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Abstract
A label-free electrochemical biosensor has been developed using Zinc Oxide nano�owers (ZnONFs) for
the detection of Uric acid. ZnONFs have been synthesized by hydrothermal process and characterized
with several techniques such as Ultraviolet-Visible spectroscopy, Fourier Transform Infrared Spectroscopy
(FT-IR) study, X-ray diffraction study, Raman spectroscopy, Scanning Electron Microscopy and High-
Resolution Transmission Electron Microscopy (HR-TEM) and electrochemical analyser to con�rms the
formation of nano�owers and fabrication of electrode and bioelectrodes for uric acid detection. Pure and
uniform needle �owers and deposited onto Indium Tin Oxide (ITO) substrate through electrophoretic
deposition technique. Further, electrochemical studies have been performed with immobilized enzymatic
bioelectrode followed by various uric acid concentrations. It has been found that the fabricated biosensor
shows high sensitivity (10.38 µA/ mg/mL /cm2) and a limit of detection of 0.13 mg/mL in the range of
0.005 to 1.0 mg/mL. This study demonstrates the potential use of ZnONFs for the construction of overly
sensitive biosensors for Uric acid detection.

Introduction
Uric acid is an end product in the metabolic processes of purine nucleotides in the human body. Uric acid
concentration can be examined by the spectrophotometric method, the method uses 4-aminoantipyrine
and 2,4,6-tribromophenol as reactants, and uricase behaves as a biocatalyst. Permissible concentration
of uric acid in the human serum is lies in the range of 0.15–0.45 mg/mL, for male is to be [237.9 ~ 356.9
µmol/L (4 to 6 mg/dL)] and for females is [178.4 ~ 279.4 µmol/L (3 to 5 mg/dL)] [1–2]. Presence of
optimum amount of uric acid in the human serum is require maintaining the function of renal system but
Further, increased in the concentration of uric acid beyond the allowed permissible limit can lead to
severe chronic and acute diseases such as cardiovascular disease, hyperuricemia, hypouricemia, gout,
arthritis and renal system problems, chronic kidney disease (CKD) [3]. Nanomaterials play an important
role to improve the performance of biosensor devices due to high electrical, mechanical, optical, and
catalytic properties Further improvement in the development of biosensor device is made using the
remarkable nanomaterials such metal oxide and nanoparticle which lead to enhance the surface-to-
volume ratio, biocompatibility, charge carrier mobility and mechanical �exibility. Biosensors are utilized
for non-clinical as well as clinical laboratories using the speci�c bioreceptor bio-analyte system [4].
Various Uric acid biosensors are reported utilizing metal oxide nanoparticle and Uricase-Horseradish
peroxidase (HRP) enzymes for fabrication of uric acid biosensors [5]. Chauhan et al. have developed a
uric acid biosensor using the multiwalled carbon nanotubes as a transducer which is deposited onto Au
electrode surface Uricase/AuNPs/MWCNTs/Au. Fabricated biosensor showed high sensitivity of 0.44 mA
mM− 1 in the linear range of 0.01–0.8 mM and limit of detection of 0.01 mg/mL. High stability and shelf-
life of the bioelectrode surface demonstrates the effective immobilization of enzymes [6]. Muhsin ali et
al. developed the Zinc Oxide quantum dots (ZnO QDs) based uric acid biosensors using uricase enzyme
to fabricate the uric acid biosensor. This sensor possesses high sensitivity of 4.0 µA/mM cm− 2 [7].
Shefali Jain et. al reported uric acid biosensor with sensitivity of 1.838 µA /(µM-cm2), LOD of 0.066 µM
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with linear range of 0-700 µM by using butylamine capped spherical CZTS nanoparticles deposited onto
ITO with uricase enzyme [8]. Castillo-Ortega et al. Constructed polyaniline-poly-n-butyl-methacrylate
composite �lms immobilized with (urate oxidase) uricase enzyme for the detection of uric acid [9]. Zhang
et al reported ZnS quantum dots based uric acid biosensors and the shelf life of constructed bio-electrode
is around 20 days [10–11]. Kan et al. developed a polyaniline-uricase bio-electrode based biosensor via
methods of the generation of hydrogen peroxide and its utilization by peroxidase that detect the
decreasing level of dissolved oxygen concentration by the constructed biosensor. Liu et al. have
constructed a bio-electrode in which a self-assembled monolayer containing a novel norbornylogous
bridge by covalently attaching to �avin adenine dinucleotide (FAD), the redox active centre of several
oxidase enzymes [12–13].

Sensitivity and selectivity of uric acid detection using uricase enzyme. uricase-Horseradish peroxidase
enzyme immobilized onto ZnONFs/ITO electrode to fabricate uric acid biosensor. fabricated uric acid
biosensor constructed with metal oxide nanomaterial to improve the sensitivity of bioelectrode with the
help of enhanced surface to volume ratio of electrode [14]. Uricase enzymes used for detection of uric
acid help to catalyse the oxidation reaction of uric acid and breakdown into Allantoin and H2O2 to
produce electrons for sensitivity [15]. fabricated uric acid detection is mediator free [16]. This uric acid
biosensor is based on electrochemical reactions occurring onto working electrodes. electrochemical
signal produced from electron conductivity present in the buffer solution and process the electrochemical
reactions. peak current variation depends on the concentration of uric acid [17–18]. in other testing
practice of uric acid demands �rstly collection of blood from patient and after collection unwillingly
proceed it for segregation after following these procedure results take time at least 1–2 days but in
biosensors for uric acid detection no need to follow this procedure basically this is a point of care (POC)
technique. Biosensors not only detect only one analyte but are also able to detect different types of
analytes such as, glucose, cholesterol, urea, uric acid etc [19]. In recent technologies there are several
techniques developed to measure the concentration of uric acid in biological �uids. but biosensors are a
unique and precise technique to detect uric acid concentration in biological �uids. This technique is cost
effective, user friendly, accurate, precise, in POC grade, detection in wide range, real time detection, and
gives results within a minute. For the fabrication of uric acid biosensors, there are several steps to be
followed. In biosensors sensitivity is the main result to be measured that depends upon conductivity of
bioelectrode. This bioelectrode has nanomaterial structures deposited on it. For this conductive nature
many different metals, metal oxides, and carbon-based materials could be used in nanoform. metal oxide
such as, TiO, MnO, MnO2, SnO2 etc [20–22]. Carbon based materials could be used such as CNT, carbon
sheets, graphene, Graphene oxide, Reduced graphene oxides etc [23–24]. This work is focused on the
fabrication of uric acid biosensors using the nano�owers of ZnO. ZnO in nano form is highly remarkable
materials because of speci�c properties such as, wide band gap (3.32 ev), semiconductor in nature, high
isoelectric point (IEP) 9.5. ZnO exhibits high IEP value which directly gets attached with low IEP value of
Uricase enzyme (4.5) results in strong physical bonding formation taking place between nanomaterial
and enzyme that enhance the stability of the biosensor. Hydrothermal processes have been used to
synthesize nano�ower and deposited onto indium-tin-oxide (ITO) surface using electrophoretic deposition
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technique under the optimized applied voltage. Uricase-HRP enzyme was immobilized over the deposited
ZnONFs electrode and electrochemical biosensing studies were performed with various concentrations of
uric acid using the electrochemical analyzer. Electrochemical biosensor works in the range of 0.005 to 1.0
mg/mL concentration with sensitivity in the present work, ZnONFs based electrochemical biosensor is
able to detect the uric acid concentration in the range of 0.005 to 1.0 mg/mL with sensitivity10.38 µA/
mg/mL /cm2 and limit of detection (LOD) as of 0.13 mg/mL in buffer solution.

Experiments
Reagents and Materials

Uricase (Urate Oxidase, EC 1.7.3.3 from Bacillus fastidious, 9U/mg), Horseradish Peroxide (HRP), Uric
acid (2,6,8-hydroxypurine, monosodium salt) from Sigma Chemical Co. St. Louis, Mo. Zinc Acetate
(C4H6O4Zn) Sodium hydroxide (NaOH), all utilized chemicals used from Sigma Aldrich without further
puri�cation. Potassium Ferrocyanide (K4[Fe (CN)6]), Potassium Ferricyanide (K3[Fe (CN)6]), Sodium-
Dihydrogen phosphate (NaH2PO4), Sodium Mono-Hydrogen Phosphate (Na2HPO4), Aqueous solutions
and buffers were prepared in Milli-Q water (18 MΩcm), Urea, Cholesterol, Ascorbic acid and Glucose.  

Synthesis of Zinc Oxide Nano�owers

Hydrothermal process is a promising method to synthesize nanostructures with controlled shape and
size. Here, ZnONFs were synthesized using a low temperature method. In brief, a solution of 0.1M
concentration of Zinc acetate (C4H6O4Zn) and base Sodium hydroxide (NaOH) was prepared in 50 mL of
deionized water. Thereafter, this solution was transferred into a Te�on seal tube and placed in a furnace
at 80°C for 18h. After this the tube kept at room temperature to cool down and the synthesized material
was washed with ethanol and Deionised water several times at 3000 rpm. After separating out
precipitate, it was further incubated in a preheated incubator at 60° for 24 h to obtain Zinc Oxide powder. 

Instruments

The ZnONFs were characterized using various techniques, such as UV-visible spectrophotometer
(Lambda 950, PerkinElmer), Fourier Transform Infrared (FT-IR) spectroscopy (Spectrum BX, PerkinElmer)
and X-Ray Diffractometer (Cu Kα radiation, Rigaku, JAPAN). Morphological investigations of ZnONFs
have been studied using Scanning Electron Microscope (SEM) (SEM, LEO 440), High Resolution
Transmission Electron Microscope (HR-TEM, Tecnai-G2F30 STWIN). Sensing measurements were
recorded using (Autolab/Galvanostat/Potentiostat Eco Chemie, the Netherlands, model AUT 84275) in
Phosphate-Buffer Saline (PBS, 50 mg/mL, 0.9% NaCl, pH 7.4) containing 5 mg/mL [Fe (CN)6]3-/4- (redox
species) utilized three electrode system, in this Ag/AgCl as Reference electrode and Platinum (Pt) as the
Counter electrode at about 25 °C. 

Synthesized ZnONFs deposition on ITO surface by Electrophoretic Deposition Technique
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Before deposition of ZnONFs material over Indium Tin Oxide (ITO) substrate, �rst, ITO glass electrodes
(Size:1 cm x 2 cm) were hydrolysed in solution containing 5:1:1v/v solution of water/H2O2/NH3,
respectively. Dipped ITO solution was placed in incubator at 70C for 30 minutes. Then, cleaned ITO were
rinsed with distilled water and placed at room temperature. Further, two-electrode system having ITO as a
working electrode and platinum as a reference electrode was used to deposit the synthesized ZnONFs
onto ITO electrode under the applied voltage. Both dipped in ZnONFs powder solution dispersed in
deionized water and deposited ZnONFs onto ITO electrode applying 8-11ev voltage. This ZnONFs/ITO
electrode is further immobilized using Uricase-HRP enzyme to get Uricase-HRP/ZnONFs/ITO as a bio-
electrode for uric acid sensing applications. [Figure.1] shows the schematic representation of
electrophoretic deposition of ZnONFs onto ITO glass electrodes following fabrication of Uricase-
HRP/ZnONFs/ITO bio-electrodes and its electrochemical response.

Fabrication of Uricase-HRP enzyme bio-electrode by physical adsorption

The Uricase-HRP/ZnONFs/ITO bio-electrode was constructed by a physical adsorption process. Firstly,
the stock solution of Uricase-HRP enzyme (1mg/ml) has been prepared in a solution of tris-HCl buffer
(1M) and HRP oxidase (0.5 mg/ml), Further (0.16 U/6μL) Uricase enzyme and 10µl of HRP drop casted
onto ZnONFs/ITO electrodes. Thereafter, Uricase-HRP enzymes immobilized onto ZnONFs/ITO to
construct Uricase-HRP/ZnONFs/ITO bio- electrodes into a   high humid chamber for 3-4 h and then dried
at room temperature. Finally, prepared Uricase-HRP/ZnONFs/ITO bio electrodes have been stored in the
refrigerator at 0.4℃ to be used further.

Results And Discussion
UV-Visible spectroscopy study

UV-Visible spectrophotometer has been utilized in the range of 250 to 850 nm using quartz cuvette for the
optical study for synthesized ZnONFs. In [Figure. 2(a)] UV-Visible absorption peak observed at 370 nm for
ZnONFs. This absorption peak indicates the presence of n-Π* antibonding due to the presence of lone
pairs electrons of oxygen atom. This shift corresponds to the structure of ZnONFs. The energy band gap
has been calculated and found to be 3.35eV indicates the formation of nanostructure [25].

Fourier-Transform Infrared spectroscopy study

The presence of functional groups in ZnONFs structure has been con�rmed by FT-IR spectrophotometer.
The characteristic peak of Zinc Oxide has been observed in [Figure 2(b)] which lies in the range of 400-
550 cm-1 that con�rms the bonding of Zn-O. The peaks appeared at 1410 cm -1 and 1575 cm -1 attributed
to the C=O stretching vibrations and peak observed at 3050 cm -1 corresponds to the O-H stretching
vibrations [26]. after the immobilization of uricase enzyme peaks appeared at around 3504 cm-1, 2350
cm-1 corresponding to C=O stretching vibrations and O=H stretching respectively [27]. peaks appeared at
1558 cm-1 and 1649 cm-1 correspond to primary and secondary linkage of amide groups present in the
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uricase enzyme. Peak absorbed at 511 cm-1 slightly shifted from 462 cm-1 con�rms the presence of
Uricase enzyme onto ZnONFs/ITO electrode. All additional peaks observed in [�gure 2 (b 1)] con�rm the
immobilization of uricase enzyme and fabrication of Uricase-HRP/ZnONFs/ITO bio-electrode for sensing
[28].

X Ray Diffraction pattern analysis

A typical X-ray diffractometer (RigakuMini�ex, JAPAN) source copper target 30 kV and 15 mA were used
with a scan rate of 3˚/min. X-Ray diffraction patterns depicted in [Figure 2 (c)] have 2θ (20 to 80) Fine
and sharp peaks are observed at nine different positions in XRD crystallographic patterns corresponding
to (100), (002), (101), (102), (110), (103), (200), (112), and (201) crystal faces. Observed peaks in this
data well matched the certi�ed XRD pattern of ZnO with (JCPDS Card No. 89-1397), this JCPDS card
information revealed that synthesized ZnONFs is in Hexagonal Wurtzite form with crystalline in nature.
The crystallite size of ZnONFs has been calculated to be 17nm. No peaks observed from impurities,
which indicates that the product is pure [29].

Raman studies           

Raman spectrum was recorded in the range from 100 cm-1 to 1000 cm-1 Raman shift. The Raman
spectrum of ZnONFs is depicted in [Figure 2 (d)], revealing. the formation of crystallographic ZnONFs.
Raman scattering reveals that ZnONFs have hexagonal structure with C46v space group. Symmetry of
ZnONFs structure shows that vibrations are Raman active in other possibilities for other factors such as
lattice spacing, and the chemical environment determines the place of vibrational frequencies. Sharp and
strong peak at 438 cm-1 of optical photon E2h mode reveals that this structure has a good crystalline

structure [30]. Peak at 99 cm-1 corresponds to E2L low intensity mode that indicates this structure has
some crystallite defects also [31].

Morphology Studies

Morphological studies of ZnONFs have been measured with SEM technique and results shown in [Figure
4].  The well-dispersed and uniform formation of surface indicated that it successfully deposited ZnONFs
onto ITO electrodes. SEM images clearly demonstrated the presence of �ower shaped nanoparticles [32].

Microscopic studies

Microscopic study of synthesized material is helpful to identify shape and size of nanomaterial. The
High-Resolution Transmission Electron Microscope (HRTEM) images as shown in [Figure 3],
demonstrates the information of interplanar distances by fringes image, structure, shape, and size of
synthesized ZnONFs. These pictures indicate that irregular structure of ZnONFs consisting of simple
needle �owers, have interplanar spacing (d) about 0.22nm for (100) planes. These results revealed that
ZnO exhibits hexagonal structure. and size found to be 2.6 nm [33].
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Electrochemical studies

The electrochemical studies of the fabricated electrode and bioelectrode has been performed using the
cyclic voltammetry technique in a three-electrode system of Ag/AgCl as a reference electrode and
platinum as a counter electrode in PBS, pH 7.4 (50 mg/mL, 0.9% NaCl) containing 5 mg/mL [Fe (CN)6

]3-/4- at about 25°C at scan rate (v) of 50 mV/s. The cyclic voltammograms of the ITO electrodes were
measured before and after surface modi�cation with ZnONFs and Uricase-HRP subsequently as shown in
[Figure. 5(a)]. It has been found that bare ITO electrode shows (ipa) oxidation peak current & (ipc)
reduction peak current values at 490 µA & -403.9 µA respectively. The increase in peak current values has
been found after the deposition of ZnONFs onto ITO electrodes as 736µA, -522.8 µA respectively. This
increment in the values is due to the potential of ZnONFs nanomaterials. After the immobilization of
enzymes over the ZnONFs/ITO electrode, current value found to be decreased as 621 µA, -620.9 µA
respectively. This happens due to the immobilization of heavy biomolecules of Uricase-HRP enzyme onto
ZnONFs/ITO electrodes. In other cases, this reading can also reveal that the biomolecule behaves as an
insulator for sensing. Uric acid biosensor with different concentrations (0.005-0.75 mg/mL). Uricase-HRP
enzyme (0.16 U/6µl) has been used for the oxidation of uric acid (C5H4N4O3) into allantoin (C4H6N4O3)
and H2O2. 

Redox reaction occurs in PBS buffer solution onto Uricase-HRP/ZnONFs/ITO bio-electrodes.

Cyclic voltammetry response of Uricase-HRP/ZnONFs/ITO bio-electrodes obtained at scan rates from 10
to 100 mV/s and recorded curve is shown in [Fig.1(S)]. The CV curves revealed that Ipa and Ipc increased
in both directions simultaneously by varying the scan rate values. Peak current ratio of Uricase-
HRP/ZnONFs/ITO bio-electrode (Ia/Ic) found to be 1, which indicates the quasi-reversible behaviour of
redox species. Inset image in [Figure.1(S)], shows the redox current response of Uricase-
HRP/ZnONFs/ITO bio-electrode plotted with respect to square root of scan rate. Anodic and cathodic
peak current established with the help of given Equation 3 and 4 (Karimi-Maleh H.et al).

Iac= -35.69μA+67.44   10-6 (A2mVs-1)1/2 [scan rate (mVs-1)]1/2; R2 = 0.995               (3)

Icc= -16.13μA-54.60   10-6 (A2mVs-1)1/2 [scan rate (mVs-1)]1/2; R2 = 0.991                (4)

In the Randles-Sevcik equation, current peak intensity mainly depends upon two factors, �rst is the
working electrode active surface area and second is the concentration of electro-active species which
effectively contributes to the performance of biosensor. The value of diffusion coe�cient (D) has been
calculated using the Randles-Sevcik equation (Equation no. 5) 

Ip= 2.69×105 n3/2 AD1/2V1/2 C                                                                       (5)                                                        

In this equation, Ip stands for peak current (μA), n stands for number of electrons, C stands for conc. of
redox species (5 mg/mL), D stands for diffusion coe�cient, A stands for area of working electrodes, V
stands for scan rate (50 mV/s). The calculated diffusion coe�cient (D) values for ITO electrode,
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ZnONFs/ITO electrode and for Uricase-HRP/ZnONFs/ITO electrode are found to be 5.5x10-2cm2 s-1,
3.6x10-2 cm2 s-1, and 4.3x10-2 cm2 s-1 respectively. The high value of diffusion coe�cient for ITO
electrode than ZnONFs/ITO electrode indicates higher electron diffusion kinetics due to the presence of
nanomaterial deposited onto ITO electrode in case of ZnONFs/ITO and this coating of nanomaterial
improved the electron activity, surface to volume ratio, and kinetics of the reaction performed in the redox
solution with the variation concentration of analyte. But after immobilization of Uricase-HRP enzyme over
ZnONFs/ITO electrode, the diffusion coe�cient value 4.3x10-2cm2 s-1 found slightly lower as compared
to ZnONFs/ITO electrode. It is because Uricase-HRP enzyme reduces the electron activity of material onto
the bio-electrode surface because it behaves as a non-conducting layer and promotes the hindrance in
the electron transfer process. 

The surface concentration of ZnONFs/ITO electrode and Uricase-HRP/ZnONFs/ITO bio-electrode has
been calculated using Brown Anson equation. Eq. no.6

Ip = n2 F2 I* AV/4RT                                             (6)

Where, F is the Faraday constant (96,548 C mol-1), n is the no. of electrons transferred in redox reaction, I*
stands for surface concentration of ZnONFs/ITO electrode and Uricase-HRP/ZnONFs/ITO bio-electrodes,
A is the surface area of the electrode (cm2), V is the scan rate (50 mV/s), R is the gas constant (8.314
J/(mol/k)), T is the absolute temperature (298 k).

By using Brown-Anson model equation I* value of ITO electrode, ZnONFs/ITO, Uricase-HRP/ZnONFs/ITO
electrode found to be 424.02x10-9 mol/cm2, 636.9x10-9 mol/cm2, 537.3x10-9 mol/cm2 respectively, The I*
ZnONFs /ITO electrode has been found to be higher than ITO electrode reveals the improvement in the
surface to volume ratio, provide easier path for electron transportation, and enhance current e�ciency.
But in case of Uricase-HRP/ZnONFs/ITO electrode, the I* value is slightly decreased due to presence of
heavy bio molecules onto the surface matrix. These heavy molecules restrict the electron interaction and
create hindrance in electron transportation [34].

Electrochemical biosensing study of uric acid 

The biosensing response of the fabricated bioelectrodes have been recorded with various uric acid
concentrations in the range of 0.005 to 0.75 mg/mL and curve response is depicted in [Figure. 5(b)]. It
has been found that the current response is increased as by increasing the concentration of uric acid
indicates the binding between enzyme and uric acid due to the increasing rate of H2O2 molecule, which
increases the transfer number of electrons during the reaction process. The calibration curve has been
plotted and depicted in [Figure. 6] shows that linear increment in the current value with increasing the
concentration of uric acid in the range of (0.005-0.75 mg/mL) in PBS buffer solution indicates linear
behaviour of the biosensor. 

Ip = 753.38 μA + 10.369 μA/ mg/mL /cm2 × concentration (mg/mL); R2 = 0.98                              (7)
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LOD = 3σ /m                                                                                                                    (8)

Where σ is the standard deviation of blank solutions, m is the slope of the calibration curve.

The fabricated bioelectrode Uricase-HRP/ZnONFs/ITO bio-electrode shows sensitivity of 10.38
μA/mg/mL/cm2 and theoretical LOD value (found to be 0.13 mg/mL) and experimental value of (0.005
mg/mL) which has been calculated by using Eq. no. 8.  The value of sensitivity and LOD of Uricase-
HRP/ZnONFs/ITO bio-electrode found in exceedingly high range because of some speci�c reasons such
as, deposition of ZnONFs onto ITO electrodes that has improved the electron conductivity, electron
a�nity, electroactivity, surface to volume ratio of ZnONFs/ITO electrodes.  In case of ferri-ferro buffer
solution Fe+ reduced via heterogeneous electron transfer from fabricated bio-electrode. This fabricated
Uricase-HRP/ZnONFs/ITO bio-electrode behaves as an electrical conductor and Pt electrode behaves as a
potentiated (can control the energy of the electron initiated from bio-electrode). Due to the enhancement
of electron conductivity from Uricase-HRP/ZnONFs/ITO bio-electrode, peak current found a slightly higher
range in comparison to ITO electrodes. Enzyme immobilization process also plays a major role in
detection of uric acid. Uricase-HRP enzyme is immobilized onto a material electrode surface followed by
a drop casting process. Basically, Uricase-HRP enzymes help to oxidise uric acid into allantoin, CO2, and
H2O2. In the second process H2O2 releases electrons, these electrons initiate conductivity and give peak
current after applying voltage. Electron conductivity increased with the concentration of uric acid in buffer
solution.  

Interference studies

Uric acid biosensor helps to regulate the concentration of uric acid in human blood serum, but in the
human blood serum there are several other analytes present. Some of these analytes can interfere in this
speci�c detection of uric acid. To analyse the interference study, in [Figure.2(S)] different analytes have
been used to detect, such as Urea (2 mg/mL), Ascorbic acid (3.8 mg/mL), Glucose (5 mg/mL) and
Cholesterol (3.8 mg/mL) were used.    

% interference = [ IFD- Iint]   100 / IFD                                                                            (9)  

By using Eq. no. 9, the calculated value of interference with analyte found to be exceptionally low (less
than 1) so this value is completely negligible. This proves that Uricase-HRP/ZnONFs/ITO bio-electrode is
speci�c and selective for detection of uric acid in human blood serum. This proves that Uricase-
HRP/ZnONFs/ITO biosensor can detect only uric acid in the human blood serum apart from the other
analytes present in serum such as glucose, cholesterol etc.  

Table 1 represented the performance of the fabricated uric acid biosensors in comparison to the earlier
reported uric acid biosensors. Detection range and detection limit of Uricase-HRP/ZnONFs/ITO bio-
electrode as reported in this paper is wider and higher than the other reported uric acid biosensors. 

Table 1. Comparison of several fabricated biosensors and its activity with present work
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Matrix Sensitivity Detection
range

LOD Reference

 

Uricase/AuNPs/MWCNTs/Au

 

0.44 mA mM−1

 

0.01–0.8 mM

 

0.01 mM

[6]

 

UOx/Fc/Cu2O/GCE

 

1.900 μA- mM-1

cm−2

 

0.01–1 mM

 

0.0596
μM

[35]

 

Uricase/ZnONRs

 

0.1054 µA/mM

 

5 µM-3 mM 

- [11]

 

Naf/UOx/Fc/GCE

 

1.78 μA/μM

 

500nM-
600μM

 

230 nM

[36]

 

Na�on/ZnOQDs/Uricase

 

4.0 µA/mM.cm-2 

 

1mM-10mM 

 

22.97
µM 

 

[7]

Butylamine capped spherical CZTS
nanoparticles 

1.838μA /
μM/cm2

0-700 μM 0.066 μM [8]

CNF-RGO 0.14 μA/μM  

100-700 μM

- [37]

 

Graphene/Pt-GCE

 

0.41μA/μM

 

0.05-11.85
μM

- [38]

 

Bacillus uricase/ PANI/MWCNT/ITO
electrode

-  

 0.005–0.6
mM

 

0.005mM

[1]

 

Uricase-HRP/ZnONFs/ITO bio-
electrode

 

10.38 μA
/mg/mL/ cm2

 

0.005-0.75
mg/mL

 

0.13
mg/mL

 

This
work 

Conclusion
In summary, we have fabricated a sensitive and selective uric acid biosensor ZnONFs. The ZnONFs helps
to detect low concentration of uric acid because of its improved surface-to-volume ratio, enhanced electro
catalytic properties and improved electrical redox behaviour. The Uricase-HRP/ZnONFs/ITO bio-electrode
based biosensor helps to detect the uric acid concentration from 0.005 to 1.0 mM, exhibiting LOD
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(0.13mM) in a redox probe. This biosensor shows high selective and speci�city with high sensitivity of
10.38 µA/mM/cm2.
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Figures

Figure 1

Schematic representation of fabrication of UOx/ZnONFs/ITO bio-electrode for uric acid detection using
electrophoretic deposition ZnONFs/ITO electrode
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Figure 2

(a) UV-Visible spectra of ZnONFs, (b) FT-IR spectra of ZnONFs pellet, (c) X-ray diffraction pattern of
ZnONFs powder, (d) Raman spectra of ZnONFs powder
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Figure 3

Transmission Electron Microscopy (TEM) images of ZnONFs

Figure 4

Scanning Electron Microscopic (SEM) images of ZnONFs/ITO electrode
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Figure 5

(a) Cyclic Voltammetry response of (i) ITO, (ii) ZnONFs/ITO electrode and (iii) Uricase-HRP/ZnONFs/ITO
bio-electrodes conducted in 50 mM PBS (pH 7.4) containing 5 mM [Fe (CN)6]3-/4- redox species, (b)
Cyclic voltammetry response of Uricase-HRP/ZnONFs/ITO bio-electrode with uric acid concentrations
(0.005-0.75 mM) conducted in 50 mM PBS (pH 7.4) containing 5 mM [Fe (CN)6]3-/4- redox species
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Figure 6

Calibration plot of current response with the function of analyte concentration ranging (0.005-0.75
mg/mL) conducted in 50 mg/mL PBS (pH 7.4) containing 5 mg/mL [Fe (CN)6]3-/4- redox species.
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