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Abstract

The authors describe a method for electrochemical synthesis of a nanocomposite consisting of carboxylated multi-walled carbon
nanotubes, polythionine and platinum nanoparticles (denoted as cMWCNT@pTh@Pt). The composite was placed on a glassy
carbon electrode (GCE) to obtain a sensor for simultaneous determination of myricetin and rutin by differential pulse voltamm-
etry, with typical peak voltages of 0.16 and 0.34 V (vs. SCE). Under optimal conditions, the modified GCE has a linear response
in the range of 0.01-15 pM myricetin concentration range, and a 3 nM lower detection limit. For rutin, the data are 0.01-15 pM
and 1.7 nM, respectively. The sensor is selective, stable and reproducible. It was successfully applied to the simultaneous
determination of myricetin and rutin in spiked juice samples, and satisfactory results were obtained.

Keywords Flavonoids - Nanocomposites sensor - Simultaneous determination - Electropolymerization - Electrodeposition -
Conductive polymer - Electron mediator - Signal amplifier - Electrocatalytic oxidation - Synergistic effect

Introduction

Myricetin and rutin are two typical natural flavonoids
(Chart 1) [1], which have anti-oxidative, anti-bacterial and
anti-tumor medical effects [2]. While the similar chemical
structure and physical features, resulting in difficult to distin-
guish them [3, 4]. Therefore, it is a great challenge to construct
a convenient, accurate and sensitive analytical method for
simultaneous determination of myricetin and rutin in food
and medicine field. Up to date, several reported methods such
as chemiluminescence [5, 6], high performance liquid
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chromatography [7, 8], spectrophotometry [9] and capillary
electrophoresis [10] have been used for the myricetin and rutin
detection. Although these methods are quite mature and wide-
ly used for flavonoids detection, while as electroactive com-
pounds, both myricetin and rutin can be detected by electro-
chemical method, which is an instrumental simplicity, fast
response and high sensitivity analytical method. However,
the preparation of complex nanomaterial and poor stability
for electrochemical method still need to be improved and op-
timized. Some flavonoid electrochemical sensors have been
reported to detect myricetin [11-13] or rutin [14—17], simul-
taneous determination of myricetin and rutin has rarely been
reported, due to their analogous chemical structure and elec-
trochemical properties, causing an indistinguishable potential
[4, 12]. Therefore, it was urgent and necessary to develop an
electrochemical sensor that can realize simultaneous determi-
nation of myricetin and rutin.

Multi-walled carbon nanotubes (MWCNTS) as electro-
chemical signal amplification [18, 19] have been widely used
in electroanalytical chemistry due to their unique properties
such as excellent electrical conductivity, high surface area,
high chemical stability and high mechanical strength
[20-22]. Moreover, some groups functionalization of

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00604-018-2947-7&domain=pdf
https://doi.org/10.1007/s00604-018-2947-7
mailto:hjianzhi0628@163.com
mailto:wanglsh@scut.edu.cn

414 Page 2 of 10

Microchim Acta (2018) 185: 414

Chart 1 Chemical structures of
myricetin (A) and rutin (B)

HO,

OH

MWCNTs such as hydroxyl (-OH), carboxyl (-COOH), and
carbonyl (-C=0) can make them combine with other
nanomaterials more easily [23]. Polythionine as an excellent
electron transfer mediator [24] with good redox reversibility
and stability, which has been widely used in sensors fabrica-
tion [25, 26]. Platinum nanoparticles as a noble metal catalyst
was introduced into electrochemical sensor for amplifying the
electrochemical signal of flavonoids, attributing to it possesses
superior conductivity and can improve electrocatalytic oxida-
tion of phenolic hydroxyl especially for the polyhydroxy fla-
vone compounds [27, 28].

In this work, we combined the advantages of cMWCNTs,
polythionine and platinum nanoparticles through an electro-
static interaction between positive charge S* of polythionine
and negative charge -COO  of the cMWCNTs. In addition,
the existence of amine groups (—-NH,) on the conductive poly-
mers is beneficial to immobilize platinum nanoparticles [29].
Therefore, a three-layer nanocomposite including
cMWCNTs, polythionine and Pt NPs was constructed for
the simultaneously quantitative determination of rutin and
myricetin, demonstrated wide linear detection ranges and
low detection limits. Finally, the nanocomposite sensor was
successfully applied to the real samples detection and got a
satisfactory result.

Experimental
Chemicals and reagents

Rutin (98%, analytical grade), thionine (98%, analytical
grade) and chloroplatinic acid hexahydrate (99.9%, analytical
grade) were purchased from J&K Chemical (Beijing,
China,www.jkchemical.com). Carboxylic multi-walled car-
bon nanotubes and myricetin (97%, analytical grade) were
purchased from Aladdin Chemical Reagent Co. Ltd.
(Shanghai, China,www.aladdin-e.com). All other reagents
were of analytical grade and used without further
purification. 1.0 mmol dm > rutin and 1.0 mmol dm™>
myricetin were dissolved in 50 mL absolute ethanol and
diluted with doubly distilled water to 100 mL, thus
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obtaining the stock solutions. Orange Juice was diluted with
BR buffer (pH = 5.0) as a real sample for analysis. Prior to use,
0.01 g of cMWCNTs was dispersed in 20 mL of doubly
distilled water and sonicated for 30 min to get a cMWCNTs
aqueous solution (0.5 mg mL™"). Britton—Robinson (BR)
buffer was prepared by mixing 0.04 mol dm > of boric acid
(0.618 g), phosphoric acid (680 nL) and acetic acid (572 pL)
in 250 mL doubly distilled water, and then adjusted to the
required pH with NaOH solution. All aqueous solutions were
prepared with doubly distilled water.

Fabrication of the cMWCNT@pTh@Pt nanocomposite
sensor

A novel electrochemical synthesis strategy was used in the fab-
rication of the nanocomposite electrochemical sensor in
Scheme 1. Prior to electrode modification, a bare glassy carbon
electrode (3 mm in diameter) was firstly polished with 0.3 pm
alumina powders, and then successively polished with 0.05 um
alumina powders. After polishing, the bare GCE was rinsing
with absolute alcohol and doubly distilled water in an ultrasonic
bath, and then was dried in nitrogen stream. 5 pL of
0.5 mg mL~' ¢cMWCNTSs aqueous solution was dropped onto
the bare GCE surface, and then dried at room temperature, thus
obtained cMWCNT/GCE. The electropolymerization of thio-
nine was performed in 0.2 mmol dm > thionine containing
0.1 mol dm > H,SOy, solution by cyclic voltammetry at a scan
rate of 50 mV s ' between —0.4 V and +0.8 V for 20 cycles.
After electropolymerization, a potentiostatic deposition method
was used to obtain Pt nanoparticles in 0.2 mmol dm > H,PtCl,
solution containing 0.5 mol dm™ H,SO,, where a constant po-
tential of —0.3 V (vs. Ag/AgCl) was applied to electrodeposite Pt
NPs on the surface of polythionine for 200 s.

Apparatus and method

Cyclic voltammetry (CV), electrochemical impedance spec-
troscopy (EIS) and differential pulse voltammetry (DPV) ex-
periments were performed on a CHI 660E electrochemical
workstation (Chenhua, Shanghai, China), a three-electrode con-
figuration was used in all electrochemical experiments. In the
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Scheme 1 Fabrication of cMWCNT @pTh@Pt nanocomposite sensor

process of electrodeposition of Pt NPs, Ag/AgCl electrode was
used as the reference electrode. While in the electrochemical
measurements, saturated calomel electrode (SCE) was used as
reference electrode, GCE was used as working electrode, plat-
inum wire was used as counter electrode. If not mention, the
potentials were all respect to SCE. For differential pulse volt-
ammetry, amplitude was 0.05 V, pulse width was 0.05 s,
pulse period was 0.5 s, increment was 0.005 V, potential
range was from —0.1 V to 0.65 V. EIS measurement was
measured at 5 mmol dm > of K5[Fe(CN)g)/Ka[Fe(CN)g] so-
lution containing 0.1 mol dm> of KCI with a frequency
range from 0.1 Hz to 100 kHz and 50 mV amplitude. Field
emission scanning electron microscope (FE-SEM; Zeiss Ultra
55, Germany) was used to characterize the surface morphol-
ogy of the modified electrodes. The working solution was
deaerated with N, for 15 min before the electrochemical
measurements.

Results and discussion
The choice of materials for sensor preparation

The same as the conventional carbon nanomaterials (graphene,
carbon quantum dots and carbon fiber), MWCNTs also have
the advantages of excellent conductivity, large surface area and
low toxicities. In addition, MWCNTSs are multi-layer hollow
and crooked tubular structure, which make MWCNTs possess
more defects sites than other carbon nanomaterials. A large
number of defect sites on MWCNTs will promote the
functionalization of carboxyl groups. The pTh not only pos-
sesses good conductive ability like other common conductive
polymers (polyaniline, polypyrrole and polythiophene), but al-
so can serve as an electron mediator to promote the transfer rate
of charges. In order to further improve the electrochemical per-
formances of the cMWCNT @pTh nanocomposite, Pt NPs

were introduced to promote electrocatalytic oxidation of
myricetin and rutin, which also show more excellent electrocat-
alytic performance than other noble metal nanoparticles (gold
and silver). Therefore, a three-layer nanocomposite including
cMWCNTs, pTh and PtNPs was constructed electrochemical
sensor for sensitive detection of myricetin and rutin.

Morphology and electrochemical characterization
of the nanocomposite

Figure 1 Al and A2 depicted SEM images at low and high
magnification of the cMWCNTSs, one-dimensional structure of
cMWCNTs was easily observed on the electrode surface.
However, when the polythionine was electropolymerized to
the surface of cMWCNTs, three-dimensional structure of nano-
composite was formed. The cMWCNTs was coated by
polythionine, a clear view of the polymer layer with a rough
surface was obvious observed for cMWCNT @pTh nanocom-
posite in Fig. 1 Bl and B2. Subsequently, after the
potentiostatic deposition of Pt NPs, Pt NPs were highly uniform
distributed on the surface of polythionine (Fig. 1 C1 and C2).
Therefore, three-dimensional cMWCNT@pTh@Pt nanocom-
posite was successfully fabricated by a layer-by-layer electro-
chemical synthesis strategy.

Figure 2a shows the cyclic voltammograms of different
modified electrodes in 5.0 mmol dm > K4[Fe(CN)g]/
K;5[Fe(CN)g] solution containing 0.1 mol dm > KCI. The
redox-label [Fe(CN)g]*"* displayed a reversible CV curve
at the bare GCE. Obviously, after modification with
polythionine and Pt nanoparticles successively, both the oxi-
dation and reduction peaks current increased successively, in-
dicated that both polythionine and Pt NPs can improve the
electron transfer rate between electroactive species in solution
and electrode surface. Figure 2b shows the EIS plots of dif-
ferent electrodes. A small semicircle at high frequencies was
observed at the bare GCE. When cMWCNTs
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Fig. 1 SEM images at low and
high magnification of cMWCNT/
GCE (A1-2), cMWCNT @pTl/
GCE (B1-2) and
cMWCNT@pTh@Pt/GCE (C1-2)

was modified on the GCE surface, it displayed a straight line
in the Nyquist plot. The decrease of impedance was owing to
the cMWCNTs can greatly enhance the electron transfer for
[Fe(CN)]* " probe [30, 31]. After modified the pTh and Pt
NPs, the Nyquist plot still present a straight line, which dem-
onstrated the modified electrode have an excellent electron
transfer performance. Therefore, both the SEM images and
electrochemical characterization proved the successfully fab-
rication of cMWCNT @pTh@Pt nanocomposite sensor.

Electrochemical behavior of myricetin and rutin

The electrochemical behavior of myricetin and rutin at bare
GCE, cMWCNT/GCE, cMWCNT@pTh/GCE, and
cMWCNT@pTh@Pt/GCE were investigated by
background-subtracted DPV in BR buffer (pH = 5.0) contain-
ing 0.5% ethanol. As shown in Fig. 3, compared with bare
GCE, cMWCNT/GCE, and CMWCNT@pTh/GCE, two
well-defined oxidation peaks of myricetin and rutin are

Fig. 2 a CVs and (b) EIS of bare a b
GCE, cMWCNT/GCE, 150 —— csMWCNT@pTh@PYGCE = cMWCNT@pTh@PYGCE
eMWCNT@pTh/GCE and S P avaree
cMWCNT@pTh@P/GCE in Bare GCE o Bare GCE .
5.0 mM [Fe(CN)s]* " containing < 100 v
0.1 M KClI =1 0 9 "Iv.v
~ ue Vv
= =507 [—qu 50 v' oo '..
-100 ’ R
-150 0
-0.2 0.2 0.4 0.6 50 100 150 200 250
E/V VANKS)
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Fig. 3 Background-subtracted DPVs of 10 pmol dm > myricetin and
10 pmol dm > rutin at bare GCE, cMWCNT/GCE, cMWCNT@pTh/
GCE and cMWCNT @pTh@Pt/GCE in BR buffer (pH =5.0)

respectively presented at 0.16 V and 0.34 V on the
cMWCNT@pTh@Pt/GCE, which are well distinguished
with each other and the potential differences are large enough
to simultaneous determine the myricetin and rutin. Moreover,
oxidation peaks current of myricetin and rutin on
cMWCNT@pTh@Pt/GCE were much stronger than
cMWCNT/GCE and cMWCNT@pTh/GCE. The electro-
chemical surface area can be calculated from the Randle—
Sevcik equation: 7, =2.69 x 10° AD"n*?y'C [32]. Here,
A is the surface area of the electrode (cm?), n is the number of
electrons involved in the redox reaction, D is the diffusion coef-
ficient of the molecule in solution (6.67 X 10° em? s™! for ferri-
cyanide), C is the concentration of ferricyanide and v is the scan
rate. The surface arca of cMWCNT/GCE, cMWCNT@pTh/
GCE and cMWCNT@pTh@Pt/GCE are calculated as
0.2046 cm?, 0.2079 cm? and 0.2323 cm?, which are higher than
the surface area of the bare GCE (0.0707 cm?). In Fig. 3, the
current responses of myricetin and rutin on cMWCNT/GCE,
cMWCNT@pTh/GCE and cMWCNT @pTh@Pt/GCE are
10.67 pA and 15.84 pA, 13.27 pA and 19.79 upA, 1541 pA
and 23.39 pA, respectively. Therefore, the electrochemical sen-
sitivity of the myricetin on cMWCNT/GCE, cMWCNT @pTh/
GCE and cMWCNT@pTh@Pt/GCE are calculated as 5.215,
6383 and 6.634 pA uM ' cm >, The sensitivities of the rutin
on cMWCNT/GCE, cMWCNT@pTh/GCE and
cMWCNT@pTh@Pt/GCE are calculated as 7.742, 9.519 and
10.07 pA pM ' cm 2. In summary, the cMWCNT@pTh@Pt/
GCE is the highest sensitivity for simultaneous determination of
myricetin and rutin.

These results attribute to the synergistic effect among
cMWCNTs, pTh and Pt NPs: cMWCNTs as a good signal
amplifier possess excellent conductivity, which can be eas-
ily combined by the thionine through an electrostatic inter-
action between positive charge S* of polythionine and neg-
ative charge —COO™ of the cMWCNTs. Furthermore, the
amine groups (—NH,) of the conductive polymers is bene-
ficial to electrodeposit Pt NPs. Therefore, such a three

dimensional sandwich structure can combine the electro-
chemical signal amplification ability of cMWCNTs and
fast charge transfer performance of polythionine, which
have a synergistic promoting effect for the platinum nano-
particles to electrocatalytic oxidation of myricetin and ru-
tin. Therefore, the cMWCNT @pTh@Pt nanocomposite
sensor can be successfully applied in simultaneous deter-
mination of myricetin and rutin.

The optimal conditions of myricetin and rutin
detection

The effects of electropolymerization cycles of polythionine
and electrodeposition time of Pt NPs for the simultaneous
determination of 10 pumol dm > myricetin and rutin in BR
buffer (pH =5.0) were investigated by DPV. As shown in
Fig. S1A (Electronic Supplementary Material), the oxida-
tion peaks current of myricetin and rutin are attained the
maximum at 20 cycles, which was chosen as the optimal
electropolymerization cycles in subsequent determination.
As shown in Fig. S1B, the maximum of oxidation peaks
current of myricetin and rutin emerge at the 200 s.
Therefore, Pt electrodeposition time of 200 s was used in
latter experiments.

The effect of solution pH values on the electrochemical
responses of myricetin and rutin at the cMWCNT@pTh@Pt
nanocomposite sensor was investigated with the pH range
from 3 to 8 by DPV (Fig. 4a, b). In Fig. S1C, the maximum
oxidation peaks current of myricetin and rutin emerge at the
pH 5.0, which is chosen as the optimal working pH in the
following measurements. Furthermore, the peak potentials
and pH of solution showed linear relationships (Fig. 4c),
with the regression equations expressed as: Ep, =
—0.0684pH +0.5389 (R =0.9978) and E,, =—0.0623pH +
0.6796 (R =0.9996) for myricetin and rutin respectively.
Moreover, the slopes of the Ey,—pH plots are 68.4 mV/pH
and 62.3 mV/pH, all close to the theoretical value of
59.2 mV/pH, indicating the numbers of transferring electron
and proton involved in the electrode reaction are same. The
corresponding reaction mechanisms [4, 12] for myricetin
and rutin are shown in Scheme S1.

The effect of scan rate

In Fig. S2A and 2B, CVs of 10 pmol dm ™ myricetin and rutin
in BR buffer (pH =5.0) were respectively recorded in various
scan rates ranging from 30 to 300 mV s ! on
cMWCNT @pTh@Pt nanocomposite sensor. As shown in Fig.
S2C and 2D, both the oxidation peaks current of myricetin and
rutin presented linear relationships with the square root of the
scan rates, where the linear regression equations were expressed
as I, (nA)=2.221v"2 mV s)"*10.15 (R =0.9983) and I,

(LA) =2.546v"? (mV s ")"*-11.27 (R =0.9987) respectively.
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Fig. 4 Background-subtracted b
DPVs of 10 pmol dm ™ myricetin 20 —pH=3 25 —pH=3
(a) and rutin (b) in BR buffer pH=4 pH=4
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These results demonstrated that the electrochemical redox pro-
cess of myricetin and rutin are typical diffusion controlled pro-
cess, and indicated the myricetin and rutin are quickly oxidized
and reduced on the nanocomposite sensor.

Quantitative determination of myricetin and rutin

In Fig. 5a, the individual quantitative determination of
myricetin was performed by DPV at different concentrations
of myricetin in BR buffer (pH = 5.0) with the presence of 0.5
pmol dm™ rutin. As shown in Fig. 5b, there are two different
detection ranges for myricetin in 0.01-1 umol dm > and 1—
15 umol dm >, and the linear regression equations are I,
(LA)=5.227¢c (umol dm ) +1.039 (R =0.9945) and I,
(LA) =0.9343¢ (umol dm ) +5.478 (R =0.9915), respec-
tively. Fig. 5c showed DPVs observed at different concentra-
tions of rutin with the presence of 0.5 umol dm > myricetin.
The oxidation peak current of rutin increase linearly with con-
centration ranges of 0.01-1 umol dm > and 1-15 umol dm>
in Fig. 5d, and the linear regression equations are /, (LA) =
8.989¢ (umol dm ) +0.8965 (R =0.9974) and I, (LA)=
1.545¢ (umol dm ) + 8.496 (R = 0.9947), respectively.

The simultancous quantitative determination of
myricetin and rutin was performed by DPV under opti-
mal conditions. Fig. 5e shows the DPVs of myricetin
and rutin under different concentrations. There are two
different detection ranges both observed for myricetin
and rutin in 0.01-1 pumol dm™> and 1-15 pmol dm>
(Fig. 5f, g), and the linear regression equations of high
concentration (1-15 pmol dm ™) for myricetin and rutin
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are expressed as [, (LA)=0.9726¢ (umol dm?)
+5.3914 (R =0.9938) and I, (pA)=1.627c
(umol dm>)+7.189 (R =0.9975), respectively. And
the linear regression equations of myricetin and rutin
in the low concentration (0.01-1 pmol dm™>) are I,
(LA) =5.288¢c (umol dm )+ 0.4848 (R =0.9946) and
I, (nA) =7.897¢c (umol dm™>)+0.7703 (R =0.9935) re-
spectively. Based on the signal-to-noise ratio of 3 (S/
N =3), the detection limits for myricetin and rutin are
calculated to be 3.8 nmol dm > and 1.7 nmol dm > (S/
N=3) respectively. At low concentrations of myricetin
and rutin at the electrode surface, which were rapidly
depleted and converted into products by electrocatalytic
oxidation, this resulting in a high sensitivity of the elec-
trode response and a bigger slope of linear equation.
While at high concentrations, the electrochemical reaction
process of myricetin and rutin at electrode surface needs a
longer time. And the possibility of the electrode surface
was polluted by the reaction products, results in a small
slope of the linear equation. Therefore, the nanocomposite
sensor exhibited tow different linear ranges at different
concentration ranges. And the slope of the linear equation
at low concentration ranges was used to calculate the
LOD values.

Compared with reported electrochemical sensors for
determination of myricetin or rutin (Table 1), the new
sensor can realize the simultaneous determination of
myricetin and rutin, presented a wider linear detection
range with a lower detection limit, which can be attrib-
uted to its excellent conductivity, high catalytical
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Fig. 5 a Background-subtracted DPVs of myricetin at different concentra-
tions (0.01-15 pmol dm>) in BR buffer (pH = 5) with the presence of 0.5
pmol dm > rutin at the cMWCNT@pTh@PY/GCE. b Linear relationship
between oxidation peak current and concentration of myricetin. ¢
Background-subtracted DPVs of rutin at different concentrations (0.01—
15 umol dm™) in BR buffer (pH = 5) with the presence of 0.5 pmol dm™

performance and large electrochemical active surface. In
addition, the fabrication of our nanocomposite sensor
was more controllable and convenient through the strat-
egy of electrochemical synthesis.

8 10 12 14 16

myricetin at the cMWCNT @pTh@Pt/GCE. d Linear relationship between
oxidation peak current and concentration of rutin. e Background-subtracted
DPVs of myricetin and rutin at different concentrations both from 0.01 to
15 umol dm * in BR buffer (pH = 5.0) at MWCNT@pTh@Pt/GCE. And
the corresponding linear relationships of oxidation peaks current for
myricetin (f) and rutin (g) with different concentrations

Selectivity, reproducibility and stability

In order to evaluate the selectivity of the cMWCNT @pTh@Pt
nanocomposite sensor, the possible interferences from various

@ Springer
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Table 1 Comparison of detection

performances with other reported Electrode Method  Linear range Limit of detection =~ Reference
sensors for the determination of (umol dm ™) (nmol dm )
myricetin or rutin
Cu-CS/MWCNTs/GCE DpPV Myricetin: —— - [33]
Rutin: 0.05-100 10
MIP/GO-MWCNTs/GCE DPV Myricetin: - [17]
Rutin: 0.01-1 5
PSSA/CNTs/MBT/Au/GCE DpPV Myricetin: —— - [34]
Rutin: 0.8-10 1.8
AuNPs/MWCNTs/GCE SWV Myricetin: 0.05-40 12 [11]
Rutin: —— -
(-CD-Au@PTCA-SWCNHs/GCE DPV Myricetin: 0.01-10 3.8 [12]
Rutin: 0.01-10 44
Polyfurfural film/GCE DPV Myricetin: 0.05-10 10 [4]
Rutin: 0.001-10 0.025
cMWCNT@pTh@Pt/GCE DPV Myricetin: 0.01-15 3.8 This work

Rutin: 0.01-15 1.7

100-fold inorganic compounds and 10-fold organic compounds
have been investigated by DPV in this work. As indicated in
Table 2, there are not obvious signal changes of the oxidation
peaks current for myricetin and rutin, demonstrates that the
nanocomposite sensor is suitable for the simultaneous determi-
nation of myricetin and rutin with superior selectivity.
Moreover, we have ever tried to study the effect of much higher
concentration of organic interferences like ascorbic, L-cysteine,
citric acid and glucose, which caused obvious influence for the
detection of target analyte. Actually, some flavonoids have sim-
ilar chemical structure with myricetin and rutin, resulting in an
indistinguishable redox peak potential and large interference.

Table 2  Effects of various possible interferences on the oxidation
peaks current signal of 10 umol dm > myricetin and rutin in BR
(pH=5.0) solution at cMWCNT@pTh@Pt nanocomposite sensor.
Sample responses are expressed as a confidence interval of 95%
probability (n=3)

Interference Concentration Current signal change (%)
(mmol dm>)
Myricetin Rutin

CaCl, 1 1.98+0.16 1.094+0.28
K;PO4 1 -1.81+£0.26 —2.03+0.31
MgSO, 1 —0.08+0.08 3.02+0.42
NaHCO; 1 —0.12+0.14 —0.46+0.14
Zn(Ac), 1 1.40+0.19 -3.13£0.28
H,0, 1 —4.02+0.44 1.59+0.21
Citric acid 0.1 2.53+0.22 -3.36+£0.33
Ascorbic acid 0.1 -3.13+0.14 —4.06+0.56
Uric acid 0.1 -4.46+0.25 3.40+0.21
Glucose 0.1 —3.79+0.41 —3.91+0.34
Tartaric acid 0.1 441+0.26 2.77+0.14
Cystine 0.1 —4.17+0.37 1.15+£0.09
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For example, we have ever tried to simultaneous distinguish
the peak potential of quercetin, myricetin and rutin through an
electrochemistry method but failed.

Reproducibility of the electrochemical sensors is another
significant factor in their practical applications. To investi-
gate the reproducibility of nanocomposite sensor, five mod-
ified electrodes were fabricated and applied to the simulta-
neous determination of myricetin and rutin under the same
conditions. The relative standard deviation (RSD) of the
oxidation peaks current of myricetin and rutin were calcu-
lated to be 3.13+0.49% and 1.45+0.39% for myricetin
and rutin respectively, confirmed satisfactory reproducibili-
ty. The stability was evaluated after the sensors were stored
at 4 °C in a refrigerator for 1 month. The oxidation peaks
current of myricetin and rutin still retained 91.2 and 95.9%
of their initial responses respectively, indicating excellent
stability. Therefore, with excellent selectivity, reproducibili-
ty and stability, the sensor is promising for the simulta-
neous determination of myricetin and rutin.

Analytical application for real samples

The analytical reliability and application potential of the
cMWCNT@pTh@Pt nanocomposite sensor was evaluated
by real samples detection in this work. As active components,
myricetin and rutin are often added into juice to make them
possess healthy function [2]. Therefore, orange juice samples
were chosen as real samples for simultaneously quantitative
analysis through a standard-addition technique, and three par-
allel experiments were performed on all determinations. The
results were shown in Table 3, the average recoveries of
myricetin and rutin were between 92.2 and 100.4%, and the
RSD values were less than 6.2%, suggesting that the sensor
can be successfully applied for the simultaneous determina-
tion of myricetin and rutin in real samples.
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Table3  The recovery of myricetin and rutin in real orange juice samples
Added Fround® Recovery (%) RSD (%)
(pmol dm™) (pumol dm™)
Myricetin 0.5 0.50+0.06 100.4 6.1
1 0.98+0.01 98.0 4.7
5 4.82+0.11 96.4 6.2
10 9.28+0.24 92.8 59
Rutin 0.5 0.46+0.03 92.2 2.8
1 0.97+0.07 97.0 45
5 4.84+0.14 96.8 3.6
10 9.59+0.34 95.9 5.0

#Sample responses are expressed as a confidence interval of 95%
probability (n =3)

Conclusions

In summary, a novel cMWCNT @pTh@Pt nanocomposite
sensor based on electrochemical synthesis strategy was
fabricated for simultaneous determination of myricetin
and rutin. Such a three-dimensional nanocomposite ex-
hibits excellent electrocatalytic ability for the sensitive de-
tection of myricetin and rutin due to the synergetic effects
of cMWCNT (superior electrical conductivity), pTh (ex-
cellent electron transfer mediator) and Pt (good electrocat-
alytic performance). However, the preparation of complex
and expensive nanomaterials limits its practical applica-
tion. The synthesis strategy of this nanocomposite sensor
need to be further optimized for the economic detection of
myricetin and rutin in practical sample analysis.
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