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A novel non-enzymatic electrochemical uric acid sensing based on 

extracted hydroxyapatite from eggshell biowaste on zinc oxide 

nanoparticles decorated activated carbon electrode 

(Hap-Esb/ZnONPs/ACE).

Retno Wulandari,  Ardi Ardiansyah,  Henry Setiyanto , and Vienna Saraswaty
ab* a d ac*

A sensitive and selective electrochemical sensor, based on green synthesized hydroxyapatite from eggshell biowaste (Hap-

Esb) was fabricated by a simple immobilization on zinc oxide nanoparticles decorated activated carbon paste electrode,

was developed for detection of uric acid.  Due to electrochemical oxidation of UA depending on the pH values, the sensor

performance was tested at various pH values. The proposed sensor was throroughly characterized by scanning electron

microscopy, x-ray diffraction, and cyclic voltammetry. Excellent results were obtained for detection of UA in a linear range

of 0.001-10  μM. A  limit of  detection  value of  0.016 μM was calculated.  The developed sensor  showed  a  excellent

selectivity towards some interferings that are ascorbic acid, glucose, and tyrosine. In addition, the sensor also showed a

good repeatability for 16 times simultanous UA evaluation with RSD value of 1.5% Our work highlights that Hap-Esb can be

used as a component of biosensor, and our proposed sensor is promising for a fast monitoring of UA level.

Keywords: Uric acid; Activated carbon electrode; Hydroxyapatite; electrochemical; eggshell

Introduction 

In the current field of disease diagnosis and treatment, there is

a necessity to create a device that can identify, trace, and quantify

metabolites of several important biochemical processes of human

body for a fast, straightforward, and accurate diagnosis of variety

disorder. Uric acid (UA),  a  natural  antioxidant  and  byproduct  of

purine metabolism, and its derivatives are required for biological

activity in the human body [1] and [2]. The excess UA concentration

from its typical range is linked with several disease such as gout,

cardiovascular  [3],  hyperuricemia[4],  and  type  II  diabetes  [5].

Meanwhile a lower amount of UA than its typical range may reflect

to  an earlier  stage of  Parkinson, Alzheimer,  as well  as  Multiple

sclerosis disease  [6] and [7]. Therefore, a device that can monitor

UA is become important. 

Several  analysis  methods  including  high  performance  liquid

chromatography, chemiluminescence analysis, spectrophotometry,

and  electrochemical  analysis  have  been  used  for  routine  UA

analysis. Among them, electrochemical analysis has received more

attention because of  its fast, reliable,  and accurate result. More

importantly,  by  applying  an  electrochemical  analysis,  the  small

quantity of an electroactive element can be detected accurately.

To  date,  most  of  routine  UA  sensing  applies  an  enzymatic

electrode. By applying an enzymatic electrode, the presence of UA

can  be  detected  accurately  due  to  its  selectivity.  However,  an

enzymatic sensing has several limitations that are must be placed at

low  temperature,  has  a  short  lifetime,  and  must  be  packed

properly.  Several reports  have proposed applying  hydroxyapatite

(Hap) in decorating electrode surface for detection of UA. This is

reasonable  because  the  interaction  between  urate  ions  (Lewis

bases) with Lewis acid sites due to the presence of Ca  ions from
2+

the Hap lattice causes the acidity of the Hap surface resulting in an

increase in the interaction of redox pairs [8] [9] [10] [11] [12] and

  ., 2022, , 1-3 | This journal is © The Royal Society of Chemistry 2022  Chem. Chem. PhysPhys. 00 1
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[13]. Hap surface acidity becomes the dominant influencing factor

[14] and  [15].   In  addition, Hap  modified electrodes  have been

extensively studied due to their acid-base properties, ion-exchange

capabilities, and high adsorption capacities [16] [17] and [18]. Thus,

the development  of  non-enzymatic  UA  sensing  based  Hap  is  of

interest.

Hap  can  be  synthesized  by  various  technique  including

precipitation, hydrolysis, hydrothermal synthesis and/or extracted

from natural resources, for example seashells, shrimp shells, bovine

bones, fish bones. It is very important to note that food-industries

generally use eggs in the  production of  cakes, foods, and so on

[19].  The  high  demand  of  eggs  in  food  production  making  the

amount of eggshell  biowastes (Esb) are  available abundantly. An

eggshell is structurally composed of three layers that are cuticle,

spongeous layer and the lamellar layer. The spongeous and lamellar

layers  resemble  a  matrix  of  protein  fibers  tied  to  the  calcium

carbonate (calcite) crystal at a ratio of 1:50. The content of calcite in

eggshell is about ~94%, making eggshell is very potential for being

valorized become Hap  [20] [21]. A study reported that Hap can be

extracted from eggshell by a simple two stage thermal treatment at

450
o
 and 1000 C in a furnace. For this reason, we develop a UA

o

sensing based on extracted Hap from Esb. By utilizing the Esb for

the  extraction  of  Hap,  we,  therefore,  play  a  role  in  the

environmental  sustainability  as  well  as waste management  [22].

More importantly, this will also increase the added value of Esb.

The performance of UA Hap based sensor is influenced by the

surface  acidity  of  Hap  and  mesopore  volume.  In  addition,  high

agglomeration with decreased proportion of discrete Hap particles

was found  to decrease  the electrochemical active  sites  [23] and

[24]. Therefore, decorating the developed Hap based electrode for

a better current response is required. 

Zinc  oxide  (ZnO)  has  recognized  as  a  promising  biosensor

material because of its unique features. The following is a summary

list  of  ZnO  features  that  enables  it  useful  for  wide  biosensor

applications  includes:  direct  and  wide  band  gap,  large  exciton

binding energy, large piezoelectric constant, strong luminescence,

strong  sensitivity  of  surface  conductivity  to  the  presence  of

adsorben  species,  strong  non-linear  resistance  of  polycrystalline

ZnO,  large  non-linear  coefficients,  high  thermal  conductivity,

available  of  large  single  crystal,  as  well  as  amenability  to  wet

chemical etching [25] [26] [27] [28] [29] [30] and [31]. In addition,

the high isoelectric point of ZnO enables to improve the absorption

[32] [33][34] and [35]. Zinc oxide has the ability to enhance electron

transport  and  enhance  catalytic  processes  [36] [37]. The  ZnO 

nanoparticles used in this study are zero-dimensional in brief, 0-D

ZnO is a basic elemental unit consisting of nanoparticles  [38] and

collection points  [39], thus requiring modifications to enhance the

electron immobilization capability. The HAP coating can provide a

good  surface  for  immobilizing  nanostructured  materials  on  the

electrode surface  because it  is easy to function and also creates

conditions to facilitate the process of electron transfer through a

synergistic action between itself and the mediator [40] and [41]. We

therefore decorated a UA sensing based Hap developed with ZnO to

facilitate better electron transfer then improve the current sensor

response. We therefore decorated the developed UA sensing based

Hap with ZnO to facilitate a better electron transfer then improving

the current sensor’s response.

In this present investigation, we reported a novel non-enzymatic

UA  electrochemical  sensing  based  extracted  Hap  from  Esb  on

activated carbon electrode (ACE) surface. The Hap with improved

activity was immobilized on ZnO nanoparticles decorated on  the

ACE  surface.  The  electrochemical  characteristics  and  response

behavior  of  developed  electrode  was  evaluated  by  cyclic

voltammetry  (CV).  The  analytical  performance  of  the developed

electrode toward UA analysis was also demonstrated. 

Experimental Section

Materials and Instruments

Eggshell biowastes were collected  from  the  disposal  of  the

foods located  in  Bandung City,  Indonesia.  Activated  carbon,

Zn(CH COOH)3 2

-
.2H2O  (99.5–101.0%), KH2PO4 (≥99.995%),  and

K2HPO4 (≥99.99%) are from  Merck (Germany) with  pro analytical

 grade. Ultrapure water was prepared by a Module E-pure D4642-33

 instrument (Barnstead) with a resistivity ≥18 MΩ.

Particle  size  analysis  was  performed  using  a  Zetasizer  Nano

 Series,  Malvern  (UK). An  UV-visible  spectrophotometer  (Agilent

 to  quantify  absorbance.Technologies-8453,  Germany)  was  used

The  surface  morphology  of  the  extracted  Hap  and  synthesized

ZnONPs was examined using  scanning electron microscopy (SEM;

 Comparatively, an JEOL JSM IT300, Japan). EDX (Oxford X-Max 20,

UK)  evaluation  was  used  to  determine  the element  that  was 

present  on  the  electrode  surface.  The  Autolab  PGSTAT302N

Metrohm was used to record the electrochemical measurement. A

three-electrode system was used with Ag/AgCl  reference  and  Pt

counter  electrodes.  The  working  electrode was ACE modified with

ZnONPs and HAp.

Synthesis and Characterization  of ZnO NPs

  [1]. The ZnONPs were synthesized following the previous work In

separated flasks, about 200 mL of 0.1 M of Zn(CH3COOH)2.2H2O and

 Until completely200 mL of 0.4 M KOH were dissolved in ethanol.

dissolved,  both  solutions  were  heated  at  60 C  while  being
o

constantly stirred. The KOH solution was then gradually added to

the Zn(CH3COOH)2

-
.2H2O solution and agitated continuously  for  3

hours. The white precipitate that contained the zinc oxide particles

was produced. Centrifugation was then used to separate the ZnO

particles  at  a  speed  of  4000 rpm.  The  contaminants  were  then

removed from the ZnO particles using acetone and ultrapure water

before being heated at 600 C to create ZnONPs (2.2 grams).

Extraction, synthesis, and characterization of Hap-Esb 

The Esb were rinsed with tap water and dried under sun before

grounded. The dried Esb were then grounded by using a grinder

machine  and  sieved  with  a  100  mesh  sieve  size.  The  CaO  was

extracted from Esb by calcination in a furnace at temperature of

1000
o
C  for  5  h.  Next,  the  extracted  CaO  from Esb  was  further

transformed  become  Hap  by  stiring  the extracted  CaO  in  0.6M

H3PO4 solution at ratio of 1:1 The mixture was heated at 60  C.
o

2 |   Phys. Chem. Chem. Phys. 2022, 00, 1-3 This journal is © The Royal Society of Chemistry 2022
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Prior to heating process, the mixture was sonicated (40 kHz, 1 h) for

homogenization as well  as  to redisperse the CaO aggregation by

using  a  ultrasonic  instrument  (Merk,  Negara).  The  process  was

carried out  for  24 h incubation.  Next,  the synthesized Hap  was

separated from the filtrate by centrifugation (3000 rpm, 15 min).

The precipitate was then dried in an oven at 105 C for overnight.

Finally the precipitate was heated in a furnace (1000 C, 5h) with the

heating  rate  of   600  C/h for  a  complete  tranformation of  CaO
o

become Hap. The synthesized Hap-Esb was then characterized by

SEM,  X-ray diffraction, and XRF.

Decoration of ZnONPs on ACE surface (ZnO/ACE)

The  following  steps are  used  to  create  the  modified  active

carbon electrode: First, 0.5 g of active carbon electrode powder was

added 100  μL of  paraffin oil  as  a binder. The  mixture was  then

combined for 30 min in a small mortar. Second, 10% ZnONPs made

from purified ZnO nanopowders. The hole in the electrode body

was filled with the produced paste (mixture of active carbon with

paraffin). The electrode body, which is in  contact  with a copper

wire, is  a  capillary  pipe with  a  hole  at one  end  (with  an  inner

diameter of 2.0 mm) for the carbon paste filling. then, ZnONPs is

inserted into the capillary tube hole. A copper wire inserted into the

opposite end of the tube made electrical contact. The ZnONPs/ACE

surface  was  polished  with  weighing  paper  when  the  electrode

surface needed to be renewed.

Modification of ZnONPs/ACE electrodes with HAp 

Modification performed  by  adding  10%  HAp  from  of  massa

ZnONPs/ACE. The hole in the electrode body has been filled with

the result of the above method added HAp in a way is inserted into

the capillary tube hole. The HAp/ZnONPs/ACE surface was polished

with  weighing  paper  when the  electrode  surface  needed to  be

renewed.

Fig. 1 Schematic representation of the Hap-Esb/ZnONPs/ACE

Electrochemical measurements 

Using  a  potentiostat  that  was  operated  by  a  computer,

electrochemical measurements were made (Metrohm, Autolab). A

typical three-electrode cell with a 20 mL capacity was employed. In

20 mL of 0.1 M PBS pH 8, the potential window measurement was

performed. A Pt counter electrode (CE) with a diameter of 0.5 mm

(Bio-Logic  Science  Instruments,  A-002222)  and  an  Ag/AgCl

reference electrode (RE) with a diameter of 2 mm (World Precision

Instruments, DRIRFE-2) for the electrochemical studies. The working

electrode was a HAp/ZnONPs/ACE. ZnO and HAp nanocoats were.

added to the surface respectively using 10% of the carbon paste

by weight used. Cyclic  was used for electrochemicalvoltammetry

measurements of  uric acid (UA) standard solutions and samples on

ZnONPs/ACE modified by HAp (HAp/ZnONPs/ACE) electrodes from

the potentials of −1.5 V to 1.8 V at a scan rate of 100 mV/s. The

standard solutions were prepared in Phospate buffer solution (PBS)

pH 8 with various concentrations of UA (0.001 - 10) μM. This step is

carried  out  to  determine  the  working  range  of  the  sensor  in

detecting UA. Measurements were also carried out in the presence

of  interfering  compounds  such  as  ascorbic  acid,  glucose  and

tyrosine to find out whether the modified sensor uses selective HAp

in UA measurement. The simplified electrochemical measurements

setup used in this study are shown in Figure 2.

Fig. 2 Schematic Electrochemical measurements uric acid using the

Hap-Esb/ZnONPs/ACE

Results and discussion

Characterization of Hap-Esb

The extraction of CaO from Esb was performed by calcined the Esb

at 1000  C for 5  h. In  this step  the calcite from  eggshell will  be

tranformed become CaO in accordance with the reaction Eq. 1. The

presence of spongeous and lamelar matrix that are not thermally

, 2022, , 1-3 | This journal is © The Royal Society of Chemistry 2022  Chem. Chem. Phys.Phys. 00 3



Please do not adjust margins

Please do not adjust margins

Paper PCCP

stable and tied with the calcite from eggshell will be decomposed

and eliminated [42] [43]. 

                       CaCO   →  CO  + CaO                                 (1)3 2

Next, the synthesis of Hap-Esb was performed by mixing the Hap

with H  solution, followed  by  two heating stage. At  the  first3PO4

heating  stage,  the temperature  was  set  at  105  C  for  overnight

(approximately 16 h). The main objective of the first heating stage is

to remove  water as  well  as moisture, while the second stage  is

critical  for  the  formation  of  Hap.  The  surface  morphology  of

synthesized Hap-Esb is presented in Fig. 3,  as  depicted at 5000x

magnification, the synthesized Hap-Esb were found in the mixture

of coral shapes contructed with hexagonal rods, and square-tile like

shapes [44] [45]. When the magnification was adjusted to 30.000x,

the mixture of particles at sub-micron and nano size were found as

suggested by red and yellow circles.  It seems the  larger particle

(sub-micron  size)  are  formed  from  agglomeration.  It  is  not

surprising, because during synthesis of Hap, we applied two stage

heating  process,  in  which  the  second  stage  utilizing  very  high

temperature  for  5  h,  then  possibly  to  Hap  particles  are  partly

melted  and  may form  a  range  of  calcium  phosphates  including

calcium  oxide  (CaO)  or  amorphous  calcium  phosphate  upon

 [46] [47]. decomposition When the high-temperature particles are

  C), theimpacted onto the cold metal substrate (usually below 150
o

cooling rate of coatings can lead to the  formation of crystalline,

  non-crystalline  and  metastable crystalline products  such  as

 oxyhydroxyapatite, α -tricalcium  phosphate,  tetracalcium

phosphate,  calcium  oxide  (CaO)  and  amorphous  apatite  in  HAP

 [21] [48].coatings

Fig. 3 SEM of Hap synthesis from eggshell

Next, the purity of Hap-Esb was further characterized by X-ray

fluorescence (XRF). As tabulated in Table 1, the Hap-Esb contains

Ca, Fe, Sr, Mn, and Sc elements. As expected, the Ca content were

found  at  99%  concentration.  So  that  the  impurities  present  in

eggshell did not interfere  the transformation of CaO  to become

Hap.

Table 1. Element analysis XRF of Eggshells material (CaO)

element Ca S Fe Sr Mn Sc Zn

percentag

e

99.6

5

0.0

0

0.0

5

0.1

1

0.0

5

0.12

6

0.0

0

X-ray  diffraction  (XRD)  analysis was used  to  characterize the

Hap-Esb and compare the obtained XRD pattern to the database of

the Joint Committee on Powder Diffraction Standards (JCPDS Card)

[49]. As presented in Fig. 4b, the XRD pattern of  Hap-Esb clearly

showed peaks at  2 θ 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 which  matched to  the

crystallographic planes (100), (101), (200), (111), (002), (102), (210),

(211), (112), (300),  (202), (301),  (220),  (310), (131), (113), (222),

(213),  and  (322) respectively. This is in  agreement with  the HAp

standard (JCPDS card no. 9-432) [50] (see Fig. 4a).

The crystallite sizes of Hap-Esb were then calculated using the

Debye Scherer formula,

D=(0,89λ )/(β cosθ)

D  denotes for the size of the crystallite, the full width at half

maximum, the diffraction angle (theta), and the XRD wavelength.

The  crystallite  sizes  of  Hap-Esb  were  tabulated  in  Table2.  The

average Hap-Esb crystallite sizes was about 78.97 nm. In contrary

with larger particles  appeared in the SEM images, the calculated

crystallite size emphasized the formation of aggregates of Hap-Esb.

Fig4. XRD pattern of a) Hap (JCPDS Card No. 9-432) b) products Hap

from eggshell obtained by precipitation method

Table 2. 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
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2 theta position Crystallite size (nm)

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

Characterization of synthesis Zinc Oxide Nanoparticles (ZnONPs)

The wet chemical approach of synthesizing ZnO resulted in nano-

sized particles, according to the particle size analysis (PSA) results.

According to Fig., the particle size distribution of ZnONPs revealed a

monodisperse system with a polydispersity index (PI) of 0.168 and

an average diameter size of 71 nm [17]. ZnONPs were found to have

a maximum absorption peak at = 377 nm (Fig.), which indicates that

they were in the form of  hexagonal  wurtzite. The production  of

nanoparticles of the produced ZnONPs was highlighted in the SEM

image  (Fig.).  The  SEM  image  clearly  demonstrates  that  the

produced ZnONPs  are crystalline, have  a wurtzite structure, and

have particles smaller than 100 nm, as shown. The findings of the

evaluation of particle size and maximum absorption peak [51], [52],

[53], [54], and  [55] are strongly related to this. (nanti ini terakhir

saja)

 modified  electrodeCyclic  voltammetry  (CV)  behavior  of  the

toward UA response

CV  technique  was  applied  to  evaluate  the  electrochemical

behavior of the modified electrode toward 100 nm UA response in

0.1M PBS solution at pH 8 at a potential range of -1.5 to 1.8 V and a

scan rate of 100 mVs  The CV voltammogram for 100 nm UA on the
-1.

bare  ACE,  Hap-Esb/ACE,  ZnONPs/ACE,  Hap-Esb/ZnONPs/ACE,

ZnONPs/Hap-Esb/ACE  are presented in Fig. 3a. There were a good

response  in  the  peak  at  -0.53  V  corresponding  to  UA  electro-

oxidation. We also revealed that the greatest peak current response

was observed on the  Hap-Esb/ZnONPs/ACE (111.48 μA) surface in

comparison with the bare ACE ( 30.6 μA), Hap-Esb/ACE ( 8.10 μA),

and ZnONPs/Hap-Esb/ACE (24.02  μA)) (See Fig. 3b), indicating the

enhanced sensitifity of the developed electrode towards UA electro

oxidation. It is very imperative to note that the layer arrangement

on  modification  of  electrode surface  is  critical  towards currents

response[56]. When the ZnO NPs layer was bring forward on the

outermost surface of developed sensor (ZnONPs/Hap-Esb/ACE), the

ZnO particles blocked the Hap-Esb pore then reducing the current

response.  In  reverse,  when  the  ZnO  NPs  was  send  backward

between  Hap-Esb  and  ACE  (Hap-Esb/ZnONPs/ACE),  the  current

response elevated significantly 3 times higher than the bare ACE as

well  as  the  ZnONPs/Hap-Esb/ACE.  Factors  that  affect  the

electrochemical response are (1) analyte diffusion, (2) catalyst, and

(3)  electron  transfer  [57].  By  placing  the Hap  at the  outermost

surface, this improve the diffusion of UA, and the presence of ZnO

NPs  in  the  middle  layer  facilitating  a  better  electron  transfer,

remarkably resulting in the highest current response.

  The CV voltammogram and b). Histogram of ACEFig. 3 a).

modification oxidation peak

Optimization of HAp/ZnONPs/ACE

The influence of pH. The effect of pH on the peak current response

of UA has been observed at the Hap-Esb/ZnONPs/ACE in 0.1M PBS

over the pH range 3 to 9. CVs recorded in the presence of 0.1 μm

UA at the scan rate of 100 mVs  are shown in Fig. X. The results
-1

show that the UA peak current response increased gradually at pH 3

to  8,  and  starting  to  decrease  at  pH  9.  In  electro-analytical

evaluation, the pH of solution significantly influence the  current

response since the protons are involved in the reaction  [14]. It is

known that Ca  ions are present on the Hap-Esb, suggesting that
2+

the Ca  ions take part in electrode reactions [58] [59] [58] and [60].
2+

The maximum oxidation UA current was obtained at pH 8, hence

this value was selected for further evaluation.

Fig.  4   pH  on  anodic  current  of  100  nM  UA  on  the

Hap-Esb/ZnONPs/ACE. 

Calibration plot and limit of detection  benerin dulu hitungan      

LOD dan LOQ nya.

A calibration plot was constructed to assist quantitative retrieval of

UA  in  real  samples  using  the  most  proficient  electrodes  Hap-

Esb/ZnONPs/ACE.  Figure  5  presents  the  CV  voltammograms

, 2022, This journal is © The Royal Society of Chemistry 2022  Chem. Chem. Phys.Phys. 00, 1-3 | 5
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recorded using HAp/ZnONPs/ACE at various concentrations of UA,

from 0.001-10 μM, in a 0.1 M phosphate buffer at pH 8.0. It can be

concluded from the inset of Figure 5, that the current response (Ip)

increases linearly with the concentration of UA in that range, with

the linear regression equation Ip (μA) = 1.1605x + 99.038 having a

good correlation coefficient of 0.9946. The detection limit (based on

3σ) is estimated to be  15,79 nM. The linear current response and

limit  detection  obtained  in  this  study  are  compared  with  the

literature and presented in Table 3 to determine their competence

with other  UA sensors.  It  can be  noted  from Table  3,  that  the

proposed UA sensor is superior to those available in the literature,

in  terms  of  a  more  sensitive  concentration  range  and  a  wide

detection limit, or at least one.

Fig. 5  a) CV voltammogram of UA at 0.001-10 μM; (b) Histogram of

UA concentration (0.001-10 μM) vs. anodic peak current; (c) plot of

UA concentration (0.001-0.1 μM) vs. anodic peak current; (d) plot of

UA concentration (1–10 μM) vs. anodic peak current.

Table 3. Comparison of the proposed uric acid sensor with literature

reports

Electrode pH Linear 

Range

Detection

limit

Ref

Hap-Esb/ZnONPs/ACE 8.

0

10 

to10000 

nM

15,79 nM This 

work

HA/GCE 7.

0

0.1 to 

30.0 μM

0.142 μM [8]

Graphene-modified 

carbon fiber

7.

0

0.194 to 

49.68 μM

0.132 μM [61]

Pretreated-CPE 7.

0

5 to 53.0 

μM

5.0 μM [62]

Carbon ionic liquid 6.

8

2 to 220 

μM

1.0 μM [63]

Ce-HA/GCE 7.

0

0.5 to 

200 μM

0.39 μM [13]

Poly(DPA)/SiO2@Fe3O4-

CPE

7.

0

1.2 to 8.2

μM

0.4 μM [64]

Graphite-like pyrolytic 

carbon film

7.

0

0.1 to 9.8

μM

0.03 μM [65]

RGO-ZnO/GCE 6.

0

1.0 to 

70.0 μM

0.33 μM [66]

Poly(bromocresol 

purple)/GCE

6.

5

0.5 to 

120 μM

0.20 μM [67]

Nitrogen doped 

graphene

6.

0

0.1 to 

20.0 μM

0.045 μM [68]

LaPO4/CPE 7.

0

2.7 to 

24.0 μM

0.09 μM [69]

Graphene/size-selected 

Pt nanocomposites/GCE

7.

0

0.05 to 

11 μM

0.05 μM [70]

N-rGO 7.

0

1.0 to 

30.0 μM

0.20 μM [71]

PCN/MWCN 4.

8

0.2 to 4.0

μM

0.139 μM [72]

n-HA/CPE 7.

0

0.068 to 

50 μM

0.05 μM [73]

Reproducibility, repeatability, and stability of the developed 

electrode

Reproducibility,  repeatability,  and  stability  all  played  important

 developed  sensor’s  performance.  Fourroles  in  evaluating  the

equally prepared electrode were tested in 0.1  μM UA solution to

evaluate  the  reproducibility of  Hap-Esb/ZnONPs/ACE  by CV.  The

relative standard deviation (RSD) of the peak current response of

UA was  0.24%. Next, the repeatability of our developed sensor was

tested for 20/16 repetitive measurement. Before the repeating test,

the developed  sensor was washed with ultrapure water using the

6 |  2022,  Phys. Chem. Chem. Phys. 00, 1-3 This journal is © The Royal Society of Chemistry 2022
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CV for  .. cycles to remove the analyte. The CV  curve of  the first

measurement and the 20  measurement almost similar. And the
th

calculation of RSD value result in 1.5% , indicating that the proposed

sensor has  an  excellent  reproducibility  and repeatability.   Untuk

stability?? (sebelumnya  ditulis  3  bulan penyimpanan??? Datanya

blm ada?)

Fig.6 a) The peak current of 0.1 μM UA response on four different

Hap-Esb/ZnONPs/ACE and b) the peak current of the repeatability

measurement on an Hap-Esb/ZnONPs/ACE.

Effect of potentially interfering species

In the aim to verify the selectivity  of  HAP-Esb/ZnONPs/ACE,  the

influence of several interfering species was evaluated. In this work

the selectivity performance of Hap-Esb/ZnONps/ACE was evaluated

in  the  presence  of  glucose,  ascorbic  acid,  and  tyrosine.  The

interfering species were tested individually to detect any possibility

of overlapping signals.  The peak current  responses of  interfering

were detected at potential of  values -0.55 V, -0.44 V and -0.83 V

(See Fig. Xa) with the peaks current response of 195.8 μA, 180.3 μA,

173.1 μA, and 147.2 μA (See Fig. Xb) for ascorbic acid, glucose, and

tyrosine respectively. While, the UA response was detected at .... V

at peak current response of ....., suggesting the selectivity of our

modified  sensor.  Next  the  interference  evaluation  was  further

assessed  by  mixing  the  interferings  at  a  ratio  of  1:1. The  CV

voltammograms of UA in the presence of interfering are presented

in Fig.  Xa, whereas  the  comparative  peak  current  response  are

presented  in  Fig.  Xb.  Notably,  the  presence  of  glucose  and  AA

decreased  the  peak  current  response.  In  the  pH  optimization

analysis, the pH value obviously influences the peak response of UA

at Hap-Esb/ZnO/ACE.  It  seems  the  presence  of  AA  increase  the

acidity then reducing the current response. Whereas the decrease

of UA peak current response in the presence of glucose might be

due to the competition between glucose and urate ions to fil the

cavity of Hap-Esb  [74],  [75]. Given the difference of peak current

responses are less than 10% (between 1-9.15%)  [76], our proposed

sensor shows a good selectivity. 

Fig.7 a)  Histogram of oxidation peak current of 0.1 μM interferent

molecules on  Hap-Esb/ZnONPs/ACE; b) Voltammogram of 0.1  μM

interferent  molecules  on  Hap-Esb/ZnONPs/ACE;  c)  histogram  of

 μM UA solution in the presence ofoxidation peak current of 0.1

interferences  (0.1  μM)  on  Hap-Esb/ZnONPs/ACE;  and  d)

Voltammogram  of  0.1  μM  UA  solution  in  the  presence  of

interferences (0.1 μM) on Hap/ZnONPs/ACE

This journal is © The Royal Society of Chemistry 2022 , 2022, , 1-3 | Phys. Chem. Chem. Phys. 00 7
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Conclusions

To  find  UA,  electrochemical  sensing  based  on

Hap-Esb/ZnONPs/ACE  was  developed.  The

Hap-Esb/ZnONPs/ACE were prepared using a straightforward

and efficient drop-casting method. Electrochemical experiments

showed that the HAp powder-modified eggshell electrode worked

well  for  UA  detection  at  pH  7.  It  had  a  strong  linear  current

response in the concentration range of 0.001  μM to 10  μM, with

0.001 μM being the lowest concentration that could be detected.

At the developed electrode, the UA had a LOD of 0.01579 μM

and a linear dynamic range of 0.001-10 μM. After 16 more CV

tests  it  was  seen  that  the  created  electrode's  repeatability

performance was confirmed, as suggested by similar results.

Most interestingly, when HAp from the eggshell was mixed with

ZnONP,  the  current  UA  responded  up  to  sixteen  times  better,

showing better electrocatalytic activity.  The validity of structural

sensing efficacy has therefore been established.
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