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doped with ZrO2 nanoparticles and chitosan for the selective
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Abstract
A simple, fast and sensitive method for the detection of luteolin is proposed based on the chitosan/reduced graphene oxide
aerogel with dispersed ZrO2 nanoparticles modified glassy carbon electrode (ZrO2/CS/rGOA-GCE) as an electrochemical
sensor. The ZrO2/CS/rGOA composite was prepared by one pot synthesis from a mixture of GO, CS and zirconyl chloride
octahydrate, and subsequently be freeze-dried. Scanning electron microscope images showed a typical thin, wrinkled and
fluctuant morphology of graphene nanosheets and the polymerized CS and ZrO2 nanoparticles deposited on the surface of
rGOA. Cyclic voltammetry and differential pulse voltammetry were used to measure the electrochemical response of ZrO2/
CS/rGOA composite-based biosensor towards luteolin at the working potential window (−0.8–0.8 V). The improved perfor-
mance of this biosensor was attributed to efficient electron transfer and large surface area of 3D rGOA, and high specific activity
of Zr towards adjacent hydroxyl groups. Under optimized conditions, the analytical performance of this method towards luteolin
was investigated with a detection limit of 1 nM and a linear range from 5 nM to 1000 nM.. Finally, the ZrO2/CS/rGOA-GCE
electrochemical method coupled with solid phase extraction was used for the detection of luteolin in real samples. Recoveries of
spiked samples with different concentrations were in the range 78.6–103.3% with a relative RSD lower than 12.0%.
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Introduction

Luteolin as an important flavonoid is widely existed in many
plants and food, which gains of particular interest for the bio-
chemical and pharmacological activities. It is of importance for
the investigation of the redox process and electrocatalytic ca-
pability, the precise and sensitive detection of luteolin.
Nowadays, various measurement methods have been
established for the identification and determination of luteolin,
such as spectrophotometry [1], high performance liquid chro-
matography, gas chromatography [2], capillary electrophoresis

[3, 4], mass spectrometry and electrochemical sensing method
[5–7]. In the above-mentioned technique, there are more or less
drawbacks, i.e., time-consuming, complicated operation, high
cost, etc. Relatively, the electrochemical technique is an attrac-
tive approach due to its low consumption of time and cost, real-
time detection, high sensitivity and accuracy, supernal selectiv-
ity and simplicity, and more effective practicability. However,
it is still a challenge to construct a superior electrode material
with high sensitivity and selectivity for luteolin in analytical
applications [6, 8–10].

On the basis of the previous researches, an ideal
electrocatalyst should possess remarkable properties like good
electrical conductivity, fast mass transfer, high specific sur-
face area and porosity, inherent virtue of active sites, excellent
chemical and mechanical stability [11–15]. Graphene, as a
representative carbon nanomaterial, has gained great concern
in the electrochemical technique owing to its unique physico-
chemical properties of large surface area, excellent conductiv-
ity and mechanical strength, and ease of functionalization. In
the past few years, most of electrode materials based on
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graphene composites have utilized the two-dimensional
(2D) structure of single-layer graphene [16, 17]. In recent
years, 3D graphene with network and porous structures
(e.g., aerogel, hydrogel, foam, sponge etc.) have been pre-
ferred as the electrode material [18–20], which could over-
come the aggregation problem, improve the inner space and
enhance the electron mobility for unblocked mass migra-
tion. However, the porous structure of 3D graphene would
bring the decrease of mechanical stability easily to cause
the collapse. Chitosan (CS), as a natural biopolymer, was
widely used in the electrode material due to its good bio-
compatibility and water permeability, high adhesion ability
and mechanical strength, and nontoxicity [21]. CS with
abundant amino and hydroxyl groups, would exhibit a high
adsorption capacity for biomolecules. Besides, it can also
improve the stability of the electrode surface, and serve as
the matrix for the immobilization of other materials
[22–24].

Nanostructured metal oxides were also regarded as a class
of ideal electrode materials [25]. Integrating the conductive
polymer and metal oxide into a nanocomposite has been dem-
onstrated as a valuable approach to enhance the conductivity
and electrocatalytic property of nanomaterials. Zirconium ox-
ide (ZrO2) possesses excellent properties of large surface area,
favorable conductivity, fast electron transfer kinetics, good
mechanical, chemical, thermal stability, and low cost, which
was applied in various fields [26–29]. Among, ZrO2 nanopar-
ticles are of particular interests in the electrochemical field,
which can enhance the efficiency of electron transfer kinetic
between the electroactive center and the electrode surface
[30]. Besides, there is a specific chelation interaction between
Zr and O-hydroxyl compounds, and thus ZrO2 could provide
preferential adsorption for luteolin.

The main objective of this work was to develop a rapid,
convenient and highly selective electrochemical method for
the determination of luteolin utilizing the unique properties
of 3D GOA, CS and ZrO2 and their combined advantages.
Herein, ZrO2/CS/rGOA nanocomposite was prepared via the
hydrothermal synthesis and freeze drying. Various surface
analysis techniques were used to characterize the morphology
and composition of the ZrO2/CS/rGOA composite. The elec-
trochemical and electrocatalytic properties of 3D ZrO2/CS/
rGOA were further investigated by cyclic voltammetry (CV)
and differential pulse voltammetry (DPV).

Experimental

Materials and reagents

Quercetin (≥ 98.5%), luteolin (≥ 98%), apigenin (≥ 98%),
myricetin (≥ 98%) were all obtained from Aladdin Chemical
Reagent Co. (Shanghai, China). The chemical structures of

flavonoids were shown in Fig. 1. Graphite powder, potassium
ferricyanide (K3[Fe(CN)6], AR), potassium ferrocyanide
(K4[Fe(CN)6] 3H2O, AR) and zirconyl chloride octahydrate
(ZrOCl2 8H2O, AR) were brought from Shanghai Macklin
Biochemical Co. Ltd. (Shanghai, China). Chitosan, Nafion®
117 solution and hydrazine hydrate (80 wt%) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). N,N-
dimethyformamide (DMF, AR) was brought from Tian in
Fuyu Fine Chemical Co. (Tianjin, China).

Apparatus

Electrochemical experiments were performed on a CHI760E
electrochemical workstation (Chenhua instruments Co.,
Shanghai, China). The three-electrode system was consisted
of an Ag/AgCl reference electrode, a bare GCE (3 mm diam-
eter) or ZrO2/CS/3D-RGO/GCE as the working electrode, and
a platinum wire counter electrode. The solid phase extraction
(SPE) procedure was performed on an 8-port model SPE80
vacuum manifold equipped with a peristaltic pump (Jinan,
China). The structure and property of electrode materials were
successively characterized by a scanning electron microscope
(SEM, JSM-6701F, Japan), an IFS120HR Fourier transform
infrared (FT-IR) spectrometer (Thermo Fisher Scientific,
USA), a thermal gravimetric analyzer (STA449C,
Germany), X-ray photoelectron spectrometer (XPS,
ESCALAB 250Xi, USA), BET analyzer (ASAP 2010,
Micromeritics, USA).

Synthesis of ZrO2/CS/rGOA nanocomposite

The GO suspension was prepared using the modified
Hummers method as described in the previous work [31].
The prepared procedure of ZrO2/CS/rGOA nanocomposite
was described in detail: (a) 30 mL of GO suspension was
placed in a beaker; (b) 0.03 g of CS and 0.3 g of ZrOCl2
8H2O were successively added, and the mixture were stirred
at 1000 rpm for 10 min; (c) 1 mL of hydrazine hydrate (80%)
was added into the mixture and immediately transferred to the
reaction still holding for 12 h at 180 °C; (d) the obtained
product was cooled to room temperature, centrifuged at
6000 rpm, rinsed with distilled water, dried at 70 °C, put in
the ultra-low temperature refrigerator at −80 °C for 10min and
then transferred into the freeze dryer for 10 h to obtain the final
nanocomposite. GO, CS/rGOA, and ZrO2/rGOA were also
synthesized being similar to the above process. All resultant
nanocomposites were stored at 4 °C for the following
experiment.

Preparation of ZrO2/CS/rGOA-GCE sensor

A bare GCE was polished on an emery paper added with 1,
0.3, 0.05 μm alumina slurry in turn. Then it was rinsed
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successively with nitric acid (1:1), ethanol and distilled water
in an ultrasonic bath for 5 min to remove residual alumina and
other impurities. After dried with the nitrogen purging, the
peak potential different of the GCE was investigated in the
1 mM K3[Fe(CN)6]/K4[Fe(CN)6] solution containing 0.1 M
KCl until the potential difference reached the standard value.
Nafion solution (0.5%, w/w) was obtained by diluting the 5%
of Nafion solution with DMF. Then, 5 mg of the synthesized
3D ZrO2/CS/rGOA nanocomposite was added into the 0.5%
of Nafion solution and placed into an ultrasonic bath for 2 h to
form the uniform black suspension. Next, 3 μL of 3D ZrO2/
CS/rGOA nanocomposite suspension was dropped onto the
surface of bare GCE and dried at the room temperature. The
preparation process of modified electrode was illustrated in
Fig. 2. In the comparative experiment, other prepared elec-
trodes have prepared through the similar procedure.

Sample preparation

The peach juice and red wine were purchased from a local
market (Qingdao, China). Firstly, it was filtered with
Buchner funnel, and a 12 μm of sieve plate. Then, a solid-
phase extraction (SPE) process was performed to remove the
impurities. 20 mL of the drink sample was loaded through a
SPE vacuummanifold and eluted with 1 mL of methanol. The
eluent was evaporated, and dissolved in 100 μL of methanol
again.

Electroanalytical measurements

The phosphate buffer solution (0.1 M, pH 6.0) was used as a
supporting electrolyte in the determination of luteolin. Before
electrochemical measurements, the modified electrolyte was

immersed into the flavonoid solution at open-circuit potential
for 5 min during the accumulation period. The optimized con-
dition of CV determination was: the working potential win-
dow, −0.8 ~ 0.8 V; scanning rate, 100 mV s−1; accumulation
time, 5 min; equilibration time, 2 s. The DPV condition was:
amplitude of 0.05; pulse width of 0.05 s; pulse period of 0.2 s;
equilibration time of 2 s. After each measurement, the modi-
fied electrode was immersed into methanol/acetic acid (99:1,
v/v) stirring for 15 min to remove the residual flavonoid in the
last experiment cycle.

Before the measurement of real sample, they were
pretreated using the previous method [32]. The detailed pro-
cedure was: 30 mL of the sample solution was firstly loaded
onto the sorbent of polymeric ionic liquid modified GO
grafted silica, and then 0.5 mL of methanol was used to elute
the flavonoid. After that, 0.5 mL of eluent was diluted to
30 mL of phosphate buffered solution, which was measured
by the ZrO2/CS/rGOA-GCE.

Results and discussion

Characterization of the modified electrode

The surface morphological feature of electrode materials was
investigated. Figure 3 showed SEM images of GOA and
ZrO2/CS/rGOA. The SEM image of GOA exhibited a typical
thin, wrinkled and fluctuant morphology of graphene nano-
sheets. Figure 3 (b, c) showed the polymerized CS and ZrO2

nanoparticles were deposited on the surface of rGOA, which
also brought the decreased surface area. To verify the surface
area of electrode materials, the BET adsorption-desorption
process was investigated, and results were listed in Table S1.

Fig. 1 Chemical structures of different flavonoids and the oxidation mechanism of luteolin
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The BET surface area, total pore volume and average pore width
were 239.16 m2 g−1, 0.41 cm3 g−1, 64.43 nm for GOA and
193.86 m2 g−1, 0.30 cm3 g−1, 59.66 nm for ZrO2/CS/rGOA.
Due to the introduction of Zr and CS, the surface site of rGOA
was occupied, and thus the surface area was slightly decreased.

Figure 4a showed the FT-IR spectra of ZrO2/rGOA and
ZrO2/CS/rGOA. The broad band at 3382 cm−1 was assigned
to the stretching vibrations of N-H superimposed on the O-H
stretching band, H2O, and intermolecular hydrogen. The peak
observed at 428 cm−1 was attributed to the Zr-O vibration. A
weak vibration band at 1122 cm−1 was related to Zr = O from
zirconyl groups, demonstrating that a small amount of ZrOCl2
was complexed by CS/rGOA. The spectrum of ZrO2/CS/
rGOA showed characteristic peaks at 1544 cm−1, 1447 cm−1

were assigned to the N-H and C-N band from the CS and -
NHCO-.

The XPS analysis was carried out for the rGOA and ZrO2/CS/
rGOA and the spectra were presented in Fig. 4b. As observed the
XPS spectra confirm the formation of ZrO2/CS/rGOA. Compared
with GOA, the Zr3d peakwas appeared at 183.08 eV in ZrO2/CS/
rGOA. The improvement of C:O content ratio was resulted from
the introduction of CS and the reduction of GOA.

The thermal stability of rGOA and ZrO2/CS/rGOA was
studied by TGA. As shown in Fig. 4c, the initial weight loss
below 100 °C was mainly ascribed to the evaporation of water
molecules presenting in free or bound form in all samples. The
weight loss of GOA after 100 °C was attributed to the thermal
decomposition of the labile oxygen-containing functional
groups and side groups of GOA. The weight loss of ZrO2/
CS/rGOA was mainly due to the decomposition of the poly-
saccharide ring of CS and slightly oxygen-containing func-
tional groups of rGOA.

Fig. 2 Preparation schema of the ZrO2/CS/rGOA modified electrode

Fig. 3 The surface morphologies of GOA (a) and ZrO2/CS/rGOA (b, c)
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Electrochemical behavior of different modified
electrodes

In order to evaluate the electrochemical behavior of bare GCE,
CS/rGOA, ZrO2/rGOA and ZrO2/CS/rGOA, the CV experi-
ments were performed in 0.1 M pH 6.0 phosphate buffered
solution for the detection of luteolin. As shown in Fig. 5(a),
there was a pair of small redox peaks appeared at bare GCE.
Due to the less conductivity of GO, the GOmodified electrode
exhibited poor redox peaks. After modifiedwith CS, ZrO2 and
the reduction of GO, it was obviously observed that the cur-
rent response increased, which was attributed to the adsorp-
tion and accumulation of luteolin on the electrode surface.
Besides, the reduction of GO would enable the conductivity
to be improved. Compared with CS/rGOA, ZrO2/rGOA pos-
sessed lower baseline current. The highest redox peaks oc-
curred at ZrO2/CS/rGOA-GCE, with a peak-to-peak separa-
tion of 0.0399 V. Results indicated that the introduction of
both CS, ZrO2 and rGOA could synergistically improve the
adsorption and accumulation of luteolin on the electrode sur-
face and result in the remarkable increase of redox peak
current.

Adsorption selectivity and mechanism

A real sample possessed many flavonoids, and due to the
similar structure (Fig. 1), others might interfere the determi-
nation and analysis of luteolin. Therefore, it was important for
investigation of the adsorption selectivity of modified elec-
trode towards luteolin. In this work, the electrochemical be-
haviors of four flavonoids (quercetin, luteolin, apigenin,
myricetin) were investigated by CV and further compared.
Figure 5b showed CV curves of the ZrO2/CS/rGOA-GCE
for the determination of luteolin accumulated for 5 min under
the open-circuit potential in pH 6.0 phosphate buffered solu-
tion including quercetin, myricetin, luteolin, apigenin, respec-
tively. Anodic peaks of luteolin, quercetin and myricetin were
0.344 V, 0.236 V and 0.154 V, respectively. Luteolin pos-
sessed obviously higher anodic and cathodic peak currents
than other three flavonoids. Apigenin had almost no redox

current respond resulted from its weak accumulation on the
3D ZrO2/CS/rGOA-GCE due to the lack of 3′-hydroxyl
group, and the less electrochemical oxidation activity of 4′-
hydroxyl electron-donating on B ring and absent 3′-hydroxyl
group. It also illustrated the coordination effect between Zr
and compound with O-hydroxyl groups. Furthermore, the
chelation interaction between Zr and the adjacent hydroxyl
group improved the adsorption selectivity of modified elec-
trode towards luteolin due to the easy formation of the five-
membered heterocycle.

As shown in Fig. 5c, the as-prepared 3D ZrO2/CS/rGOA-
GCE also exhibited high adsorption selectivity towards
luteolin in mixed solution with quercetin, myricetin, luteolin
and apigenin. The hydrophilic-hydrophobic property of flavo-
noids was one of aspects affecting the adsorption selectivity.
As shown in Fig. 1, the hydrophobic capacity of luteolin and
apigenin were stronger than that of quercetin and myricetin.
Therefore, luteolin is more favorable to move to the electrode
surface. However, the pH of sample solution had also an effect
on the adsorption selectivity of ZrO2/CS/rGOA-GCE towards
analytes. Under the 5 min open-circuit accumulation in pH 4.0
and pH 8.0 phosphate buffered solution containing four fla-
vonoids, there was no selective adsorption of ZrO2/CS/rGOA-
GCE towards luteolin, which also demonstrated the important
effect of sample pH on adsorption selectivity. The pH of sam-
ple solution not only affected the existing state of flavonoids
(ionic or neutral molecules), but also influenced the surface
charge and adsorption site of the electrode material. In the
coordination process, Zr and the hydroxyl group were the
electron donor and electron receptor, respectively. Under the
acidic condition, it was difficult to from the coordination in-
teraction between the protonated flavonoids and Zr with the
positive charge. Under the basic condition, the excess of free
OH− would be adsorbed on the Zr surface occupying the ad-
sorption site. The adsorption of luteolin onto the surface of
ZrO2/CS/rGOA-GCE could be ascribed to the sufficient ad-
sorption site of ZrO2/CS/rGOA composite and the adsorption
selectivity of Zr towards luteolin.

In addition, some inorganic ions were also selected to eval-
uate the adsorption selectivity of ZrO2/CS/rGOA-GCE. In a

Fig. 4 Characterizations of ZrO2/CS/rGOA: (a) FT-IR spectra, (b) XPS spectra and (c) TGA analysis
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mixture of 1 μM luteolin with 100 μM inorganic ions (Na+,
K+, Mg2+, NH4

+, Cl−, SO4
2− etc.), CVs of ZrO2/CS/rGOA-

GCE had no obvious difference suggesting that the selectivity
of modified electrode for luteolin was excellent under the
open-circuit accumulation process.

Effect of experimental conditions

Accumulation time

The adsorption of analytes on the surface of electrode is a
dynamic equilibrium process taking some time to attain a
balance. So, the effect of accumulation time on anodic and
cathodic peak currents was investigated. As shown in
Fig. 6a, peak currents increased rapidly with the accumulation
time from 1 to 5 min, and then tended to be balance or even
slightly decreased, which resulted from the saturated adsorp-
tion of luteolin on the surface of 3D ZrO2/CS/rGOA-GCE. In
the terms of the short analysis time and sensitivity, 5 min of
accumulation time was chosen in the following experiments.

Scanning rate

CVs of ZrO2/CS/rGOA-GCE for the determination of luteolin at
different scan rates (20–300 mV s−1) were explored (Fig. 6b),
which was obtained in phosphate buffered solution (pH 6.0) s
containing 5 μM of luteolin. With the increase of scanning rate,
anodic and catholic peak currents would obviously increase, and
potential difference was also slightly increase. Therefore,
120 mV s−1 was selected as the suitable scanning rate.

The linear relationship of peak current and scanning rate
was favorable in the range of 20–300 mV s−1, which could be
expressed by the fol lowing equat ion: Ipa(μA) =
0.0668 V(mV s−1) + 1.6650 (R2 = 0.9905), Ipc(μA) =
−0.0432 V(mV s−1)-0.1271 (R2 = 0.9920). It indicated that
the redox reaction of luteolin on the surface of ZrO2/CS/
rGOA-GCE was a reversible and surface-confined process.
Results suggested that ZrO2/CS/rGOA-GCE provided fast
electron transfer between the redox center of luteolin and the
surface of ZrO2/CS/rGOA composite. Besides, the redox po-
tential difference of luteolin was almost no shift with the
change of scanning rate. and their values were close to
32 mV. And according to Laviron’s equation,

Epa ¼ E00 þ 2:303RT
1−αð ÞnF logv

Epc ¼ E00−
2:303RT
αnF

logv

it presented that the electrochemical reaction of luteolin on
ZrO2/CS/rGOA-GCE was a reversible process with two-
protons and two-electrodes. The oxidation mechanism of
luteolin was shown in Fig. 1b.

Fig. 5 CVs of different modified electrodes in 0.1 M pH 6.0 phosphate
buffered solution containing 2 μM LUT (a), CV curves of ZrO2/CS/
rGOA electrode in pH 6.0 phosphate buffered solution containing
different flavonoids (5 μM) (b), and in the mixture solution with different
pH containing 5 μM quercetin, 5 μM apigenin, 5 μM myricetin, 1 μM
luteolin (c)
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pH

The effect of buffer pH on electrochemical responses of
luteolin on ZrO2/CS/rGOA-GCE was explored from pH 4.0
to pH 9.0. Figure 6(c, d) illustrated the influence of pH on
peak currents and peak potentials. With the increase of pH,
anodic and catholic peak currents would gradually improve
and then decrease. They reached the maximum value at
pH 6.0, and thus pH 6.0 was selected as the optimized solution
pH. Meanwhile, with pH rising, anodic and catholic potentials
would shift negatively implying that protons participated in
the electrode reaction. In the range of pH 4.0–9.0, there were
excellent linear relationship between peak potentials and pH,
and the linear equations were as following: Epa(V) = 0.7068–
0.0595pH (R2 = 0.9994), Epc(V) = 0.6651–0.0579pH (R2 =
0.9977). It demonstrated that the transfer number of proton
and electron were equal in the electrochemical process.

DPV determination of luteolin

DPV responses of luteolin with different concentrations at the
ZrO2/CS/rGOA-GCE sensor were further evaluated under the

optimized conditions. Figure 7 showed typical DPVs for
luteolin in different concentrations. The sharp and well-
defined anodic peak currents at around 0.344 V would rise

Fig. 6 Effect of the accumulation time at open-circuit potential on anodic
and catholic peak currents (a), the linear relationship of Ipa and Ipc with
scanning rates (b), and Epa, Epc, Ipa and Ipc with pH (c, d), and their CVs of

3D ZrO2/CS/rGOA/GCE in presence of 5 μM luteolin in phosphate buff-
ered solutions with different pH ranging from 4 to 9 (a→ f) and scan rates
ranging from 20 to 300 mV s−1 (a→ k)

Fig. 7 DPV curves of the ZrO2/CS/rGOA/GCE with 5 min open-circuit
accumulation in 0.1 M pH 6.0 phosphate buffered solution with 5–
1000 nM luteolin
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linearly with the increased concentration of luteolin in the
range from 5 to 1000 nM. The linear regression equation
was represented as I(μA) = 0.00173c(nM) +2.385 with a cor-
relation coefficient of 0.9963, and the limit of detection (LOD)
was 1 nM at a signal to noise ratio of 3. The result was attrib-
uted to desirable active sites of ZrO2/CS/rGOA and the ad-
sorption of luteolin as well as the electro-catalytic effect at the
surface of modified electrode. A comparison of the analytical
performance between the proposed ZrO2/CS/rGOA-GCE and
other previous literature sensors for the detection of luteolin
was given in Table S1 [6, 33–36]. It could be seen that com-
pared with most reported electrochemical sensors, the as-
established 3DZrO2/CS/rGOA-GCE sensor presented a wider
linear range. However, the limit of detection was not the least,
maybe due to the relative higher background baseline of
graphene oxide.

Stability and repeatability, reproducibility

The stability and repeatability, reproducibility of ZrO2/CS/
rGOA-GCE electrochemical sensor were investigated, respec-
tively. The as-prepared ZrO2/CS/rGOA-GCE had been inves-
tigated for 40 times, and some detected CV curves were
displayed in Fig. S1. With the increase of used times, the peak
current and potential were all moved. In the experimental, this
prepared electrode had been used for 15 times at one day, and
not used in the second day. Single-electrode repeatability was
investigated by five replicate detection process of luteolin, and
the relative standard deviation (RSD) was 1.2%. Electrode-to-
electrode repeatability was evaluated under the same condi-
tions, and RSD obtained from five different electrodes was
8.5%.

Real sample analysis

Peach juice and red wine were detected to test the feasibility of
the fabricated ZrO2/CS/rGOA-GCE sensor. It was found that

there was no luteolin in peach juice and red wine. After that,
the standard solution of luteolin was spiked into the peach
juice and red wine. As shown in Table 1, the obtained recov-
eries spiked with different standard solutions from two sam-
ples ranged from 78.6% to 103.3% with a relative RSD lower
than 12.0%. The matrix effect (ME) was also evaluated by an
equation: ME (%) = B/A*100, where A was the slope of the
calibration curve in the standard solution and B was the slope
of the calibration curve of luteolin in real samples, where the
calibration curve was obtained through the deduction of back-
ground current. Through the calculation, ME values of
luteolin in peach juice and red wine were 104.6% and
96.5%, respectively. The results demonstrated that the ZrO2/
CS/rGOA-GCE sensor had a great potential for practice in real
samples.

Conclusion

The ZrO2/CS/rGOA composite was prepared via a simple
hydrothermal synthesis and freeze drying, which was dipping
onto the surface of GCE aiming to develop an electrochemical
sensor for the detection of luteolin. It was systematically char-
acterized SEM, XPS, FT-IR, and TGA, which also conversely
verified the successful synthesis of ZrO2/CS/rGOA. Through
the comparison of different electrodes, it found that the supe-
rior electrochemical sensing performance could be directly
attributed to the 3D rGOA and the incorporation of ZrO2

nanoparticles, which not only possessed high surface area
but also exhibited specific selective adsorption site and syner-
gistic effects. Coupled to the SPE procedure, the proposed
method demonstrated that the LOD of 1 nM for luteolin was
not lower than some reported work, but the linear range of 5–
1000 nM was relatively wider. The ZrO2/CS/rGOA electrode
exhibited better adsorption selectivity for luteolin than other
flavonoids (luteolin, apigenin, myricetin). Finally, this method
was also applied for the determination of luteolin in peach
juice and red wine samples presenting good recoveries and
interference ability. Thus, this as-fabricated sensor was a
promising alternative to the traditional analyses for the
luteolin detection and could be further exploited for sensing
applications.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00604-021-04743-y.
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Table 1 Determination of luteolin in samples and the recovery result
using the calibration curve method

Sample Added (nM) Found (nM) Recovery (%) RSD (%)

Peach juice 0 0 – –

10 8.1±1.2 81.0 11.6

50 49.9±2.7 99.8 4.8

200 206.6±27.0 103.3 11.7

Red wine 0 0 – –

10 7.9±1.4 79.0 12.0

50 39.3±3.9 78.6 5.0

200 189.0±5.2 94.5 2.5
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