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Abstract:

A non-enzymatic glucose biosensor was developed by utilizing the zinc oxide nanoparticles (ZnO NPs) synthesized
by a novel green method using the leaf extract of ocimum tenuiflorum. The structural, optical and morphological
properties of ZnO NPs characterized by means of X-ray diffraction (XRD), ultraviolet-visible (UV-Vis)
spectroscopy, Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), energy-
dispersive X-ray (EDAX) spectroscopy, and transmission electron microscopy (TEM). The XRD analysis revealed
that the ZnO NPs were crystalline and had a hexagonal wurtzite structure. The crystallite size measured by XRD
was the same as that measured using SEM and TEM. The UV-Vis absorption spectrum estimates the band gap of
ZnO NPs present in the range of 2.82 to 3.45 eV. The reduction and formation of ZnO NPs mainly due to the
involvement of leaf extract bio-molecular compounds analyzed from the FTIR spectra. The SEM result confirms
the morphology of the NPs responsible from the various concentration of leaf extract in the synthesis process.
HRTEM analysis depicts the spherical structure of ZnO NPs. The synthesized NPs have the average size ranges
from 10-20 nm. The fabricated GCE/ZnO glucose sensor represents superior electro catalytic activity that has been
observed for ZnO NPs with a reproducible sensitivity of 631.30uA mM™ cm, correlation coefficient of R = 0.998,

linear dynamic range from 1~8.6 mM, low detection limit of 0.043 uM (S/N = 3) and response time less than 4 s.

Keywords: Green synthesis, Spherical zinc oxide nanoparticles, Structural properties, Glucose, Non-enzymatic

biosensor

1. Introduction
The fast, remarkable sensitivity, high selectivity, stable and low-cost glucose detection finds key role in many fields

including clinical diagnosis of diabetes, environment, food industrial analysis, bioprocess monitoring etc., [1]. The



International Diabetes Federation (IDF) estimated about 382 million human being globally has suffered from
diabetes in 2013. For diabetic patients the glucose sensors are the leading biggest market for biosensors among the
world [2]. Therefore, to avoid diabetic emergencies the diabetic patients test their blood glucose levels in a safe
range for numerous instances a day. These measurements are commonly performed the usage of a blood test. Most
of the traditional techniques employ colorimetric readout or electrochemical systems. Electrochemical glucose
sensor improvement classified into four primary generations. Among them first three generation sensors are
enzymatic, which physical parameters limit their practical application and to justify these limitations, an alternative
fourth generation glucose sensors based on the direct electro oxidation without the use of enzyme, “non-enzymatic”
sensors have been developing [3, 4, 5].

Currently, the improvement of green efficient techniques adopted for the synthesis and characterization of nano par-
ticles to explore their applications in scientific and environmental system [6]. By the advancement of a few chemical
and physical synthetic procedures, prompts to make utilization of high pressure, energy, temperature and toxic
chemical have inconvenient effect at nano scale properties. To overcome these chemical and physical hazards risks,
the adoption of green synthesis path has been pursued to minimize bio-hazardous waste, easy reduction of NPs size
and shape, cost effective, economically viable, environment friendly, potential medicinal property, faster rate of
synthesis and easily scaled up for huge scale synthesis [7,8]. Many researchers established the green synthesis of
nanomaterials using plant extracts, microbes and plant parts. The medicinally active plants such as emblica
officianalis, lemon grass, Aloe vera, Neem have been successfully used for the green synthesis of ZnO, CuO, TiO,
and Ag NPs, however we used Ocimum which much work is not done [9,10,11,12]. Among them ZnO NPs have
features such as abundance in nature, excessive electrochemical stability, non-toxicity and biocompatibility, which
have immense potential applications in the fabrication of Nano devices [13, 14, 15, 16, 17, 18]. The present research
work has been carried out to explore a bio-mediated route for successful synthesis of ZnO NPs with Ocimum
tenuiflorum leaf extract and applied these NPs in Non-enzymatic glucose sensor phenomena. A validation of the
technique were carried out by characterizing the materials, using XRD, UV-Vis, FTIR, SEM, EDAX, TEM and
cyclic voltammetry (CV) for elucidating the properties such as structural, morphological and electrochemical and
also in order to prove the successful preparation of spherical zinc oxides NPs in their nano. Further, the fabricated
enzyme-free glucose ZnO modified electrode was constructed and performed to show a sensitivity of 631.30uA
mM™ cm™. Thus, the ZnO modified electrode achieved desirable glucose sensing ability with excellent long-term

stability and high sensitivity thus is very promising non-enzymatic glucose sensor for sustainable application.

2. Materials and Methods

2.1 Chemicals and apparatus

Zinc nitrate hexahydrate (Zn (NO3),.6H,0) analytical reagent grade was purchased from Sigma-Aldrich. All the
electrochemical experiments performed by means of Metrohm Auto Lab B.V (JNTUH, India). The three-electrode
system consisting of working, reference and counter electrode as a modified glassy carbon electrode (GCE diameter
of 3mm) coated with ZnO NPs, saturated Ag/AgCl and Pt wire in a electrolyte of 0.1 M NaOH used to study the

electrochemical properties, electrolyte are purged with deoxygenated N, gas. The crystallinity and crystal phases



were characterized by using XRD with Bruker D8 X-ray diffractometer (CuKa; A=1.5418 A). An optical property of
the nano particles were analyzed using Systronics Double Beam UV-Vis spectrophotometer 2202. The elemental
composition estimated with energy dispersive spectroscopy (EDAX). The chemical composition was performed by
using fourier transform infrared spectroscopy (perkinelmer-FTIR spectrum-100) at wave length range of 450-4000
cm™. The scanning electron microscopy (SEM JEOL-JSM-7600F) and transmission electron microscopy (TEM)
along with selected area electron diffraction pattern (SAED) images were recorded using (JEM-Model 100CX II) to

estimate morphological and crystalline properties of samples.

2.2 Preparation of leaf extract and synthesis of the ZnO NPs

Healthy Fresh leaves of ocimum tenuiflorum collected and washed with de-ionized water to remove any dust
particles and finally air-dried. From that, 25 g of leaves cut into fine pieces and transferred to 500 ml beaker, boiled
at 100 °C with 100 ml of distilled water. Filtrate of extract collected by using Whatmann’s filter paper and stored at
40°C for further use. Zinc nitrate hexahydrate (Zn (NO3),. 6H,0) (2mM) solution was made to react with 5ml of the
aqueous extract for 3—4 h under continuous stirring at room temperature. After that, the mixture transferred on to hot
plat to carry out bio-combustion process. The significance of the bio combustion is to make the mixture into
homogeneous and spherical NPs. The resultant products calcined at 450°C for 4 hr. The same above procedure
followed for synthesizing the remaining samples by the adding 10, 15 and 20 ml of plant extract and these final

products labeled as 5, 10, 15 and 20 ml respectively.

2.3 Fabrication of ZnO/GCE modified electrode

ZnO/GCE modified glucose sensor fabricated by following the simple drop casting method. The polished glassy
carbon electrode (GCE) rinsed with alumina powder. Then the adhered alumina was cleaned using ultra-sonicator
for about 5 min in ethanol and deionized water. Then the electrode cleaned with water and dried. The ZnO NPs were
added to double distilled water with a concentration of 5 mg/ml and then sonicated to have uniform dispersion. From
this process, 4ul of NPs coated on GCE and the electrode dried at 35°C for about 10min in oven. Finally, 2 ul of an
aqueous solution of Nafion was dropped on the surface of ZnO/GCE which were dried at room temperature. The
electrode active area of bare GCE and ZnO/GCE is 0.0793 cm? and 0.23 cm? respectively [19].

3. Results and discussions

3.1. X-ray diffraction (XRD)

Fig.1. shows the XRD studies of ZnO NPs prepared by different concentration (5, 10, 15 and 20ml) of ocimum
tenuiflorum leaf extract. All the XRD peaks of ZnO NPs correspond to hexagonal phase with crystalline wurtzite
structure. It was observed that the Nine reflection peaks of 26 degree with corresponding Miller indices (hkl) values
at 31.80° (100), 34.44° (002), 36.28° (101), 47.59° (102), 56.65° (110), 62.92° (103), 68.49 (112), 69.55 (201), and
77.61 (202) and these are perfectly matched with JCPDS card No. 36-1451 and also there is no indication of

secondary phase.
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Fig. 1. Shows the XRD of ZnO NPs synthesized with 5, 10, 15 and 20ml of Ocimum tenuiflorum leaf extract.
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The broadening of XRD peak at half-maximum intensity indicates full width half maximum (FWHM) where used to
calculate the average crystallite size of the nanoparticles, and these are estimated from the Scherrer’s formula. The
concentration of leaf extract affect various structural parameters namely d Spacing, Crystallite size, Strain, specific
surface area, dislocation density and Lattice parameters and analyzed with the corresponding equations [20], and the
obtained valves from these equations are shown in Table 1.
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Where d is the interplanar spacing, A is the X-ray -wavelength, D is the crystallite size, 8 is the Braggs angle, {3 is the
full width half maximum (FWHM), & is the dislocation density, and ¢ is the micro strain.



Fig. 2 shows the Williamson and Hall (W-H) relation [21] of as synthesized ZnO NPs gives a slope and intercept.
Where slope and intercept represents strain (¢) and grain size (kA/D) of NPs have x-axis (4 sinf) and y-axis (B cos0).
A dislocation is an imperfection located inside of a crystal, which strongly affect the nanostructure properties.
Present green synthesis method can reduce the dislocations in nanomaterials than the chemical and physical
methods, which strongly enhance the properties of ZnO NPs. The dislocation density increase even as the crystallite
size decreases with increasing strain [22]. The specific surface area (SA) was estimated using the following

relationship, which depends on morphology of sample [23].

Where, p is the density of ZnO (5.606 g/cm?).

Intercept Slope
S5ml 0.00598 0.00365 -
10 ml 0.00698 0.00379 = -
15 ml 0.00813 0.00451 ‘ —®
20 ml 0.0115 0.00567 = -~ 15 ml

Beta Cos Theta

L} ' ) L] L) " L} L2 |} L ] L L) " | L | L4 ]
1.0 12 14 16 18 20 22 24 26 28
4 sin Theta
Fig. 2. Shows the Williamson and Hall (W-H) plot of as synthesized ZnO NPs.

Table: 1. Shows ZnO NPs structural parameter obtained from XRD.

d-Spacing Crystallite  size Strain Specific Dislocatio  *Lattice parameters
(101) (nm) surface n density
Scherre  W.H area a=3.232 c=5.206

r’s Plots (m?lg).




5ml 2.41948 24 23 0.003652 13.4 0.00160 3.279 5.205

10ml  2.41152 22 19 0.003786 15.1 0.00202 3.275 5.201
15ml  2.41862 19 17 0.004506 17.2 0.00263 3.276 5.194
20ml  2.41903 15 12 0.005673 21.2 0.00398 3.272 5.198

*Standard values: a=3.498 and ¢=5.2066 A (JCPDS card no. 36-1451).
The lattice constant ‘a’ and ‘c’ estimated from the following equation [24].

1 4 (h2+hk+K?) + 12
dz 3 a2 c2

The calculated lattice constants ‘a” and ‘c’ are very close to that of the standard values (36-1451). These result

shows that the lattice constants are not affected much by the green synthesis of ZnO NPs.

3.2. Optical properties

UV-vis spectrum used to estimate the optical absorbance behavior for the ZnO NPs as shown in Fig 3. The
absorption peaks observed at the wavelength range of 340-360 nm for all the synthesized samples. Evidently, at the
wavelength of less than 400 nm ZnO NPs perform good UV-shielding phenomena, therefore the optical band gap
values estimated with the Kubelka—Munk model increased from 2.82 to 3.45 eV as shown in the inset Fig. 3 (inset)
and the values are given in table. 2 [25, 26, 27].

ahd = A(h9 — E))" oo 8

Where o: absorption coefficient, A: constant, h: planks’s constant, 9: photon frequency, Eg: Energy band gap and
n=2 for the direct allowed transitions.

Table.2. shows the optical properties of synthesized ZnO NPs.

Crystallite Absorbance Wave Band gap
size (nm) (arb.units) length(nm) Ey (eV)
5ml 24 0.22 364 2.82
10 ml 22 0.36 360 3.04
15 ml 19 0.49 352 3.19

20 ml 15 0.58 344 3.45
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Fig. 3. UV-Visible spectra of ZnO NPs (Inset: Energy band gap diagram)

3.3. FTIR analysis

The FTIR spectra for the ZnO NPs prepared by different concentration (5-20ml) of leaf extract as shown in Fig. 4.
Stretching vibrations of Zn—O sharp peak appearing in the range of 450-800 cm™ [28]. The O—O bonds assigned at
1022 and 1114 cm™, C=0 stretching mode appeared at 1365 cm™. It is important to mention here that the
concentration of leaf extract increases the surface to volume ratio increases; therefore, the position of the peak

gradually shifts towards the lower wave number then there is an increase in the transmittance percentage [29].
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Fig. 4. FTIR spectra of as synthesized ZnO NPs.

The peaks at 2713, 2715 and 2830 cm'related to C-H bonds, which confirm the bio-molecules adsorbed on the
surface of ZnO NPs [30]. The wide band in the region of 1609 and 3423 cm™due to the presence of hydroxyl group
indicating the adsorption of H,O on to the sample surface [31]. However, the biological entities possess capping and
stabilizing agents in the synthesis process such as phytochemicals like flavonoids, phenolics, terpenoids, cofactors,
etc. mainly act as reducing and stabilizing agents during synthesis. Flavonoids are a large group of polyphenolic
compounds, which can actively chelate and reduce the nanoparticles. The transformation of flavonoids from the
enol- to the keto-form, that plays a key role in the formation of Zn*". Moreover, the internal mechanism of the
conversion of ketones to carboxylic acids in flavonoids is likely to be involved in reduction. Interestingly, some
flavonoids are able to chelate metal ions with their carbonyl groups, which chelate Zn*metal ions. The presence of
such mechanisms may indeed explain the ability of flavonoids to be adsorbed onto the surface of a nanoparticle.
This probably means that they are involved in the stages of initiation of nanoparticle formation (nucleation) and

further aggregation, in addition to the bioreduction stage[32].

3.4. Scanning Electron Microscope (SEM)

SEM images depicts the surface morphology of the ZnO NPs. Fig. 4 (a-d) shows typical SEM analysis of ZnO NPs
synthesized from 20 ml of leaf extract. The ZnO NPs have been synthesized in large quantity, which was confirmed,
by the higher (1um) and lower (200 nm) magnifications of SEM image shown in Fig. 4 (a) and (b). Due to high-
density growth, most of the NPs possess spherical shape with an agglomerated and well distribution. Moreover, the

NPs exhibit smooth surfaces due to the green synthesis method.
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Fig. 4. SEM images of as synthesized ZnO NPs (a) 1 um magnification (b) 200 nm magnification (c)

elemental composition (d) EDAX spectra.

Further analysis of ZnO NPs was evaluated by EDAX in Fig. 4 (c) which confirmed the zinc and oxygen wt% only.
The EDAX instrument confirms the detection limits of elements, which show the synthesized ZnO NPs made up by
zinc and oxygen only without any noticeable impurity. Further ZnO NPs were analyzed to determine the elemental
composition by EDAX spectrum are shown in Fig. 4 (d) which confirms the signal characteristic of zinc and
oxygen only. All the presented peaks assigned for Zn and O without any unknown signals proves the purity of ZnO
NPs

3.5. TEM analysis

HR (high-resolution) TEM analysis confirmed the morphology and size with their corresponding SAED patterns and
lattice parameters of the synthesized ZnO NPs using 20 ml leaf extract concentrations are represented in Fig. 5 (a,
b).
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Fig. 5. HRTEM images (a) 100 nm magnification (Inset: interplanar spacing) (b) 10 nm magnification (Inset:
SAED patterns) of ZnO NPs with 20 ml Ocimum tenuiflorum leaf extract.

The TEM images of ZnO NPs grown in high density, due to that agglomeration obtained and the NPs are in
spherical with a narrow size distribution observed in size of 155 nm, which are in good agreement with crystallite
size obtained from XRD. The distance between two lattice fringes interplanar spacing of as-synthesized ZnO NPs is
0.248 nm that corresponds to the d-spacing of [101] crystal planes as shown in inset Fig. 5(a). The SAED pattern
clearly indicate circular concentric circles of three main peaks are well indexed to (100), (002), and (101) planes are

suggesting to high crystalline wurtzite hexagonal nanocrystals ZnO NPs are shown in inset Fig. 5(b).

4. Electrochemical characterization

The electro catalytic activities of the 20 ml green synthesized ZnO NPs used as an efficient electron mediator. The
working electrode used as modified ZnO/GCE towards glucose oxidation observed at different scan rates. Fig. 6
shows typical Cyclic voltammetric responses for the ZnO/ GCE electrodes was tested at the 5 mV/s scan rate with
potential range of 0.2 to 0.9 V (vs. Ag/AgCl) in the supporting electrolyte of 0.1 M NaOH. The glucose
electrochemical oxidation for bare GCE electrode surface was difficult to response and the addition of 1mM glucose
for the ZnO/GCE electrode shows oxidation and reduction peak potential at 0.68 V and 0.44 V respectively. The
reduction peak in the voltammetric responses might be due the reduction of Glucono-6-lactone [33, 34]. Moreover,
this confirms that the ZnO NPs efficiently acts as electron mediator for the electrochemical glucose sensingat
different scan rates from 5, 7, 9, 10, 20, 40, 60, 80, 100, 120 and 150 mV/s.
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Fig. 7 shows the CVs curve at different scan rates (i.e., 5, 7, 9, 10, 20, 40, 60, 80, 100, 150 mV/s respectively) for
the oxidation of 0.1 mM glucose solution against ZnO/GCE electrode. The anodic peak current increases linearly
and there is a decrease in the cathodic peak current at the scan rate from 5 to 150 mV s *, mainly the conversion of
glucose to gluconic acid due to kinetic limitation of glucose oxidation reaction which are shown in equation 9 and
10. This is a very rapid and reversible redox reaction performed on the surface of ZnO/GCE modified electrode [35,
36].

Glucose — Glucono-é-lactone+2e—+2H+ ... 9
Glucono-3- lactone acid _ ™Y | Gluconicacid ..o 10

Fig. 7 (inset) shows a plot for Ip vs\V*? in which the anodic peak current shows a linear dependence with square root
of scan rates for the ZnO/GCE electrode shows glucose oxidation is a typical diffusion control process over ZnO

surface.
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E/V vs Ag/AgCl

Fig.8. CVs of ZnO/GCE modified electrode in the presence of 1 to 10 mM glucose concentration.

Furthermore, the electron transfer ability between electrolyte and electrode surface with the glucose concentrations
ranging from 1 mM to 10 mM investigated using CVs in 0.1 M NaOH solution at 60 mV/s. As shown in Fig 8,
electrochemical oxidation of anodic and cathodic peak current is clearly there is a increased and decreased, as the
increase in the concentration of glucose and the result suggests the prepared electrode applied for detection of

glucose [37].



4.1. Amperometric current-time (i-t) response of ZnO/GCE modified electrode
The ZnO/GCE maodified electrode were carried out in 0.1 M NaOH solution at a potential of 0.68 V by the addition
of glucose concentration range 1 to 10 mM to estimate the steady state current response as shown in Fig. 9 and the

corresponding calibration plot was presented in Fig. 10.
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Fig. 9. Steady-state amperometrici-t response of glucose at ZnO/GCE electrode (Inset: 0.1-0.4 uM of glucose)

While increase in glucose concentration, a rapid sensitivity and fast response of step current obtained for ZnO/GCE
modified electrode. The high surface area of ZnO NPs makes improved electron transfer with low resistance to
decrease the response time. The active sites located on the surface of ZnO NPs are active at low concentration of
glucose but the saturation of active site can be seen at high concentration of glucose due to saturation values of
current. The i-t current response of glucose at the concentrations of 0.1, 0.2, 0.3 and 0.4 uM as shown in inset fig. 9
[38, 39]. The calibration plots of current response vs. glucose concentration as shown in Fig. 10. In this, the increase
in current mainly depends on the concentration of glucose present in the electrolyte solution due to the release of
electrons during the electrochemical oxidation of glucose. The calibration plot estimated few analytical parameters
namely sensitivity, linear range, low detection limit (LOD) and response time. The slop of calibrated curve and area
of electrode gives the sensitivity of ZnO/GCE modified glucose sensor of about 631.30 pAmM ™ cm™?, correlation
coefficient of R = 0.998, the detection limit were calculated using LOD= (k * sh)/m Where k is chosen as 3; k value
3 corresponds to a confident level of 98.3%. sb is the standard deviation of the blank and m is the calibration

sensitivity between concentration vs current. The obtained detection limit is 0.043 mM (S/N=3), linear range of 1 to



8.6 mM with a response time less than 4s. These analytical parameters values are more comparable with other
previous report [40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51], which are given in table 3.
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Fig. 10 The calibration plot of steady-state current response vs. concentration of glucose in uM

Table. 3 Comparison of Non-enzymatic glucose sensor parameters for ZnO/GCE modified electrode with previous

report modified electrodes.

Electrode materials Sensitivity Response Linear LOD References
(PAmM ™ time (s) range(pM) (uM)
cm™)
Zn0O-CuO core-shell spheres 12174 2 20-4860 1.677 [40]
Mesoporous ZnO-NiO 120.5 3 0.5- 6400 0.5 [41]
NiO hollow microsphers 2390 3 0.00167-6.87 0.533 [42]
Nanoporous NiO/TiO, layers 252.0 - 0.005-12.1 1.0 [43]
CuO-Zn0O nanofibers 463.6 - 0.8-3880 0.126 [44]
Platelet-like Ni(OH), 202 5-7 0.05-23 6 [45]

Cu-NiO/GCE 0.171 0.5-5000 0.5 [46]




CuO nanoflowers/GCE 2657 1.7 - 1-5mM 1.71 [47]

CuO-TiO, nanotube arrays on 79.79 - 1 uM Up to 2 05 [48]
Ti foil mM

NiO—CuO nanowire arrayson Ti 1600 - 0.1-1200 0.42 [49]
CuO-NiO microfibers 3165.53 1 nM 3 uM-— 0.51 [50]
CuO and Pt nanostructure/Ta,0s 160 1 uM Upto3 1mM [51]

nanoporous honeycomb

Green synthesis of ZnO 631.30 <4 1t08.6 mM 0.043 This work
Spherical NPs

4. 2 . Selectivity, Reproducibility and Stability studies of ZnO/GCE modified electrode.

The selectivity studies performed by observing the interfering substances in the blood glucose serum, generally
which are easily oxidizable substance such as uric acid, ascorbic acid, lactose, galactose and fructose and contains
30-50 times lower than glucose level. These interfering substances act as distracters for hindering the performance

of glucose sensor, so it is important to execute for selectivity studies.
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Fig. 11. Amperometric i-t response curve for ZnO/GCE to the glucose and interfering substances.



Fig. 11 shows amperometrici-t response for ZnO/GCE with the addition of 1.5 mM glucose solution with increase in
4% current response by the addition of interference substances which depends on physiological concentration [52]
and structural difference [53], while there were negligible current response towards the interference substance
expect for fructose, galactose and lactose. The possible reason of the negligible influence of Ascorbic acid (0.1mM)
and uric acid (0.1mM) is their structural difference with glucose and physiological concentration. However, the
modified electrode exhibits obvious current response towards fructose (0.1mM), galactose (0.1mM) and maltose
(0.1mM). The results indicate that the ZnO/GCE has an excellent selectivity toward glucose detection. The three
different electrodes are prepared in the same procedure to estimate the reproducibility parameter of the ZnO/GCE
modified glucose sensor used to detect 6 mM glucose for each electrode respectively. The relative standard
deviation (RSD) observed for this measurements was about 2.65 %. The repeatability were tested by conducting the
six successive amperometric measurements with one modified electrode at 6 mM glucose concentration and the
measured RSD valve is 1.18% and the results indicates the excellent repeatability and reproducibility. The stability
were analyzed by placing the electrode at room temperature for 10 days and the difference between the CVs of first
and tenth day shows the current response remained 92.7% at 6 mM glucose, makes the good stability towards the

glucose oxidation.

5. Conclusions

The ZnO NPs were prepared successfully via Bio mediate process using Ocimum tenuiflorum leaf extract. SEM and
TEM confirmed the spherical shape ZnO NPs with a particle size of about 15+2 nm. The elemental composition
confirmed by EDAX and chemical composition of the NPs by FTIR. The crystalline size, d-spacing, dislocation
density and strain of the NPs are calculated by XRD pattern. The fabricated ZnO/GCE modified electrode performed
excellent analytical sensor futures such as sensitivity of 631.30 pA mM™ cm™, detection limit of 0.043 mM (S/N=3),
linear range of 1 to 8.6 mM with a response time less than 4s, excellent repeatability, reproducibility and stability
achieved higher activity towards the oxidation of glucose. Green synthesized NPs performing excellent catalytic
activity toward glucose oxidation due to less toxic, smooth surface and decrease of particle size than the chemical
and physical synthesized nanostructures. Hence, ZnO NPs act as a sustainable application for Non-enzymatic

glucose sensors.
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Graphical abstract



Highlights
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Bio-mediated route has been employed to prepare spherical shape ZnO NPs.

The Green synthesized ZnO NPs shows excellent electrocatalytic activity toward glucose.
The sensor shows wider linear range (1~8.6 mM), limit of detection (0.046 pM)
and sustainable sensitivity (681.60 pAmM-1 cm-2 ) toward glucose biosensor.

Compared to the chemical and physical, Bio-mediated route shows excellent properties

for Non enzymatic glucose sensor application.



