
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
A

pr
il 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
24

/2
02

5 
9:

38
:3

7 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
A novel non-enz
aResearch Center for Applied Microbiology, N

Republic of Indonesia, Bandung, Indonesia.
bChemical Engineering Department, Faculty

Jakarta Raya, Jl. Harsono RM No. 67, Jakar

ubharajaya.ac.id
cAnalytical Chemistry Research Group,

Indonesia. E-mail: setiyanto@itb.ac.id

Cite this: RSC Adv., 2023, 13, 12654

Received 23rd February 2023
Accepted 11th April 2023

DOI: 10.1039/d3ra01214j

rsc.li/rsc-advances

12654 | RSC Adv., 2023, 13, 12654–12
ymatic electrochemical uric acid
sensingmethod based on nanohydroxyapatite from
eggshell biowaste immobilized on a zinc oxide
nanoparticle modified activated carbon electrode
(Hap-Esb/ZnONPs/ACE)

Retno Wulandari, *ab Ardi Ardiansyah,a Henry Setiyanto c

and Vienna Saraswaty *a

Hydroxyapatite-derived eggshell biowaste (Hap-Esb) has been fabricated and developed for the

electrochemical detection of uric acid (UA). The physicochemical characteristics of the Hap-Esb and

modified electrodes were evaluated using a scanning electron microscope and X-ray Diffraction analysis.

Utilized as UA sensors, the electrochemical behavior of modified electrodes (Hap-Esb/ZnONPs/ACE) was

assessed using cyclic voltammetry (CV). The superior peak current response observed for the oxidation

of UA at Hap-Esb/ZnONPs/ACE, which was 13 times higher than that of the Hap-Esb/activated carbon

electrode (Hap-Esb/ACE) is attributed to the simple immobilization of Hap-Esb on zinc oxide

nanoparticle-modified ACE. The UA sensor exhibited a linear range at 0.01 to 1 mM, low detection limit

(0.0086 mM), and excellent stability, which surpass the existing Hap-based electrodes reported in the

literature. The facile UA sensor subsequently realized is also advantaged by its simplicity, repeatability,

reproducibility, and low cost, applicable for real sample analysis (human urine sample).
Introduction

In the current eld of disease diagnosis and treatment, there is
a necessity to create a device that can identify, trace, and
quantify the metabolites of several important biochemical
processes in the human body for a fast, straight forward, and
accurate diagnosis of a variety of disorders. Uric acid (UA) and
its derivatives are required for biological activity in the human
body. UA is a natural antioxidant and by product of purine
metabolism.1,2 Excess UA concentration is associated with
a number of diseases including gout, cardiovascular,3 hyper-
uricemia,4 and type II diabetes.5 Meanwhile, a lower amount of
UA than its typical range may reect an earlier stage of Par-
kinson's, Alzheimer's, or multiple sclerosis disease.6,7 There-
fore, a device that can monitor UA has become important.

Several analysis methods, including high performance liquid
chromatography,8,9 chemiluminescence analysis,10 spectropho-
tometry,11 and electrochemical analysis, have been used for UA
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analysis.12,13 Among them, electrochemical analysis has received
more attention because of its fast, reliable, and accurate
results.14–18 To date, most electrochemical UA sensing is enzy-
matic. This is because the UAmolecules can react with a specic
enzyme, uricase, resulting in good selectivity in the detection of
UA.19,20 However, enzymatic sensing has several limitations, for
example, the enzyme must be placed at a specic temperature
(typically at 3–4 °C), have a short lifetime, and must be packed
properly.21,22

Studies have proposed applying hydroxyapatite (Hap) as
a non-enzymatic sensor for electrochemical detection of UA.23–25

Hap is a calcium phosphate compound with the chemical
formula Ca10(PO4)6(OH)2. It can be synthesized by various
techniques, including deposition, hydrolysis, hydrothermal
synthesis, and/or extraction from natural resources, for
example, eggshells, seashells, shrimp shells, bovine bones, and
sh bones.26–28 Because of the high demand for eggs in food
production, there is an abundance of eggshell biowaste (Esb).
An eggshell is structurally composed of three layers: the cuticle,
the spongy layer, and the lamellar layer.29,30 The spongeous and
lamellar layers resemble a matrix of protein bers tied to the
calcium carbonate (calcite) crystal at a ratio of 1 : 50. The calcite
content of an eggshell is approximately ∼94% wt, making it
a good candidate for valorizing into Hap and using as UA
sensing for electrochemical detection.23,31,32
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a) Chemical structures of hydroxyapatite (Hap-Esb) and urate
ions. (b) And proposed Hap-Esb/UA complexes.
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The chemical structure of Hap and urate ions is presented in
Fig. 1(a). As shown, the Hap has positive charges from Ca ions,
while urate ions are negatively charged. Therefore, it is assumed
that urate ions can be adsorbed onto the positively charged
molecule of Hap, forming the Hap-UA complex (see Fig. 1(b)).
However, as can be seen, in the Hap chemical structure, the
negatively charged ions that are from the hydroxyl group (OH–)
are also present. The (OH–) ions appear to play a signicant role
in electrochemistry thereby increasing the current response
(reduction).32–37 Therefore, Hap could be used for the detection
of UA with further modication of the electrode surface by
applying a semiconductor material to improve the current
response.

Among various metal oxides, zinc oxide (ZnO) is a very
promising semiconductor material.38 This is because ZnO has
high electrocatalytic activity that facilitates better electron
transport.16,39–44 The high isoelectric point of ZnO doubtless
enables the improvement absorption of analytes, result in
a greater current response.45–49 More importantly, ZnO is an
environmentally friendly, cheap, highly stable material (both
physically and chemically), biocompatible, and non toxic
material.47,50,51 For the aforementioned reasons, we are inter-
ested in applying ZnO to modify our sensing.

In general, Hap can easily combine with the carbon family.
Activated carbon, carbon nanotubes, and graphene are known
for providing improved performance as supercapacitor
electrodes.52–54 Activated carbon (AC) is frequently used as an
electrode in the production of supercapacitors because AC has
numerous advantages including inexpensive, easy to nd, has
a high porosity and highly scalable.55–57 As a result, in this
© 2023 The Author(s). Published by the Royal Society of Chemistry
present work, we further modify the Hap-Esb with ZnO nano-
particles and AC to create a non-enzymatic UA sensing system.
The structure and surface morphology of the as synthesized
Hap was characterized by scanning electron microscopy (SEM)
and X-ray diffraction (XRD). While the performance of our
proposed sensor in UA detection was evaluated by cyclic vol-
tammetry (CV). In order to provide a feasibility study, we also
observed the CV proles of the urine sample as the real sample
analysis.

Experimental section
Materials and instruments

Eggshell biowastes (Esb) were collected from the food waste
located in Bandung City, Indonesia. Activated carbon, ZnONPs
used were from the previous work. KH2PO4 ($99.995%), and
K2HPO4 ($99.99%) are from Merck (Germany) with a pro
analytical grade. Ultrapure water was prepared by a Module E-
pure D4642-33 instrument (Barnstead) with a resistivity $18
MU.

The surface morphology of Hap-Esb, as well as electrode
surface modication were observed using scanning electron
microscopy (SEM; JEOL JSM IT300, Japan). The formation of
Hap-Esb and the size of its crystallites were assessed using X-ray
diffraction (XRD) patterns obtained with the D-8 Advance
(Bruker) instrument. The Autolab PGSTAT101 Metrohm was
used to record the electrochemical measurement.

CaO extraction and synthesis of Hap-Esb

In this investigation, the Esb were collected from a local market
located (Bandung City, West Java, Indonesia) and rinsed
repeatedly with tap water to remove impurities and dried under
the sun. Aer drying, the clean Esb was crushed into coarse
powder and then sieved with a 100-mesh size. The Esb powder
was then transferred into a crucible to be calcinated at 1000 °C
for 5 h in a furnace. Later, for the synthesis of Hap-Esb, about
21.23 g of CaO from Esb was dispersed in 500 mL of ultrapure
water. Following that, 0.6 M H3PO4 was added to the solution at
a ow rate of 6 mL min−1 until the ratio reached 1 : 1. The
suspension was heated for 1 h, at 60 °C. The pH of the solution
was adjusted to pH 10 by adding 25% v/v ammonia. Then the
suspension was sonicated for 1 h (40 kHz) and kept at room
temperature (RT) for overnight. Subsequently, the ltrate was
separated by centrifugation (3000 rpm, 15 min). The precipi-
tates were then collected and dried overnight in an oven at 105 °
C. The dried precipitates were transferred to a crucible and
calcined at 1000 °C for 5 hours. The as-synthesized Hap-Esb
powders were then collected and characterized by SEM and
XRD.

Preparation of bare and modied electrodes

Bare activated carbon electrode (ACE) was prepared by grinding
0.5 g of AC powder in a mortar with 100 mL paraffin oil for 30
minutes until a homogeneous paste was formed. Then the paste
was packed into a capillary tube. A cooper wire was inserted into
the capillary tube for electrical contact. The Hap-Esb/ZnO/ACE
RSC Adv., 2023, 13, 12654–12662 | 12655
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Fig. 2 Schematic preparation of the Hap-Esb/ZnONPs/ACE.
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and Hap-Esb/ACE were prepared by a simple immobilization of
the as-synthesized ZnONPs58 and Hap on the surface of ACE.
The schematic preparation of Hap-Esb/ZnO NPs/ACE is pre-
sented in Fig. 2.
Fig. 3 XRD pattern of (a) Hap (JCPDS card no. 9-432); (b) products
Hap from eggshell obtained by precipitation method.
Electrochemical measurements

A computerized potentiostat instrument (PGSTAT101 Metrohm,
AutoLab) was linked to a computer equipped with soware,
NOVA 1.11 with a three-electrode cell (30 mL capacity) was
employed for electrochemical measurement. A Pt-wire electrode
(CE) (6.0301.100 Metrohm, AutoLab) and an Ag/AgCl reference
electrode (RE) (6.0729.100 Metrohm, AutoLab) and the working
electrode (WE) Hap-Esb/ZnONPs/ACE were used.

The cyclic voltammetry technique was used to study the
electrochemical behavior as well as to evaluated the perfor-
mance of the developed electrode using UA standard solutions
and a healthy human urine sample for real sample analysis. The
potentials window of −1.5 V to 1.8 V and a scan rate of 100 mV
s−1 was employed. The UA standard solutions were prepared in
0.1 M phosphate buffer solution (PBS) pH 8, with various
concentrations (0.01–1 mM). The sensor performance was also
evaluated in the presence of interfering compounds that are
ascorbic acid, glucose and tyrosine to conrm the selectivity in
UA detection.
Results and discussion
Characterization of Hap-Esb

CaO was extracted from Esb by calcining the Esb for 5 hours at
1000 °C. High temperatures will decompose and eliminate the
spongeous and lamellar matrix that are not thermally stable
and are linked with the calcite from the eggshell.59,60 And the
calcite from the Esb will be transformed into CaO in accordance
with the reaction eqn (1).

CaCO3 / CO2 + CaO (1)

The Hap-Esb was synthesized by mixing the CaO from Esb
with a 0.6 M H3PO4 solution, followed by calcination at 1000 °C
12656 | RSC Adv., 2023, 13, 12654–12662
for 5 h. The heating stage is very important for the formation of
Hap-Esb. The use of higher temperature, the more Hap
produced.61 To conrm the formation of Hap from Esb (Hap-
Esb), the XRD analysis was employed. The X-ray diffraction
(XRD) pattern of the as-synthesized Hap-Esb was displayed in
Fig. 3. The as-synthesized Hap-Esb clearly showed intense peaks
at 2q values of 10.84, 16.99, 21.85, 22.84, 25.84, 27.82, 28.91,
31.75, 32.16, 32.88, 34.03, 35.59, 38.53, 40.41, 41.96, 46.80,
49.44, 49.58, and 52.05 are assigned to (100), (101), (200), (111),
(002), (102), (210), (211), (112), (300), (202), (301), (220), (310),
(131), (113), (222), (213), and (322) planes respectively, matching
with Hap JCPDS pattern of 9-432 (ref. 62) (see Fig. 3(a)). Next, the
crystallite sizes of Hap-Esb were calculated using the Debye
Scherer formula (see eqn (2)),

D ¼ 0:9l

b cos q
(2)

where ‘D’ is denotes for the crystallite size, l is the X-ray wave-
length (1.54178 Å), ‘b’ is the full width half maximum (FWHM)
of the peak, and ‘2q’ is the Bragg angle.63 The calculation of
crystallite sizes from Hap-Esb was tabulated in Table 1. As
presented, the calculated crystallite size of Hap-Esb was found
in the range of ∼48 to ∼107 nm. And the average of Hap-Esb
crystallite sizes was ∼78 nm. The XRD analysis suggests that
the as-synthesized Hap-Esb are nanoparticles.

Fig. 4(a) shows an SEM image of as-synthesised Hap-Esb. As
shown at 5000× magnication, the as-synthesized Hap-Esb
were found in a mixture of coral shapes constructed with
hexagonal rods and square tile-like shapes.64,65 Additionally, the
Hap-Esb particles were found to agglomerate. The surface
morphology of the modied ACE with ZnONPs is presented in
Fig. 4(b). The ZnO NPs were indicated with white dots. From
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Calculation of crystallite size of Hap from eggshell

2 theta position
Crystallite
size (nm)

10.84 48.89
16.99 65.65
21.85 66.12
22.84 99.31
25.84 66.61
27.82 100.29
28.91 67.05
31.75 67.50
32.16 101.31
32.88 101.50
34.03 101.80
35.59 51.12
38.53 103.12
40.41 103.73
41.96 52.13
46.80 70.74
49.44 107.17
49.58 53.61
52.05 72.75
Average 78.97

Fig. 4 SEM images of (a) Hap synthesis from eggshell (Hap-Esb); (b)
ZnONPs/ACE; (c) Hap-Esb/ZnONPs/ACE before used; (d) Hap-Esb/
ZnONPs/ACE after used at 5000× magnification.

Fig. 5 (a). The CV voltammogram and (b) histogram of peak current
response of the bare, Hap-Esb, ZnONPs/Hap-Esb/ACE and Hap-Esb/
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Fig. 4(b), it can be seen that the ZnO NPs are successfully
attached to the surface of ACE and well dispersed. The surface
morphology of Hap-Esb/ZnONPs/ACE is depicted in Fig. 4(c). As
shown, white and cloudy particles are submicron in size and
connected one to another, indicating an agglomeration of Hap-
Esb particles.33,66–68 There are several factors that can cause
agglomeration are (1) shear forces between particles, (2) initial
density, (3) moisture, (4) sintering temperature, and (5) particle
size.69–72 In this work, the synthesis procedure of Hap-Esb and
the preparation of the developed electrode include grinding,
wetting, and drying processes, possibly causing the agglomer-
ation. The inuence of particle size in agglomeration is
© 2023 The Author(s). Published by the Royal Society of Chemistry
emphasized by the calculation of Hap-Esb crystallite size by the
Debye–Scherer equation, which suggests that the Hap-Esb are
nanoparticles. Undoubtedly, they tend to agglomerate.63,71

Fig. 4(d) shows the surface morphology of Hap-Esb/ZnONPs/
ACE aer measurement. As shown, the Hap-Esb particles are
detached from the ZnONPs-ACE surface, suggesting an insta-
bility issue aer measurement.

Cyclic voltammetry (CV) behavior of the modied electrode
toward UA response

CV technique was applied to study the electrochemical behavior
of the modied electrode toward 0.1 mM UA response in 0.1 M
PBS solution (pH 8, potential range of −1.5 to 1.8 V, and a scan
rate of 100 mV s−1). The cyclic voltammograms (CVs) for 0.1 mM
UA at the bare ACE, Hap-Esb/ACE, ZnONPs/Hap-Esb/ACE, and
Hap-Esb/ZnONPs/ACE are presented in Fig. 5(a). There were
a good response in the peak at −0.53 V corresponding to UA
electro-oxidation. The data showed that the greatest peak
oxidation current response was observed at the Hap-Esb/
ZnONPs/ACE (111.48 mA) surface in comparison with the bare
ACE (30.6 mA), Hap-Esb/ACE (8.10 mA), and ZnONPs/Hap-Esb/
ACE (24.02 mA) (see Fig. 5(b)), indicating the improved sensi-
tivity of the developed electrode towards UA detection. It is very
imperative to note that the layer arrangement on surface
modication is signicantly affects the currents response.73

When the ZnONPs layer was brought forward on the outermost
surface of the developed sensor (ZnONPs/Hap-Esb/ACE), the
ZnONPs blocked the Hap-Esb pore, reducing the current
response. In reverse, when the ZnONPs were sent backward
between Hap-Esb and ACE (Hap-Esb/ZnONPs/ACE), the current
ZnONPs/ACE.

RSC Adv., 2023, 13, 12654–12662 | 12657

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra01214j


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
A

pr
il 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
24

/2
02

5 
9:

38
:3

7 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
response was signicantly higher than the bare ACE as well as
the ZnONPs/Hap-Esb/ACE. Factors that affect the electro-
chemical response are (1) analyte diffusion, (2) catalysts, and (3)
electron transfer.74 By placing the Hap at the outermost surface,
this improves the diffusion of UA and promotes the complexa-
tion of urate ions with Ca2+ from the Esb-Hap.37,52 And the
immobilization of ZnO NPs in the middle layer improves elec-
tron transfer, resulting in the highest current response.
Fig. 7 (a) CV voltammogram of UA at 0.01–10 mM; (b) plot of UA
concentration (0.01–1 mM) vs. anodic peak current; (c) plot of UA
concentration (0.01–0.1 mM) vs. anodic peak current.
Optimization of HAp-Esb/ZnONPs/ACE

The inuence of pH. In electro-analytical evaluation, the pH
of the solution signicantly inuences the current response
since the protons are involved in the reaction.75 Over a pH range
of 3 to 9, the effect of pH on the peak current response of UA at
the Hap-Esb/ZnONPs/ACE in 0.1 M PBS was observed. Fig. 6
depicts CVs recorded in the presence of 0.1 mMUA at a scan rate
of 100 mV s−1. The results show that the peak current response
of UA increases gradually from pH 3 to 8, which can be attrib-
uted to the fact that Hap slowly dissolves in acidic solutions. It
is also known that the Ca2+ ions of Hap-Esb form a complex with
urate ions (see Fig. 1(b)).76,77 As a result, when Hap dissolves
slowly in an acidic environment, it loses its ability to bond the
urate ions, resulting in a lower current response. The maximum
oxidation UA current was obtained at pH 8. Therefore, PBS at
pH 8 was used as the electrolyte in subsequent experiments.

Calibration plot and limit of detection. A calibration plot was
constructed to assist the quantitative calculation of UA in real
samples using the most procient electrodes, Hap-Esb/
ZnONPs/ACE. Fig. 7(a), presents the CV voltammograms recor-
ded using HAp/ZnONPs/ACE at various concentrations of UA,
from 0.01–1 mM (Fig. 7(b)), in a 0.1 M phosphate buffer at pH
8.0. It can be concluded from Fig. 7(c), that the current response
(Ip) increases linearly with the concentration of UA in that
range, with the linear regression equation of Ip (mA) = 1160.5x +
78.238 and R2 = 0.9946.

We noticed that at concentrations of 0.01 to 1.0 mM, the peak
current response tends to be at (Fig. 7(b)); this is probably due
to the saturation of the recognition site on the electrode
surface.37,78 The limit of detection (LOD) was determined as
“3da/b”, where ‘da’ is the standard error of the intercept, and ‘b’
is the slope of the calibration curve, while the LOQ was
Fig. 6 The anodic peak current response of 0.1 mMUA at the Hap-Esb/
ZnONPs/ACE in PBS at pH ranging from 3 to 9.

12658 | RSC Adv., 2023, 13, 12654–12662
calculated by “10da/b”. The limit of detection (LOD) and limit of
quantication (LOQ) were estimated to be 0.0086 mM and 0.028
mM, respectively. The linear current response and the LOD value
obtained in this study are compared with the literature and
presented in Table 2. As tabulated in Table 2, the proposed Hap-
Esb based sensor is superior to those available in the literature,
as suggested by the lowest LOD value. Therefore, our work
creates a proof that Hap-Esb has the potential to be used as
a component of a sensor.
Reproducibility, repeatability, and stability of the developed
electrode

Reproducibility, repeatability, and stability all played important
roles in sensor performance. In this investigation, four equally
prepared electrodes were tested to detect UA by using 0.1 mMUA
solution by CV for reproducibility evaluation. The relative
standard deviation (RSD) of the peak current response of UA
was found to be 0.24%. Next, we tested the developed sensor for
20 repetitive measurements to conrm the instability issue
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Comparison of the proposed uric acid sensor with literature reports

Electrode pH Linear range Detection limit Ref.

Hap-Esb/ZnONPs/ACE 8.0 0.01 to 10 mM 0.0086 mM This work
HA/GCE 7.0 0.1 to 30.0 mM 0.142 mM 79
Graphene-modied carbon ber 7.0 0.194 to 49.68 mM 0.132 mM 22
Pretreated-CPE 7.0 5 to 53.0 mM 5.0 mM 80
Carbon ionic liquid 6.8 2 to 220 mM 1.0 mM 81
Ce-HA/GCE 7.0 0.5 to 200 mM 0.39 mM 25
Poly(DPA)/SiO2@Fe3O4-CPE 7.0 1.2 to 8.2 mM 0.4 mM 18
Graphite-like pyrolytic carbon lm 7.0 0.1 to 9.8 mM 0.03 mM 82
RGO-ZnO/GCE 6.0 1.0 to 70.0 mM 0.33 mM 83
Poly(bromocresol purple)/GCE 6.5 0.5 to 120 mM 0.20 mM 17
Nitrogen doped graphene 6.0 0.1 to 20.0 mM 0.045 mM 84
LaPO4/CPE 7.0 2.7 to 24.0 mM 0.09 mM 85
Graphene/size-selected Pt nanocomposites/GCE 7.0 0.05 to 11 mM 0.05 mM 86
N-rGO 7.0 1.0 to 30.0 mM 0.20 mM 15
PCN/MWCN 4.8 0.2 to 4.0 mM 0.139 mM 87
n-HA/CPE 7.0 0.068 to 50 mM 0.05 mM 23

Fig. 8 (a) CV voltammograms of 0.1 mM UA at n = 1 and n = 15 and (b)
the histogram of oxidation peak current of 0.1 mM UA at various
repetitive measurement at Hap-Esb/ZnONPs/ACE; and (c) CV of UA
measured using Hap-Esb/ZnONPs/ACE at different electrode stored
for 0 and 3 months.
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suggested by the SEM image. The CV and histogram of repeti-
tive testing were presented in Fig. 8. Before the repeating test,
the developed sensor was washed with ultrapure water using the
CV for 3 cycles to remove the analyte. The CV curve of the rst
measurement and the 15th measurement were compared. As
shown in Fig. 8(a), the recorded voltammograms at n = 1 and n
= 15 were almost similar. And the calculation of RSD value for
15 repetitive measurement result in 1.5% RSD, indicating
excellent repeatability performance. We recorded that at the
20th measurement, the peak current decreased (see Fig. 8(b)).
This was probably due to the detachment of Hap from the
electrode surface. For the aforementioned reason we suggest
the prepared electrode is stable for 15 repetitive measurement.

Next, we also observed the stability of the developed elec-
trode by comparing the UA peak current response measured
using freshly prepared and stored electrodes. For this analysis,
the electrode was stored for 3 months in a desiccator. The
results of comparative measurement can be seen in Fig. 8(c). As
presented, the UA peak current responses of freshly prepared (t
= 0) and stored (t = 3 months) are similar, as suggested by the
oxidation peak current values of 206.8 mA and 217.3 mA for t = 3
months and t = 0, respectively. Those data show that the
developed sensor can be stored for 3 months.

Interference study. Possible interferences for the detection of
UA at Hap-Esb/ZnONPs/ACE were evaluated by spiking UA with
various interfering species. In this work, the selectivity perfor-
mance of Hap-Esb/ZnONps/ACE towards UA was evaluated in
the presence of glucose, ascorbic acid, and tyrosine. Those
interferings are coexisting molecules present in the human
biological uids. The interfering species were rst tested indi-
vidually to detect any possibility of overlapping signals. As
shown in Fig. 9, the CV of UA, AA, glucose, tyrosine, UA + AA, UA
+ glucose, UA + tyrosine, and UA + AA + glucose + tyrosine
depicted the peak current response at potentials of −0.32 V,
−0.49 V, −0.46 V, −0.53 V, −0.55 V, −0.44 V, −0.83 V and
−0.72 V, respectively (see Fig. 9(a)). The peaks of the current
responses of UA were found to be 217.3 mA, 180.9 mA, 173.8 mA,
216 mA, 193.4 mA, 204.6 mA, 208.6 mA and 248.7 mA when
© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 12654–12662 | 12659
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Fig. 9 (a) Voltammogram of 0.2 mM interferent molecules on Hap-
Esb/ZnONPs/ACE; (b) histogram of oxidation peak current of 0.2 mM
interferent molecules on Hap-Esb/ZnONPs/ACE.
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measured under unspiking and spiking conditions (see
Fig. 9(b)). Notably, the presence of glucose and AA decreased the
peak current response. In the pH optimization analysis, the pH
value obviously inuences the peak response of UA at Hap-Esb/
ZnO/ACE (see Fig. 6). The presence of AA appears to increase the
acidity and decreasing current response.87,88 Whereas the
decrease of UA peak current response in the presence of glucose
might be due to the competition between glucose and UA to ll
the cavity of Hap-Esb.16,23,25,87,89 We also noticed that the pres-
ence of tyrosine increased the peak current response.25 Given
that the difference of peak current responses are less than 10%
(between 1–9.15%), our proposed sensor shows a remarkably
selectivity.

Finally, the developed sensor is applied to test UA in a real
sample. In this work, we apply human urine samples. The urine
samples were diluted 100 times with 0.1 M PBS pH 8. The
Fig. 10 CV voltammogram of UA from human urine for real sample
analysis at Hap/ZnONPs/ACE.

12660 | RSC Adv., 2023, 13, 12654–12662
dilution process aims to reduce as well as to eliminate the effect
of metabolites present in the urine. As presented in Fig. 10, the
CV voltammogram of the urine sample is similar with the UA
standard solutions. The peak potential of the UA response from
the urine sample was found at −0.13 V, with a peak current
response of 291 mA. From the calculation results, the concen-
tration of UA in urine is equivalent to 10.08 mg dL−1 with an
RSD value of 4.4%. This results is within the range of UA
concentration for healthy human urine. The results obtained
were compared using the high-performance liquid chromatog-
raphy (HPLC) method, with a result of 10.12 mg dL−1. The Hap-
Esb/ZnONPs/ACE electrode was able to detect UA in urine
samples (10.08 mg dL−1) with results that were not signicantly
different when using the HPLC method (10.12 mg dL−1). So we
suggest that the proposed sensor promising for monitoring UA
in real samples.

Conclusions

In summary, an electrochemical sensing-based Hap-Esb/
ZnONPs/ACE is developed for detection of UA. A simple
immobilization of Hap-Esb on ZnONPs/ACE is used to modify
the electrode. Electrochemical studies show that the developed
electrode exhibits excellent response for UA detection in PBS at
pH 8 in the presence of interferings. The linear dynamic range
of UA is 0.01–1 mM with a LOD value of 0.0086 mM at the
developed electrode. It is observed that the repeatability
performance of the developed electrode is veried, as suggested
by a similar response aer 15 repetitive CV tests. Most inter-
estingly, the current response of UA is improved up to 13 times
higher by combining the Hap-Esb with ZnONPs, suggesting
a better electrocatalytic activity. Considering similar CV
response of UA in real sample evaluation, the proposed Hap-
Esb/ZnONPs/ACE has a promising application for monitoring
UA.
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