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Abstract A new, simple, and low-cost voltammetric sensor
was designed by covering a layer of graphene oxide/chitosan
(GO—Cs) nanocomposite on a glassy carbon electrode (GCE).
The synthesized GO nanosheets and GO—Cs nanocomposite
were characterized by different techniques such as Fourier
transform infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM), and transmission electron microscopy
(TEM). The electrochemical behavior of rutin at the modified
electrode was investigated, and the results demonstrated that
the GO—Cs nanocomposite film could remarkably increase the
redox peak current of rutin. The effects of supporting electro-
lyte, pH, accumulation parameters, and interference on the
response of rutin were studied. Using differential pulse volt-
ammetry (DPV) under optimized conditions, the analytical
curve was linear in rutin concentration range from 0.9 to
90 umol/L with a detection limit of 0.56 pmol/L. The GO-
Cs/GCE exhibited good selectivity and sensitivity for the de-
termination of rutin content in real samples with satisfactory
results.
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Introduction

Flavonoids are an important group of secondary metabolites
and bioactive compounds in plants and well-known natural
antioxidants in human diets (Kim et al. 2003). They are a kind
of natural polyphenolic substances capable of scavenging free
superoxide radicals. Hence, these compounds can effectively
inhibit lipid peroxidation and prevent carbohydrates, proteins,
DNA, and cells from oxidative damage (Wu et al. 2008).
Flavonoids can be divided into various classes on the basis
of their molecular structure. The most common classes are the
flavones, flavonols, flavanones, catechins, isoflavones, and
anthocyanidins. Rutin (3,4,5,7-tetrahydroxyflavone-3-d-
rutinoside), also called rutoside, quercetin-3-O-rutinoside,
and sophorin, is one of the most bioactive flavonoids. It is a
citrus flavonoid glycoside between the flavonol quercetin and
the disaccharide rutinose that for the first time was isolated
from orange and designated as vitamin P (Nijveldt et al.
2001). Rutin is found in many fruits including orange, lemon,
apple, berries, and grapes (Hékkinen et al. 1999; Anttonen
et al. 2006). In vitro studies showed that rutin has several
pharmacological functions such as antioxidant (Boyle et al.
2000), antithrombotic (Sheu et al. 2004), cytoprotective
(Potapovich and Kostyuk 2003), vasoprotective (Tang et al.
2011), and cardioprotective activities (Ziaee et al. 2009).
Thus, it is very important to develop simple, sensitive, and
accurate analytical methods for detection and quantitation of
rutin in plant sources and pharmaceutical samples. Many an-
alytical methods have been developed for this purpose, includ-
ing high-performance liquid chromatography (Brolis et al.
1998; Ishii et al. 2001), capillary electrophoresis (Chen et al.
2000; Chen et al. 2001), chemiluminescence (Song and Wang
2001), sequential injection analysis (Legnerova et al. 2003),
spectrophotometric (Leng et al. 2013), and electrochemical
methods (Yin et al. 2011; Liu et al. 2013; Miao et al. 2014).
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Compared with other methods, electrochemical methods are
characterized by portability, simplicity, minimal cost, and
short analysis time (Zhu et al. 2010; de Oliveira et al. 2006).
Furthermore, due to the fact that rutin is an electroactive spe-
cies, considerable efforts have been devoted to develop
voltammetric methods for its determination in the recent
years. Various working electrodes, including glassy carbon
electrode (GCE) (Hendrickson et al. 1994a, b; Hendrickson
etal. 1994a, b), poly(vinylpyrrolidone)-modified carbon paste
electrode (Franzoi et al. 2008), ionic liquid-modified carbon
paste electrode (Sun et al. 2008), DNA-modified carbon paste
electrode (Wang et al. 2010), and single-walled carbon
nanotube-modified gold electrode (Zhang et al. 2007), had
been used for the electrochemical determination of rutin.
Because of production of passivating polymeric film at bare
solid electrodes and decrease of sensitivity and selectivity,
electrochemical determination of rutin on unmodified elec-
trodes such as GCE and carbon paste electrode is limited
(Pmnar et al. 2013). Therefore, a large number of papers in
the literature involve the use of modified electrodes (Freitas
et al. 2009; Franzoi et al. 2009). Recently, chemically modi-
fied electrodes have attracted a lot of attention due to the
possibility of modifying the electrode surface including poly-
mer coating, composite generation, and so forth. And the sen-
sitivity, selectivity, and operational stability of electrochemical
analysis can be enhanced using these electrodes (Fatibello-
Filho and Vieira 2000; Ferreira Batista et al. 2010). To our
knowledge, no study related to the determination of rutin
using a graphene oxide-chitosan film-modified electrode has
appeared in the literature.

Graphene oxide (GO), an important derivative of graphene,
is a two-dimensional sheet-shaped carbon nanostructure that
has large amount of oxygen functional groups (hydroxyl, car-
boxyl, and epoxy groups) on its basal plane and edges. It is
considered as a special and new material possessing a high
area to volume ratio, violent charge transport, and good elec-
trocatalytic properties (Jang et al. 2013; Mani et al. 2013). In
addition, due to the presence of the oxygen functionalities,
GO shows excellent hydrophilicity and is relatively easily
dispersed in water and other organic solvents as well as in
different matrixes (Yang et al. 2014). This remains as a very
important property when mixing it with polymer matrixes and
trying to further improve its chemical, physical, and electrical
properties. These novel properties can be made GO greatly
promising for the various applications such as sensors
(Sharma et al. 2013; Balapanuru et al. 2010), high functional
batteries (Rao et al. 2011), solar energy system (Zhu et al.
2011), and highly sophisticated microelectrical devices (Jin
et al. 2009).

Chitosan (Cs) is a polysaccharide comprising copolymers
of glucosamine and N-acetylglucosamine and obtained from
marine chitin. It contains large groups of -NH, and —OH and
is soluble in aqueous acidic media at pH <6.5. The Cs can

adhere to negatively charged surfaces or adsorb negatively
charged materials when dissolved and carried with the posi-
tive charge of —-NH; ™ groups (Kang et al. 2009; Xu etal. 2001,
Jiang et al. 2005). It is commonly used to disperse
nanomaterials and as a modifying reagent to prepare modified
electrode due to its excellent capability for film formation,
non-toxicity, easy-handling, cheapness, and high mechanical
strength (Kang et al. 2009).

In the present work, a simple, low-cost, and practical ana-
lytical approach is illustrated on determination of rutin in pis-
tachio and five fruit samples. A modified GCE with hybrid
nanocomposite of GO—Cs was used for this task. The excel-
lent properties of GO—Cs nanocomposite film effectively fa-
cilitate the adsorption of rutin on the surface of the modified
electrode and improve sensitivity in the determination of this
flavonoid in real samples.

Experiment
Reagents and Solutions

All the chemicals were of analytical reagent grade and used as
received without further purification. Chitosan was obtained
from Sigma-Aldrich Chemical Co. Rutin, graphite powder
(99.999% purity, —200 mesh), ethanol (99.9% v/v), potassium
chlorate, fuming nitric acid (90% w/w), and glacial acetic acid
were purchased from Merck (Darmstadt, Germany). Aqueous
solutions were prepared with citrate buffer solution (CBS)
0.1 mol/L (pH 4.5) by mixing solutions of 0.1 mol/L sodium
citrate and 0.1 mol/L citric acid. The stock solution of rutin
(1 mmol/L) in ethanol/NaOH (50% v/v) was prepared daily
and just before use. Double-distilled water was used for the
preparation of all the solutions.

Apparatus

The electrochemical measurements were performed with an
Autolab PGSTAT 30 electrochemical analyzer (Eco Chemie
BV, Utrecht, the Netherlands). All electrochemical studies
were performed at 25 = 1 °C. Three-electrode cell systems
were used to monitor the cyclic and differential pulse voltam-
mograms. A saturated Ag/AgCl electrode, a platinum wire,
and a modified GCE were used as the reference, auxiliary,
and working electrodes, respectively. All the pH solutions
were measured via the Metrohm pH meter (model 827,
Swiss made). Scanning electron microscope (SEM) images
were obtained with LEO 1430VP. A model CM10 transmis-
sion electron microscope (TEM; Philips) was used to charac-
terize the morphology and size of the GO nanosheets. Fourier
transform infrared (FT-IR) spectra of GO, Cs, and GO-Cs
nanocomposites were obtained using a Shimadzu 8900 spec-
trometer. All UV-Vis absorption spectra of the samples were

@ Springer



2334

Food Anal. Methods (2017) 10:2332-2345

recorded using a Biochrom WPA Biowave II UV-Vis spectro-
photometer in the range of 200-900 nm.

Synthesis of GO

GO was synthesized based on our previous report (Arvand
and Gholizadeh 2013). In brief, 1.0 g of pure graphite and
8.0 g of potassium chlorate were mixed in 20 mL of fuming
nitric acid at room temperature without subsequent aging and
stirred for 24 h. The following processes such as washing,
filtration, and cleaning were carried out as in Brodie method.
The obtained graphite oxide was dispersed in aqueous NaOH
solution (pH 10) with a certain concentration and subsequent-
ly sonicated to obtain GO. After ultrasonication, samples were
immediately precipitated by a centrifuge at 14,000 rpm for
10 min and the GO nanosheets were extracted carefully.

Preparation of Modified Electrodes

Prior to the surface modification, the GCE was polished to
mirror-like surface with alumina powder and then washed
with 1:1 double-distilled water and ethanol in an ultrasonic
bath and dried in room temperature. At first, the Cs solution
(2.0% w/v) was prepared by dissolving 0.2 g of Cs in 10 mL
acetic acid (0.02 mol/L) and was stored in a refrigerator when
not in use. Of the GO suspension (1% w/v), 250 uL was mixed
thoroughly with 100 pL Cs solution. Next, 10 uL. of GO—Cs
dispersion was dropped on the surface of GCE and dried in air.
Finally, to get more uniform films, 7 puL of the above mixture
was again dropped onto the GCE surface, and then, the sol-
vent was allowed to evaporate at room temperature. To com-
pare with GO—Cs/GCE, GO/GCE was also fabricated accord-
ing to the same casting method.

Sample Preparation
Pistachio

Raw pistachio nuts, harvested in Damghan, Iran, were obtain-
ed from local market. They were dried at 37 °C overnight and
then pulverized in a mill within 15 min to a final fineness of
95% below 5 mm. Next, an accurate weight amount of the
powder (2.0 g) was added to 70% (v/v) ethanol (40 mL), and
the suspension was placed in an 80 °C water bath and the
solution was stirred for 3 h. After cooling, the mixture was
centrifuged for 5 min and filtered with Whatman filter paper.

Fruit Samples
Fruit samples including golden apple, red grape, sour cherry,
black mulberry, and strawberry were purchased from local

grocery stores in Rasht city and were utilized for production
of varietal juices. Each sample was crushed in mixer, and the
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obtained mixtures were consisted of juice, pulp, and skin. For
rutin extraction, 20 mL of each sample was added to 40 mL of
70% (v/v) ethanol and heated at 80 °C in water bath for 3 h
with regular swirling. Samples were removed from the water
bath and cooled to room temperature. The supernatant layer of
each sample was filtered through a paper filter into a vial and
stored at 4 °C in a refrigerator until analysis.

Electroanalytical and UV-Vis Spectrophotometric
Measurements

The analytical procedure mainly contains the following two
steps: accumulation of rutin at the proposed electrode surface
and determining step. The obtained results indicated that rutin
molecules could be completely removed from the electrode
surface in alkaline medium. This might be explained that al-
kaline environment could increase the solubility of rutin.
Therefore, after each measurement, the GO—Cs/GCE un-
dergoes five cyclic sweeps in 0.1 M NaOH to remove any
adsorbates and give a reproducible electrode surface. The
pulse amplitude of 0.025 V, pulse interval time of 0.5 s, and
scan rate of 0.01 V/s were selected as optimum instrumental
parameters for differential pulse voltammetry (DPV)
measurements.

UV-Vis spectra were measured at wavelengths ranging
from 200 and 900 nm immediately after preparation of the
solutions. Similar to other phenolic compounds, rutin shows
two absorption bands between 200 and 360 nm. The absor-
bance measurements were performed at 355 nm against the
0.1 M CBS as a blank solution in this work. Prior to the
analysis of the real samples, the calibration curve as absor-
bance vs. concentration was constructed to study the Beer-
Lambert’s law and regression equation for rutin.

Results and Discussion
FT-IR Characterization

Figure 1a shows the FT-IR spectra of GO nanosheets (a), Cs
(b), and GO—Cs nanocomposite (c). The spectrum of GO has
two characteristic peaks at 3439 cm ™' from hydroxyl group
and at 1636 cm ' from carbonyl group, which indicates the
presence of oxygen-containing functional groups and con-
firms the successful oxidation of graphite. Peak at
1462 cm ™' corresponds to skeletal vibrations from non-
oxide graphitic domains. The spectrum of GO—Cs nanocom-
posite shows the characteristic bands of the parent molecules.
Compared with the spectrum of Cs, the band corresponding to
the O—H and N-H stretching modes (3452 cm ') is broader
and shifts to a lower wave number (3400 cm ). These could
be ascribed to the synergistic effect of hydrogen bonding be-
tween GO and Cs, and electrostatic interaction between the
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Fig. 1 a FT-IR spectra of GO
(@), Cs (b), and GO—Cs (c) a a
nanocomposite; b SEM images of
GO nanosheets in scale of 3000
(a) and 300 nm (b), orderly; and ¢ -
TEM images of GO 1636 b
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NH;* groups of Cs and the negative charge on the surface of
GO, which prevented GO nanosheets from aggregation in Cs
solution and improved its chemical, physical, and electrical
properties (Yang et al. 2010; Feng et al. 2013).

Morphology of GO Nanosheets

The structural morphology of the GO nanosheets was exam-
ined by SEM and TEM. Figure 1b shows the typical SEM
images of GO with different magnifications. It is apparent that
GO nanosheets are flake-like with exposed sharp edges. The

edges are stabilized through a number of chemical function-
alities including hydroxyl and carbonyl groups that can under-
go redox reactions in solution (Notley et al. 2013). These
observations indicate that GO nanosheets were successfully
synthesized and can obviously improve the electrocatalytic
performance of the proposed electrode. Figure 1b also implies
that GO sheets form a porous network which increase the
effective surface area of the modified electrode and facilitate
the adsorption of analyte on the nanocomposite film.
Figure 1c exhibits two TEM images of GO nanosheets with
different magnifications. They show a wrinkled texture that
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was associated with the presence of flexible and ultrathin
nanosheets. These wrinkles may be important for maintaining
high surface area and for preventing aggregation of GO due to
van der Waals forces (Sun et al. 2013). And, from the SEM
and TEM images, it was concluded that the thickness of GO
nanosheets was lower than 60 nm.

Electrochemical Properties of Modified Electrodes

The electrochemical performance of GO/GCE and GO-Cs/GCE
were investigated using a solution of 5 mmol/L [Fe(CN)¢]> *~
redox probe at scan rate of 0.1 V/s. As can be seen in Fig. 2a, a
pair of redox peaks with A, of 0.290, 0.131, and 0.543 V were
observed at GO—Cs (dashed dotted line), GO (dotted line), and
bare (solid line) glassy carbon electrodes, respectively. The re-
duction in AE, value at GO-Cs/GCE clearly indicated the more-
reversible charge-transfer process of GO—Cs/GCE than GCE.
The anodic peak current (Z,,) of GO-Cs/GCE was found to be
8 and 20.5 times higher than GO modified and bare GCE, order-
ly, suggesting that GO—Cs/GCE exhibits faster electron-transfer
kinetics and larger electroactive surface area compared to GO/
GCE and GCE. Therefore, it can be concluded that GO and Cs
have synergistic effect. The effective surface area of the elec-
trodes was obtained by CV using the [Fe(CN)s]* ™~ redox sys-
tem. For a reversible process, the following Randles-Sevcik for-
mula can be used (Bard and Faulkner 2004):

I, = (2.69 x 10°) An*2D'2Cyu'/? (1)

where I, refers to the peak current (A), A is the surface area of
electrode (cm?), n = 1 for K3Fe(CN)g, D is the diffusion co-
efficient (7.6 x 10°® cm?/s), v is the scan rate (V/s), and Cj is
the concentration of K;Fe(CN)g in mol/L. The slope of 7, vs.
v"? plot was then used to calculate the surface area of bare and
modified electrodes, which were found as 0.01, 0.05, and
0.16 cm? for GCE, GO/GCE, and GO—Cs/GCE, respectively.
These results indicate a significant enhancement in surface
area after modification with GO—Cs nanocomposite. The high
specific surface area of GO and the unique properties of Cs
such as more effective distribution of GO nanosheets and
different GO flake arrangement in Cs solution were helpful
for promoting the electrochemical signals (Celiesitité et al.
2013; Banks et al. 20006).

Electrochemical Behavior of Rutin at Modified Electrode

Figure 2b shows the cyclic voltammograms of 100 pmol/
L rutin on different electrodes in CBS (pH 4.5). Both on
GO/GCE (curve a) and GO—Cs/GCE (curve b and inset), a
pair of well-defined redox peaks appeared, indicating that
the electrochemical reaction of rutin take place on these
electrodes. As shown in Fig. 2b, the cyclic
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voltammograms of rutin show a peak-to-peak separation
(AE,) of 0.122 and 0.051 V at the surface of GO/GCE and
GO-Cs/GCE, respectively. This observation suggests
faster electron transfer kinetics for rutin at GO-Cs
nanocomposite-modified electrode. The voltammograms
in Fig. 2b clearly depict that compared with GO—Cs/
GCE, GO/GCE did not show a considerable change in
the redox peak current, while its background current was
higher than that of the GO-Cs/GCE. These results indi-
cated that the improved electrochemical behavior of rutin
at GO-Cs/GCE mainly attributed to the synergistic effect
of GO and Cs. The synergistic effect occurred due to the
relatively high area to volume ratio and violent charge
transport properties of GO and some intermolecular interac-
tions between Cs and rutin such as hydrogen bonding (Feng
et al. 2013). As mentioned in the FT-IR Characterization, Cs
can interact with GO by formation of hydrogen bond and
electrostatic interaction, which resulted in the formation of a
stable GO film-modified electrode.

Effect of Scan Rate

The effect of scan rate on the electrochemical response of
100 pmol/L rutin at the GO—Cs/GCE was investigated by cy-
clic voltammetry (Fig. 3a). It can be seen that the redox peak
current increases linearly with the scan rate in the range of 0.01—
0.2 V/s. The linear regression equations /,, (LA) = 23.509v
(V/s) — 0.2055 (R* = 0.9982) and I (A) = 17.136v
(V/s) — 0.1549 (R* = 0.9980), respectively, implied that the
electrocatalytic reaction was adsorption controlled (Fig. 3b).
Furthermore, a plot of log peak current vs. log scan rate for
the anodic peak is also linear (Fig. 3b, inset a). The linear
equation can be defined as logl,,(LA) = 0.9246logv (V/s) +
1.3344. The value of'its slope (0.9246) is close to the theoretical
value of 1, which clearly indicates an adsorption-controlled
electrode process. Similarly, the redox potential had a linear
relationship with the logarithm of scan rate, and the regression
equations were Ep,(V) = 0.0526logr (V/s) + 0.4987 and
E (V) = 0.0254logv (V/s) + 0.4134 with R* = 0.9542 and
0.9858, respectively. According to the Laviron’s equation
(Laviron 1974), for an adsorption-controlled and quasi-
reversible interfacial reaction, the relationship between £,
and v is defined by the following equation:

2.303RT
Ep =K+

7(1—a)nF] logv (2)

where « is the charge transfer coefficient, v is the scan rate,
and X is a constant value. From the slope of £, vs. logv plot,
the value of (1-a)n was found to be 1.13. In order to obtain
charge transfer coefficient, the Tafel plot was drawn using the
rising part of the current—voltage curve of rutin monitored at
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Fig. 2 a Cyclic voltammograms a 250
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scan rate of 0.01 V/s (Fig. 3b, inset ). This part of voltam-
mogram, known as Tafel region, is affected by electron trans-
fer kinetics between rutin and GO—Cs/GCE. The slope of this
plot was 0.1176 V/decade that indicates a charge transfer co-
efficient of o = 0.497. Therefore, the number of electrons
involved in the electrode reaction was calculated to be 2.0.

Optimization of Measurement Parameters
Influence of Supporting Electrolyte and pH

According to previous studies, type of supporting electrolyte
and its pH play a key role in the voltammetric response of

E/Vvs. Ag/AgCl

rutin. To optimize the response of the proposed electrode,
various supporting electrolytes such as phosphate, acetate,
and citrate buffer solution (each 0.1 mol/L) were investigated
using cyclic voltammetry. The results showed that the GO-Cs
nanocomposite film has very low mechanical stability in ace-
tate buffer solution and the best waveform and maximum
redox peak currents were obtained using 0.1 M CBS solution.
The reason may be that the interaction between rutin and the
GO-Cs nanocomposite film was more favored in CBS.
Therefore, 0.1 M CBS was selected as the electrolyte for fur-
ther experiments.

The influence of pH on the voltammetric response of
100 wmol/L rutin was investigated in the pH range of 3.5 to
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Fig. 3 a Cyclic voltammograms a

of 100 wmol/L rutin in 0.1 mol/L
CBS (pH 4.5) on the surface of
GO-Cs/GCE at different scan
rates. b Linear relationship of 02V st
anodic and cathodic peak currents Svs
(1,) vs. scan rate. Inset a is the
relationship between the
logarithmic peak current and the
logarithmic scan rate for the
anodic peak. /nset b is the Tafel =]
plot derived from the current ~
potential curve recorded at scan 0.01
rate of 0.01 V/s
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6.0 (Fig. 4a). Variations of redox peak current with respect to
pH of the electrolyte are shown in Fig. 4b. As can be seen, the
peak current was increased gradually with increasing pH and
reached maximum value at pH 4.5. Further increasing the pH of
the buffer solution caused the redox peak current to decrease.
These phenomena might be due to the interaction between the
electrode surface and the analyte charges. At low pH value,
rutin has cationic form and the negative functional groups of
GO-Cs nanocomposite started attracting rutin cations to the
electrode surface. Above pH 4.5, the degree of protonation of
rutin was decreased. The decrease in rutin cations resulted in
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less interaction between it and nanocomposite film. On the
other hand, when pH varied from 3.5 to 6.0, the peak potential
of rutin redox shifted linearly to the negative direction, imply-
ing that protons took part in the electrode reaction (inset of
Fig. 4b). From the slopes of the E,—pH plots (0.0625 and
0.0487), it could be concluded that equal number of protons
and electrons is involved in the electrode reaction at the modi-
fied electrode. As mentioned in the section Effect of Scan Rate,
the number of electrons transferred in electrode reaction was 2.
Combining the former result that the identical number of pro-
tons and electrons were transferred in the electrochemical
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Fig. 4 a Cyclic voltammograms a
for GO—-Cs/GCE in 0.1 mol/L
CBS containing 100 pumol/L rutin
at different pH values of 3.5, 4.0,
4.5,5.0, 5.5, and 6 (scan rate
0.1 V/s). b Variations of redox
peak current (/,) with respect to
pH of the electrolyte. /nset is the
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reaction, the electrooxidation reaction of rutin belonged to a
two-electron and two-proton process, which is consistent with
the previous reports for it (Zhu et al. 2010; da Silva et al. 2012).

Effect of Accumulation Time and Accumulation Potential

Because the electrode reaction of rutin is an adsorption driven
process on the GO—Cs/GCE, two parameters of accumulation
step can improve the preconcentration of rutin on the electrode
surface and obviously enhance sensitivity. Therefore, the in-
fluence of accumulation time on the oxidation peak current of

pH

25 pumol/L rutin was studied at CBS (pH 4.5) using DPV
under open circuit conditions. The anodic peak current was
reached the maximum value after immersing GO—Cs/GCE
into solution after 25 s. Thus, the 25 s was chosen as the
optimal accumulation time for further study. At this accumu-
lation time, the effect of accumulation potential on the peak
current was investigated over the range of —0.2 to 0.15 V. The
peak current was increased gradually until accumulation po-
tential reached a value of —0.1 V and then decreased.
Therefore, the accumulation step in the experiments was per-
formed at —0.1 V for 25 s.
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Fig. 5 DPVs obtained at the 1
GO-Cs/GCE for rutin (CBS, pH
4.5) at different concentrations
from 0.9 to 90 umol/L. Inset is the
calibration curve of rutin

90 uM

0.8

Analytical Performance

Under optimized conditions, the relationship between the
anodic peak current and the concentration of rutin was
studied using DPV (Fig. 5). The proposed sensor shows
a linear response toward rutin in the concentration range
from 0.9 to 90 umol/L (inset of Fig. 5). This linear rela-
tionship can be expressed according to the following
equation:

Ia = 0.0107C +0.0168  (R? = 0.9974) (3)

where 1, is the anodic peak current (LA) and C is the rutin
concentration (umol/L). The limit of detection (LOD) and

12
I,,=0.0107C+0.0168
R* = 0.9974
te]
0.9 - /
«
= o
E 06 -
03 -
o
0o & ; : .
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T T T

0.54 0.64 0.74 0.84
E/Vvs. Ag/AgCl

quantification (LOQ) were calculated using the following
equations:

3 10
LOD:i; _ 105
m

(4)

where Sy, is the standard deviation of the blank (five runs)
and m is the slope of the calibration curve. The proposed
method showed LOD and LOQ of 0.56 and 1.88 pmol/L,
orderly. The repeatability of this method was investigated
by relative standard deviation (RSD) of intra-day and
inter-day repeatability. The intra-day repeatability was es-
timated by assaying one GO-Cs/GCE for five replicate
measurements of 25 pwmol/L rutin under uniform condi-
tions, and the RSD value was calculated to be 1.81%. The

Table 1 Comparison of the

Linear range (umol/L) ~ LOD (umol/L)  References

proposed electrode with other Electrode Method

electrodes for the determination

of rutin SWCNTs/CILE DPV
Enzyme/Cs/CPE SWv
PVP/CPE LSV
CCEM-Cu(Il)-resin LSV
DMI'Tf;N-laccase/CPE~ SWV
HMDE DPV
GO-Cs/GCE DPV

0.10-800.00 0.07 Zhu et al. (2010)
0.30-7.20 0.02 de Oliveira et al. (2006)
0.39-13.00 0.15 Franzoi et al. (2008)
0.99-8.07 0.03 Freitas et al. (2009)
5.84-53.60 0.69 Franzoi et al. (2009)
0.20-1.40 - da Silva et al. (2012)
0.90-90.00 0.56 This work

CILE carbon ionic liquid electrode, CCEM carbon—composite electrode modified
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Table 2  Tolerance of interferences on the determination of rutin

Foreign species Tolerance level ratio

Mg?*, Na*, Ca**, and K* 500
Glucose and sucrose 200
Ascorbic acid 10
Quercetin 4

inter-day repeatability was also assessed using 25 pumol/L
rutin, but several measurements were made over 3 days,
yielding RSD value of 3.19%. The obtained results re-
vealed that this method has good repeatability. When
three GO—Cs electrodes fabricated by the same method
were used for the measurement of a 25 umol/L rutin so-
lution, the RSD of the peak current was 3.5%, which
indicates that he electrode has good reproducibility. A
comparison between the analytical performance of the
GO-Cs/GCE and some previous literature electrodes for
rutin determination was given in Table 1. As can be seen,
the proposed electrode showed a wide linear range and
comparable LOD than those obtained at several elec-
trodes. Although in reported methods lower LODs have
been reported, they used carbon nanotubes, ionic liquid,
and enzyme as enhancing agents. These are more complex
procedures compared to the method proposed in this
work, which has a good LOD without the use of a

compound of these classes. In addition, the fabrication
of proposed electrode was simple and fast, and it showed
high stability and remarkable voltammetric reproducibili-
ty. Furthermore, it is important to note that the analytical
parameters obtained in this work are sufficient to quantify
rutin in real samples, as will be presented in the
“Application” section.

Interference Test

It is well known that some coexistent interference substances in
real samples may influence the performance of a sensor.
Therefore, in order to evaluate the antiinterference ability of
the proposed sensor, the influence of foreign species such as
glucose, ascorbic acid, sucrose, quercetin, Mg**, K*, Na*, and
Ca®* on the determination of rutin (24.5 umol/L) was investi-
gated by DPV. The tolerance limit was set as the maximum
concentration of the foreign species, which caused an approx-
imately =10% relative error in the determination. The results are
presented in Table 2. As shown in this table, it can be seen that
fourfold excess of quercetin had no effect on the peak current of
rutin. Figure 6 demonstrates the DPV curves of 24.5 umol/L
rutin (a), the mixture of 90 umol/L quercetin and 24.5 pmol/L
rutin (b), and the mixture of 128 umol/L quercetin and
24.5 pumol/L rutin (c) in CBS (pH 4.5) on the modified sensor.
It can be seen that only one oxidation peak (at 0.44 V) was

Fig. 6 DPVs for rutin 2
(24.5 umol/L) and quercetin at
GO-Cs/GCE. The quercetin
concentrations in 0 (a), 90 (b),
and 128 umol/L (c). Other
conditions are the same as in
Fig. 3 1.54

I/nA

0.5+

0.36 0.41
E/Vvs. Ag/AgCl
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Fig. 7 DPVs obtained for a a

pistachio and b black mulberry 2
samples in CBS (0.1 mol/L, pH
4.5) before (dashed line) and after
spiking with different rutin
concentrations

1.54

I/pA
-

0.5

0-
0.3

1.4

19.23 uM

0.45 0.5
E/Vvs. Ag/AgCl

0.55 0.6

1.2

0.8

I1pA

0.6 -

0.4

0.2

33.17pM

observed in the absence of quercetin, which was attributed to
the oxidation of rutin. When quercetin was added, two anodic
peaks were achieved with the peak potential of 0.33 and 0.44 V.
The observed oxidation peak at 0.33 V is assigned to the oxi-
dation of quercetin since this peak increases while adding quer-
cetin standard solution. The peak-to-peak separation of querce-
tin and rutin was 0.11 V, which is enough for their simultaneous
electrochemical determination. However, the separation of two

@ Springer

0.55 0.6

0.45 0.5
E/Vvs. Ag/AgCl

anodic peaks will improved by optimization of the effective
experimental factors of mixed solution.

Application
In order to evaluate the validity of the proposed method, the

fabricated electrode was used to determine rutin concentration
in pistachio, golden apple, sour cherry, red grape, black
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Table 3  Results of rutin determination in real samples by DPV compared with spectroscopic method

Sample Rutin found t test” F test’
Present method® (g/uL) RSD (%) Reference method (g/ul) RSD (%)
Pistachio 467.1+1.7 0.4 1.5+462.7 0.3 34 1.3
Golden apple 623.6+£1.6 0.3 1.6 +618.5 0.3 3.9 1.0
Sour cherry 978.6+2.3 0.2 978.0 +1.7 0.2 0.4 1.8
Red grape 21353 +2.0 0.1 21410+ 1.8 0.1 3.7 1.2
Black mulberry 2206.4 +2.6 0.1 2213.7+2.5 0.1 35 1.1
Strawberry 1880.4 £2.5 0.1 1884.1 £ 2.4 0.1 1.9 1.1

ix =x £ Sy for n=3. S,denotes standard deviation
® Tabulated ¢ value for 2° of freedom at P value of 0.05 is 4.30
¢ Tabulated F value for 2, 2° of freedom at P value of 0.05 is 19.00

mulberry, and strawberry samples. A standard addition meth-
od was employed to evaluate the determination results.
Figure 7 shows the DPVs obtained for pistachio and black
mulberry samples in CBS (0.1 mol/L, pH 4.5), with different
rutin concentrations. As can be seen from Fig. 7a, a well-
defined peak at around 0.45 V was observed with the addition
of appropriate amount of the aqueous ethanolic extract of pis-
tachio, while two well-defined oxidation peaks appeared on
the modified sensor for black mulberry solution (Fig. 7b). It is
clearly shown that the observed oxidation peak at around
0.45 V is assigned to the oxidation of rutin since this peak
increases while adding rutin standard solutions. The obtained
results in above section suggested that the other oxidation
peak in DPVs of black mulberry sample may be correspond-
ing to the oxidation of quercetin. This finding confirms that
the proposed sensor can be successfully applied in the simul-
taneous determination of rutin and quercetin in real samples.
The results for detection of rutin in six samples are presented
in Table 3. As can be seen in this table, the accuracy of the
proposed method was compared to reference UV-Vis spectro-
photometric method. By evaluation of these results, it can be
concluded that the values obtained by the voltammetric meth-
od agree well with those acquired by the spectrophotometric
method. The statistical calculations indicate good agreement
between the mean values (¢ test) and precision (£ test) for the
two methods (for P = 0.05).

Conclusion

In this article, a new, simple, sensitive, and low-cost
voltammetric sensor, GO—Cs/GCE, was proposed with high
selectivity for rutin detection. GO has a large surface to vol-
ume ratio and high electron transmission rate, which improves
significantly the sensitivity of modified electrode. The results
indicate that Cs also plays an important role in forming a well-
dispersed GO suspension and can significantly increase the
adsorption of rutin on the surface of GO-Cs nanocomposite

film. Under the optimized conditions, the anodic peak current
was linear to rutin concentration in a wide linear range (0.9—
90 umol/L), and the detection limit was about 0.56 pmol/L.
Rutin content was successfully determined at this electrode in
pistachio and five fruit samples using DPV, and the obtained
results were in close agreement with those obtained using the
spectrophotometric method at a 95% of confidence level.
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