO 2OH MnOOH H O e2 2+ → + +− −

MnOOH C H O (glucose)

MnO C H O (gluconolactone)
6 12 6

2 6 10 6

+

→ +

Similarly, the catalytic reaction of CuO towards electro-
oxidation of glucose depends on the redox couple of CuO/
CuOOH

CuOOH C H O (glucose)

CuO C H O (gluconolactone)
6 12 6

6 10 6

+

→ +

The overall mechanism of HMCA in glucose oxidation is
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MnOOH@CuOOH@Al O C H O (glucose)

hollow MnO @CuO@Al O (HMCA)

C H O (gluconolactone)

2 3 6 12 6

2 2 3

6 10 6

+

→

+

2.4. Amperometric Response of Nanocomposite-
Modified Ni Foam to Glucose. Figure 2 shows the

chronoamperometric response of glucose oxidation in the
HMCA electrode at various potentials on successive addition
of 0.5 mM glucose in 0.1 M NaOH for every 30 s. Comparing
the current responses on the HMCA electrode of glucose
oxidation, the applied potential of 0.3 V provides higher
response sensitivity and lower noise. Hence, 0.3 V was fixed as
the optimum potential for chronoamperometric detection of
glucose in further studies.
The amperometric response of the HMCA electrode at 0.3

V with successive addition of glucose at various concentrations
(5 μM to 1 mM) to 0.1 M NaOH solution under constant
stirring is shown in Figure 3a. It was notable that the HMCA
electrode displays a fast response to the addition of glucose by
achieving its steady state current within 4 s. Figure 3b provides
a sensitive current response to various glucose concentrations.
The corresponding calibration curve shows the regression
equation j (mAcm−2) = 2.196c (mM) + 0.984 with a
correlation factor of 0.991. The HMCA electrode exhibits
exceptional linearity between the peak current and glucose

concentration in the range of 5 μM to 2.5 mM, with a good
sensitivity of 2.196 mA mM−1 cm−2 and a low detection limit
of 0.43 μM at S/N of 3. Table 1 portrays the sensing
comparison of our proposed material with other literature
works. The presence of redox species significantly increases the
electroactive sites and promotes electron transfer in the
glucose oxidation process. Also, the porous morphology
supports for fast diffusion of electrolytes into the electrode
materials. Our HMCA sensor displays a satisfactory perform-
ance with features of higher sensitivity, rapid response time,
and lower detection limit.

2.5. Reproducibility, Stability, and Selectivity Prop-
erty of HMCA Electrode. The reproducibility nature of the
HMCA electrode was evaluated by comparing the ampero-
metric responses at 0.3 V for freshly prepared five different
electrodes (Figure 4a,b). 2.57% of the relative standard
deviation (RSD) value is confirming the high reproducible
results of HMCA electrodes. Also, the successive measurement
of glucose (0.5 mM) using various HMCA electrodes with an
average RSD of 3.15% reveals the excellent reproducing nature
of the HMCA electrode. The long-term stability of the HMCA
electrode material was estimated by measuring the ampero-
metric response regularly for once in 5 days (Figure 4c,d). The
current response data reveal that the fabricated sensor keeps
79% of its initial response after 30 days, which proves the
chemical stability and stable morphology of the HMCA
nanocomposite.
Another valuable property is to investigate the selectivity

nature of sensing electrode among other oxidative species such
as dopamine, ascorbic acid, uric acid, and so on. These
compounds usually exist in blood samples along with glucose
and act as an interfering species in the electrochemical
response of the electrodes. Figure 5 provides the amperometric
response of the HMCA electrode by successive addition of
glucose (0.5 mM) and interfering compounds (0.1 mM) in 0.1
M NaOH electrolyte solution. There is no significant change in
amperometric response on the addition of interfering
compounds that proves the highly selective nature of sensing
electrode toward glucose detection. Additionally, the anti-
poisoning quality of electrodes toward chloride ions has been
tested by adding NaCl to the electrolyte solution because
chloride ions will form a complexation with the metallic
nanoparticle, which reduces the electrocatalytic nature of
HMCA electrodes. In contrast, chloride ions are difficult to
create a complex with metal oxide because the electronegativity
of O is higher than Cl. The results show that the peak current

Figure 2. Amperometric response of HMCA/NF sensing electrode
recorded at various applied potentials with the constant addition of
0.5 mM of glucose in 0.1 M NaOH.

Figure 3. (a) Current−time response of the as-prepared HMCA/NF electrode at 0.3 V upon successive addition of different concentrations of
glucose at an interval of 30 s. (b) Calibration curve of peak current vs concentration of glucose at the HMCA/NF electrode.
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of the HMCA electrode is almost the same on the addition of
NaCl to the glucose-containing an electrolyte, indicating the
antipoisoning nature of the electrode material.
2.6. Human Serum Sample Measurement. To analyze

the performance of the HMCA electrode for real-time analysis,
the electrode was engaged to find the glucose concentration in
human serum samples by performing amperometric measure-
ments (Figure 6a,b). Various concentrations of serum sample
were added to 0.1 M NaOH solution, and the current response
was recorded at 0.3 V. The response of human serum samples
is slightly less than the response of commercial grade glucose
and proves the presence of different biomolecules in serum

samples, which limit the analytes diffuse into HMCA
electrodes. The recovery test was performed to validate the
HMCA sensor by comparing the obtained data with
analytically measured values using a glucose monitoring kit
(MAX Glucocard). Corresponding results are given in Table 2.
For comparison, the obtained results and the results of the
glucose monitoring kit (MAX Glucocard) are shown in the
histogram chart (Figure 6c,d). These results confirm the
potential of the HMCA electrode in the determination of
glucose in human blood serum.

Table 1. Comparison of Analytical Performance of Fabricated HMCA/NF Sensing Electrode with Other Proposed
Nonenzymatic Sensors

sensing materials
detection potential

(V)
sensitivity

(μA mM−1 cm−2)
LOD
(μM) linear range

response time
(s) references

3D electrospun CuO nanofibers/GCE 0.4 431.3 0.8 6 μM to 2.5 mM ∼1 36
ZnO−CuO HNCs/FTO glass plate 0.7 3066.4 0.21 0.47 μM to 1.6 mM ∼2 37
β-MnO2 micro/nanorod arrays/flexible
carbon

fiber fabric 0.55 1650.6 1.9 0.01 mM to
4.5 mM

<3 38

CuO
nanoparticles/CNT 0.4 2596 0.2 0.4 μM to 1.2 mM <1 39
Ni/MnO2

nanocomposite/GCE 0.45 1040 0.1 0.25 μM to 3.5 mM <3 40
CuO nanoparticles decorated carbon
spheres

0.55 2981 0.1 0.5 μM to 2.3 mM <5 41

Nafion/CuO nanoseeds/Au 0.6 1101 50 0.1 mM to
13.3 mM

∼2 42

3D porous CNT/MnO2 composite 0.6 3406.4 0.5 5 μM to 1 mM <3 43
ZnO@N2-doped carbon sheets (NDC) 0.75 231.7 6.3 0.2−12 mM <3 44
HMCA/NF 0.3 2194 0.43 5 μM to 2.5 mM <4 present work

Figure 4. (a) Amperometric test results of five different HMCA/NF sensing electrodes conducted with the successive addition of 0.5 mM of
glucose at 0.3 V. (b) Histogram with error bar shows repeatability results of different HMCA/NF electrodes. The error bar represents the standard
deviation of the current response on the addition of 0.5 mM glucose. (c) Amperometric response of HMCA/NF electrode measured at room
temperature for 1 month period at an interval of 5 days. (d) Long-term stability of HMCA/NF sensing electrode at room temperature.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://dx.doi.org/10.1021/acsomega.0c00417
ACS Omega 2020, 5, 23502−23509

23506

https://pubs.acs.org/doi/10.1021/acsomega.0c00417?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c00417?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c00417?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c00417?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c00417?ref=pdf


3. CONCLUSIONS
The nonenzymatic glucose sensor is successfully fabricated
using HMCA nanocomposites. The presence of a hollow
structure with the porous morphology results in excellent
electrocatalytic activity toward glucose oxidation in the
HMCA/NF-modified electrode. The HMCA sensor electrode
possesses excellent properties such as high sensitivity (2196
μA·mM−1 cm−2), low detection limit (0.43 μM), wide linear
range (5 μM to 2.5 mM), good reproducibility, sturdy stability,
and excellent selectivity toward glucose determination. Addi-
tionally, the HMCA sensor was successfully applied in human
blood serum to determine the glucose concentration. The
composite holds the potential for effective nonenzymatic

glucose determination with high sensitivity and low detection
limit.

4. EXPERIMENTAL SECTION
4.1. Synthesis and Fabrication of Nanocomposite

Based on Glucose Sensing Electrode. A hollow-shelled
triple oxide Mn−Cu−Al nanocomposite (HMCA) was
prepared by microwave-assisted methods described elaborately
in the previous work.31 Briefly, 0.5 g of SiO2, 0.05 M MnSO4,
and 0.015 M CH4N2O were prepared and treated in the
microwave at 120 °C for about 1 h. The obtained powder was
calcined in air at 200 °C for 2 h to get SiO2@MnO2 (SM).
Further SiO2@MnO2@CuO (SMC) was prepared by calcining
the microwave-treated product containing 0.5 g of SM, 0.05 M
Cu(NO3)2, and 0.015 M CH4N2O. Finally, HMCA obtained
the same by treating 0.5 g of SMC and 0.01 M of Al(NO3)2
with urea in microwave, followed by calcination. Nickel foam
of 25 mm2 was successively treated with HCl and ethanol, after
which it was coated with nanocomposite suspension
containing the dispersed nanocomposite in 1:5 ratio of Nafion

Figure 5. Current−time response of HMCA/NF on successive
addition of 0.5 mM glucose and 1 mM interfering compounds
(ascorbic acid, uric acid, and NaCl) in 0.1 M NaOH upon continuous
stirring at 0.3 V.

Figure 6. Current−time response of HMCA/NF sensing electrode in 0.1 M NaOH at 0.3 V on the addition of human blood serum sample 1 (a)
and sample 2 (b). Histogram shows the determination of glucose concentration of human serum sample using HMCA/NF sensing electrode and
glucometer for sample 1 (c) and sample 2 (d).

Table 2. Amperometric Determination of Glucose in
Human Serum Samples

sample 1 sample 2

serum concentration
(serum/DD) HMCA/NF glucometer HMCA/NF glucometer

1:1 3.10 3.08 3.84 3.89
3:1 4.65 4.72 5.76 5.74
1:0 6.20 6.18 7.68 7.86
2:1 4.13 4.07 5.12 5.23
4:1 4.96 5.03 6.14 6.28
error percentage 0.99 1.503
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and isopropanol solution mixed in a proportion of (1:5) to
form the nanocomposite suspension. The coated foam is dried
in a hot air oven for 60 °C to get modified nickel foam (SM/
NF, SMC/NF, and HMCA/NF).
4.2. Electrochemical Measurements. The electrochem-

ical measurement was performed in a three-electrode cell
system using a PARSAT MC electrochemical workstation, in
which the nanocomposite-supported Ni foam was employed as
a working electrode, Ag/AgCl as a reference electrode, and
platinum as a counter electrode. A solution of 0.1 M NaOH
was used to perform CV and chronoamperometric procedure
under a uniform stirring condition at room temperature.
Glucose aliquots were added at a time interval of 30 s to
achieve a steady current state in glucose sensing test. Before
conducting the electrochemical measurement, the nano-
composite-modified electrode was dipped in the electrolyte
for about 10 min.
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