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of carbon black and reduced graphene oxide

Kannaiyan Pandian1
& Dhamodaran Mohana Soundari1 & Panneerselvam Rudra Showdri1 & Jayaprakash Kalaiyarasi1 &

Subash C. B. Gopinath2,3

Received: 1 November 2018 /Accepted: 25 November 2018 /Published online: 7 January 2019
# Springer-Verlag GmbH Austria, part of Springer Nature 2019

Abstract
Differential pulse voltammetry (DPV) was employed for the determination of caffeic acid (CA) in acidic solutions by using a glassy
carbon electrode (GCE) modified with a chitosan-protected nanohybrid composed of carbon black and reduced graphene oxide.
Electrochemical impedance spectroscopy and cyclic voltammetry were utilized to study the interfacial electron transfer on themodified
GCE. Cyclic voltammetry shows that CA exhibits a reversible redox reaction with an oxidation peak at + 0.30 V (vs. Ag/AgCl) and a
reduction peak at + 0.24V in pH 3.0 solution at a scan rate of 50mV·s−1. Under the optimized experimental conditions, the response to
CA is linear in 0.3× 10−9 to 57.3 × 10−5 M concentration range. The limit of detection is 0.03 × 10−9 M (at an S/N ratio of 3), and the
electrochemical sensitivity is 5.96 μA∙ μM−1∙cm−2. This sensor for CA displays better sensitivity and a response over a wider
concentration range. It was applied to the determination of CA at trace levels in various (spiked) wine samples.
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Introduction

Caffeic acid (3,4-dihydroxycinnamic acid) (CA), a phenolic
acid is present in fruits, grains, vegetables, wines, and coffee
[1–4]. CA is widely revealed in the areas of biochemistry and
medicine mostly the biological aspects including anti-inflam-
matory, anticancer, antipruritic, anticarcinogenic, immune
regulator, which have enthused the researchers to aim on the
electrochemical detection of caffeic acid [5–8]. Different ana-
lytical techniques have been developed to determine the CA,
including capillary electrophoresis [9], Gas Chromatography-
Mass Spectroscopy [GC-MS] [10], flow injection system [11],
and voltammetric method [12]. These above methods need
sophisticated facilities, highly skilled technicians for operating
this instruments and time-consuming process. Among all
these methods, the electrochemical methods are more
favoured due to exceptional sensitivity, low cost, good selec-
tivity, reliability, and its simplicity. Some of the polymers like
chitosan (Chit), pectin, alginate and cellulose acetate have
been widely utilized for the modified surface with the electro-
chemical analysis of the target in the occurrence of other in-
terfering compounds even in larger extent. In particular, chi-
tosan is a biodegradable polysaccharide and non-toxic [13]
and is utilized in gene delivery [14], food sector [15], and
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tissue engineering [16]. Further, the use of chitosan is to im-
prove the stability of nanomaterials and electrodes [17–19].
Graphene oxide (GO) has enormous attraction due to its out-
standing properties like high elasticity, quantum electronic
transport and high mobility [20]. Because of its high thermal
stability, electronic conductivity and excellent film-forming
properties, rGO has been utilized for the fabrication of elec-
trodes [21, 22]. Carbon black (CB) is an amorphous carbon
material which is made up of sp2 hybridized carbon atoms and
few sp3 carbon atoms. Filho et al., demonstrated the electro-
chemical sensor based on rGO/CB/chitosan in which glutar-
aldehyde was used as cross-linker for simultaneous analysis of
dopamine and paracetamol in urine samples [23].

We demonstrate a novel biosensor using chitosan protected
carbon black and rGO hybrid layer on GCE. In CV technique,
the modified electrode compared with the bare GCE, the Chit-
rGO/CB/GCE provides improved redox peak currents and
decreased over potential value. The results of the present anal-
ysis were compared to high-performance liquid chromatogra-
phy (HPLC). The fabricated electrode displayed good repro-
ducibility and sensitivity with wide linear range, long-term
storage stability and practical feasibility for the quantitative
electrochemical detection of CA in different wine samples.

Experimental

Reagents and apparatus

Natural graphite flakes, 3,4-dihydroxycinnamic acid, chito-
san, potassium ferricyanide [K3(Fe(CN)6] were procured from
Sigma-Aldrich (Biocorporals Pvt. Ltd., Chennai, India, www.
biocorporals.net). Potassium chloride (KCl), potassium
dihydrogen phosphate (KH2PO4), potassium hydrogen
phosphate (K2HPO4), potassium nitrite (KNO3), dimethyl
sulfoxide (DMSO), hydrogen peroxide (H2O2), acetic acid
(CH3COOH), hydrochloric acid (HCl), ethanol (C2H5OH),
and potassium permanganate (KMnO4) were received from
SRL Pvt. Ltd. (Vijaya Scientific, Chennai, India, www.
vijayascientific.com). All reagents were of analytical grade
and used directly. A buffer (pH 3.0) was made by mixing 0.
1 M KCl, 0.1 M KH2PO4, and 0.1 M K2HPO4 in 250 mL of
doubly distilled water. The stock solution of 0.1M caffeic acid
was prepared by double distilled water and kept at 5 °C.

Electrochemical impedance spectroscopy (EIS) analyses were
performed utilizing the CHI-660B electrochemical system by
applying AC voltage of 5 mVamplitude at the desired frequency
ranges (from 0.01 Hz to 100 kHz). The electrolyte was made by
using 10mM [Fe(CN)6]

3−/4– containing 0.1MKNO3 in 100mL
standard flask utilizing double distilled water as a redox probe.

Morphological observations were carried out by field emis-
sion scanning electron microscopy (FE-SEM, SU6600, and
Hitachi, Japan) at an operating voltage of 15 kV. Fourier

transform infrared (FT-IR) spectra were observed by a
Perkin-Elmer 190 FT-IR spectrometer with a resolution of
4 cm−1 for 32 scans over wave number ranges of 4000–
400 cm−1. Atomic force microscopy (AFM) images were re-
corded by AFM park systems (XE-70, South Korea). The
electrochemical analysis was carried out using CHI 660B
electrochemical instrument (Texas, USA). A single compart-
ment electrochemical cell with 3 electrode systems containing
GCE (of 3 mm diameter), platinumwire (of 0.5 mm diameter)
and Ag/AgCl (3.0 M KCl) was utilized as working, counter
and reference electrodes, respectively. Bioanalytical system
polishing kit was used as received from BAS instruments
(USA) to polish the GCE surface.

The modified electrode was detected utilizing cyclic voltamm-
etry (Potential window: + 0 V to +0.7 V, Scan rate: 50 mV.s−1),
chronoamperometric curve of CA oxidation was observed at a
polarization voltage of +0.3 V, differential pulse voltammetry
(Scan rate: 0.02 V.s−1, pulse width: 0.05 s, pulse amplitude:
0.025 V) and amperometric (i-t) curves of CAwere observed at
an applied potential of +0.3 V under hydrodynamic conditions.

The preparat ion procedure of graphene oxide
(by Hummers' method) and synthesis of Chit-CB/rGO nano-
composites are discussed in Electronic Supporting
Information (ESM). In the present system, we prepared a re-
duced graphene oxide by thermal annealing of graphite oxide
[24] and the nanocomposites to obtain a stable thin film as a
surface modifier as well as electron transfer mediator.

Electrode preparation

The Chit-CB/rGO nanocomposites modified GCE was made-
up by the following procedure: The electrode surface was first
mechanically polished with alumina (0.05 μm powder) paste
and thoroughly rinsed extensively with double distilled water
and thenwashed by nitric acid and ethanol (1:1 v/v). Eventually,
the electrode was rinsed with ethanol in the ultrasonic bath for
45 min to get a mirror-like surface and dried at room tempera-
ture. About, 2 mg of Chit-CB/rGO nanocomposites was dis-
persed in 2 mL of ethanol and sonicated for 10 min to get a
homogeneous dispersion of nanocomposites. The colloidal sus-
pension of Chit-CB/rGO (5 μL) was dropped cast onto the
GCE surface and dried at room temperature for overnight.

Results and discussion

Choice of materials

Reduced graphene oxide has a higher surface area than graph-
ite powder and also graphene has higher conductivity. Also, it
is easy to prepare a nanocomposite by dispersing a known
amount of rGO into the chitosan solution. By this way we
can prepare a stable thin film of the graphene-modified
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electrode. Moreover, the reduced graphene oxide possess ex-
ceptional features such as high electrical conductivity, high
mechanical stability, large surface area (2630 m2 g−1), and
highly resistant against electrochemical corrosion when it is
investigated in aqueous electrolytes. Thus, rGO is considered
highly efficient and potential material for electrochemical ap-
plications. Hence, we chose rGO as one of the electrode ma-
terial for electrochemical sensing of various analytes.

Morphological studies of chit-CB/rGO nanostructures

Characterized the Chit-CB/rGO hybrid nanocomposites by FT-
IR, SEM and AFM techniques. The structural and morphology
of Chit-CB/rGO nanocomposite was measured by FE-SEM
studies. Figure 1a, displays the layered structured sheet-like
morphology features of rGO, which consisted of wrinkles and
folding. The layered structure of graphene is also seen clearly in
Fig. 1b, with individual carbon black particles firmly form a
stable film on the rGO sheet (indicated in yellow dotted circles).
The composition of elements in rGO was estimated by energy
dispersive X-ray analysis (EDAX) (Fig. S1). The EDAX spec-
tra of the rGO sheets contained the occurrence of an atomic
carbon (92.68%) and oxygen (7.32%). The nanostructures
graphene sheets possess layered structure, which aids a large
area and excellent electrochemical responses.

Furthermore, Atomic force microscopy (AFM) image was
observed for Chit-CB/rGO, the same trend was noticed like
FE-SEM observations (Fig. S2). The roughness of the carbon
particle was noticed to be 40 nm. The averaged roughness of
the Chit-CB/rGO surface was found to be 40 nm which was
estimated from AFM studies.

FI-IR studies

The nature of bonding between chitosan and carbon black
modified graphene sheet was confirmed by FT-IR spectra.
The infrared spectra of a) Chitosan, b) rGO, and c) Chit-CB/

rGOwere shown in Fig. S3. In Chit-CB/rGO nanocomposites,
a broad and strong absorption band at 3350 cm−1 was ob-
served owing to O-H vibration stretching [25]. The C=O
stretching vibration of carboxyl groups situated at edges of
the graphene layer is noted at 1764 cm−1. The absorption band
at 1595 cm−1 (νCO-NH) is indicating the covalent modification
of carbon black and chitosan which confirms the formation of
Chit-CB/rGO nanocomposites [26].

EIS studies

A Nyquist plot displaying a model circuit for electron transfer
resistance (Rct), and the element of Warburg impedance (W)
shown the real [Fe(CN)6]

3−/4- electron transfer of the redox probe
and its fitted values for all electrodes were given in the Table. S1
(ESI). In this study, the AC signal amplitude of 5 mV over a
frequency at 0.01 Hz to 100 kHz with 10 mM [Fe(CN)6]

3−/4-

containing 0.1 M KNO3 as a redox probe. The a) bare/GCE, b)
rGO/GCE, and c) Chit-CB/rGO/GCE exhibited electron transfer
resistance values of 148Ω, 137.2Ω, and 103.5Ω, respectively as
shown in Fig. 2a. This indicates that the [Fe(CN)6]

3−/4- as a redox
probe have facile electron transfer kinetics at the Chit-CB/rGO/
GCE. This is might be due to the rapid charger transfer of Chit-
CB/rGO/GCE nanocomposites, which results in an improved
electron transfer rate of the electrode surface and facilitate the
electron transfer between the surface of the electrode and redox
probe. These excellent electrochemical characteristics of Chit-
CB/rGO/GCE are beneficial for the practical utilities.

Electrochemical characterization of chit-CB/rGO/GCE

The electrochemical properties of the different modified elec-
trodes were investigated by CV technique. From the Fig. 2b,
shows the cyclic voltammograms of 10 mMK3[Fe(CN)6]

3−/4-

containing 0.1 M KNO3 as a redox probe at a scan rate of
50 mV.s−1 with a) bare/GCE, b) rGO/GCE, and c) Chit-CB/
rGO/GCE. It was seen that a pair of redox peaks with the

a b
Fig. 1 FE-SEM micrographs of
a) rGO, b) Chit-CB/rGO
nanocomposites (yellow dotted
circles indicate individual carbon
black particles on the rGO sheet)
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anodic peak to cathodic peak separation of potential, (ΔEp =
Eanodic peak- Ecathodic peak) ΔEp of 125 mV appears for bare
GCE (curve a) whereas in rGO/GCE, the redox peak currents
slightly increase and the peak separation value of ΔEp =
115 mV, indicating that the electrochemical reaction of the
[Fe(CN)6]

3−/4- probes at the rGO/GCE (curve b) is quasi-
reversible and undergoes sluggish electron transfer process
of kinetic. This is primarily attributed to the poor electrical
conductivity of rGO. But Chit-CB/rGO/GCE shows a good
resolved redox peak of anodic and cathodic peak potentials, +
0.130 Vand + 0.058 V (vs. Ag/AgCl), respectively. The peak
separation potential value between anodic peak potential and
cathodic potential (ΔEp = Epa - Epc) was found to be 72 mVat
50 mV·s−1 and a redox peak current ratio are about one (Ipa/
Ipc ≈ 1), which shows reversible and one-electron transfer pro-
cess of the electrochemical reaction. The Chit-CB/rGO/GCE
yield the maximum peak current among all other different
electrodes, possibly because of the accelerated [Fe(CN)6]

3

−/4- diffusion towards the surface by a layer of graphene.
Obviously, the Chit-CB/rGO/GCE nanomaterials exhibited

much higher electrocatalytic activity, increased electroactive
surface area, and faster electron-transfer kinetics (reflected in
the lower peak to peak separation) compared to the modified
electrode including bare GCE.

To calculate the electro-active surface area (A) of the CB/
rGO/GCE and Chit-CB/rGO/GCE the Randles-Sevcik equa-
tion was used in which assume the mass transport is taken
place only by the diffusion process [27]:

Ip ¼ 2:69� 105A D1=2 n3=2 υ1=2 C ð1Þ

Here, n represents the number of electrons connecting in the
redox behavior, D indicates the diffusion coefficient of the
K3[Fe(CN)6]

3−/4- (equal to 6.37 × 10−6 cm2/s), C represents
the bulk of the redox probe (mol·cm−3), and υ represents the
scan rate (mV·s−1). The electro-active surface area of CB/rGO/
GCE and Chit-CB/rGO/GCE were estimated as 0.73 ×

10−4 cm2 and 1.19 × 10−4 cm2. It is attractive to indicate that
the modified electrode of Chit-CB/rGO/GCE has increased sur-
face area and highly active against the CB/rGO/GCE electrode
and also the oxidation peak current is highly superior. This
indicates that the Chit-CB/rGO/GCE might be very active in
electrochemical detection of different biomolecules and drugs.

Electrochemical behaviour of CA
at the chit-CB/rGO/GCE

In order to study the electrocatalytic oxidation of CA at Chit-
CB/rGO/GCE nanocomposite, we investigated the cyclic
voltammogram response of a) and b) bare GCE in absence
and presence of 2.6 × 10−4 M of CA, and c) Chit-CB/rGO/
GCE in the presence of 2.6 × 10−4 M of CA with buffer
(pH 3.0) at a desired scan rate (50 mV∙s−1). As shown in
Fig. 3, in bare GCE, a poor redox peak was noticed with an

Fig. 3 Cyclic voltammograms of a) bare/GCE, b) 2.6 × 10−4 M of CA on
GCE, and c) Chit-CB/rGO/GCE in the presence of 2.6 × 10−4 M of CA
with 0.1 M buffer (pH 3.0) at a scan rate of 50 mV∙s−1

Fig. 2 Nyquist plots of a) bare GCE, b) rGO/GCE, and c) Chit-CB/rGO/
GCE in the presence of 10mM [Fe(CN)6]

3−/4- containing 0.1 MKNO3 as
the supporting electrolyte. AC Amplitude: 5 mV; Frequency range:
0.01 Hz to 100 kHz. Inset: Randles equivalent circuit (A). CV behavior

of a) bare GCE, b) rGO/GCE, and c) Chit-CB/rGO/GCE in the presence
of 10 mM [Fe(CN)6]

3−/4- containing 0.1 M KNO3 solution, recorded at a
scan rate of 50 mV·s−1 (B)
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oxidation peak potential + 0.290 V vs. Ag/AgCl, respectively,
whereas in Chit-CB/rGO/GCE a minor shifting with the peak
of + 0.3 V was observed. Chit-CB/rGO/GCE shows redox
peaks for CA with a peak-to-peak separation value of ΔEp =
60 mV (Epa - Epc = 0.300 V – 0.240 V), which is lower than
bare GCE. Finally, Chit-CB/rGO/GCE shows a well-defined
pair of redox peak for CA, representing the electrochemical
redox process of CA is reversible. Further, the anodic peak
current signal of CA at the Chit-CB/rGO/GCEwas three times
more than the bare GCE. The redox peak current values in-
crease with an increase the CA and a linear relationship was
recognized from the CA from 1.3× 10−4 to 12.7× 10−3 M as
shown in Fig. S4 (A). The linear regression equation is: Ipa =
9.5590 C (mM) – 5.4274, Ipc = −6.7467 C (mM) + 3.9531
with correlation coefficient R2 as 0.9992 and 0.9994 as
displayed in Fig. S4 (B). The above results indicate that the
nanocomposites highly enhanced electron transfer rate, owing
to its unique physicochemical characteristics (the sheets like
structure, large surface area, high conductivity, etc).

Optimization of method

The following parameters like scan rate (a), buffer pH value
(b) were experimentally shown and the corresponding data
and figures are displayed (Fig. S5 and Fig. S6). The influence
of the scan rate and the pH of the medium on electrochemical
oxidation of caffeic acid were investigated. The maximum
current response and most favourable pH of the electrochem-
ical oxidation were derived from graphical values [Optimum
buffer pH = 3.0 (a), and the scan rate: 50 mV.s−1 (b)]. The
electron transfer coefficient (α) and the number of electron
transfer (n) were found to be 0.60 and 2.0 [the results are
shown in Electronic Supporting Information (ESI)].

Chronoamperometry studies

Chronoamperometry analysis was performed to recognize the
diffusion coefficient of CA oxidative at Chit-CB/rGO/GCE.
Fig. S7A, displayed the current-time relationships of Chit-CB/
rGO/GCE were achieved by the working electrode potential
of +0.30 V (vs. Ag/AgCl) for CA at different concentrations
of 0.6 × 10−6 M to 3.3 × 10−6 M in presence of 0.1 M buffer
(pH 3.0). To estimate, the diffusion coefficient (D) of Chit-
CB/rGO, the linear plot of Ip versus t

-1/2 was attained by com-
paring a) to e) that results in straight lines (Fig. S7B). The plot
of slope vs.conc. of CA (mM) is displayed in Fig. S7C.

The diffusion coefficient (D) and catalytic rate constant
(kh) value of caffeic acid were found to be 1.06 ×
10−6 cm2∙s−1 and 6.7 × 106 cm3∙mol−1∙s−1 at Chit-CB/rGO/
GCE, which are discussed in the Supporting Information
(ESI).

Differential pulse voltammetry

To explore the analytical characteristics of the optimized Chit-
CB/rGO/GCE for the detection of CA. Fig 4a, displays the
differential pulse voltammograms of the modified elec-
trode in 0.1 M buffer (pH 3.0) having CA. The oxidation
peak current (Ip) was enhanced with enhancing concentra-
tion of CA from 0.6 × 10−6 M to 10.6 × 10−5 M. The re-
gression calibration plot was made from Ipa vs. Conc. of
CA with the correlation coefficient estimated as (R2 =
0.9967) as shown in Fig. 4b. The current sensitivity was
found to be 2.1460 μA∙mM−1∙cm−2. Thus, the detection
limit and quantification limit have been estimated using
the standard equation: LOD = 3σ/slope and LOQ = 10σ/
slope (where σ = standard deviation of the blank signal).
As a result, the LOD and LOQ are noticed to be 0.021 ×
10−6 M and 0.072 × 10−6 M, respectively. A stable and
sharp electrochemical behaviour of Chit-CB/rGO towards
the sensing of CA at it’s a great electrocatalytic activity
and it is owing to the synergistic effects of the stacked CB/
rGO sheets and homogeneously embedded chitosan film.

Amperometric (i-t) determination of CA

The electrochemical analysis of CA at Chit-CB/rGOmodified
GCE was done by amperometric (i-t) technique with the used
potential of + 0.3 V under hydrodynamic conditions. The
resulting (i-t) graph is shown in Fig. 4c. A quick and steady
electrochemical response was noted for each addition of CA.
The oxidation peak current enhances with enhancing the CA
concentration. The amperometric current signal was found to
enhance linearly in the concentration range of 0.3 × 10−9 M to
57.3 × 10−5 M for CA as shown in Fig. 4d. The linear re-
gression equation as: Ip (μA) = 0.1973 C (μM) + 0.1322
with a correlation coefficient (R2) of 0.9990, respectively,
which proves the better relationship between Ipa vs. Conc.
of CA. The detection limit and LOQ was calculated in the
graph of CA and it was found to be 0.03 × 10−9 M and
0.039 × 10−9 M based on the ratio of signal-to-noise with
a current sensitivity of 5.9602 μA∙μM−1∙cm−2. The electro-
catalytic activity of Chit-CB/rGO/GCE is because of the
hybrid structural effect of carbon back and reduced
graphene oxide with the large surface area, which provides
catalytic active sites for the CA estimation. The electro-
chemical behaviour of Chit-CB/rGO/GCE was quite com-
parable with the previously revealed CA sensors with the
estimated analytical parameters namely concentration
ranges, current sensitivity, and the detection limit
(Table 1). The results confirmed evidently that the Chit-
CB/rGO/GCE might be utilized for the determination of
CA in low concentration with enhanced current sensitivity
and rapid signal.
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Interference studies

The selectivity of the modified electrode is significantly im-
proved for the voltammetry recognition of CA. Therefore, we
studied the selectivity of Chit-CB/rGO/GCE nanocomposites in
the occurrence of potentially active interfering species by using
amperometry method (Fig. 5). As a result, shows that 1000-fold
raise in concentration of redox active substance like polyphe-
nols, flavonoids such as eugenol, ellagic acid, chlorogenic acid,
quercetin, and gallic acid, are slightly increase of the current
signal in the case of polyphenols and quercetin which means
that the inference of other polyphenols and flavanoid interfer-
ence is negligible one (Fig. 5). For instant 1 μM of CA current
response is equal to 13 mM of flavonoids and polyphenols
showing that the modified electrode as selective for CA quan-
titation. On the other hand, 1000-fold raise in the concentration
of Zn2+, KCl, NaCl, Mg2+, cinnamic acid, and Ca2+, do not
shows any influence in current signal and other similar redox
molecules include ascorbic acid, dopamine, uric acid and para-
cetamol species are shows a poor current responses in the low
concentration ranges of CA. Furthermore, we also investigated
the influences of 300- fold concentration of some saccharides
and pollutants like glucose, fructose, hydrazine, and nitrite does
not disturb the current signal of CA. From the interference
studies it is observed that the detection of CA can be performed
by applying a constant voltage of + 0.30 V vs. Ag/AgCl under
the constant stirring condition for the real sample analysis.

Reproducibility and stability

To investigate the repeatability, five different Chit-CB/rGO
modified GCE at 2.6 × 10−6 M of CA were subjected to
DPV in the occurrence of 0.1 M buffer (pH 3.0). The linear
plot for modified electrodes vs. oxidation peak current as
shown in Fig. S8. Further, the sensor has a good reproducibil-
ity with a relative standard deviation (RSD) of 3.2% for 5
individual analysis performed at 5 modified electrodes which
were prepared.

To investigate the long-term storage stability under the de-
sired condition was also tested for 60 days. The current re-
sponse of the sensor decreases to 97.45%, 97.12%, 96.45%,
and 94.87% of the original response after a month, might be
due to the depletion of dissolved oxygen. These findings
prove the good storage stability, which is most likely due to
the strong interaction between reduced graphene oxide and
carbon black material. These results showed that prepared
electrode had high selectivity, ideal reproducibility, and excel-
lent long-term storage stability in the electrochemical detec-
tion of CA.

Analytical applicability

To evaluate the practical ability of the Chit-CB/rGO/GCE
nanocomposites, the fabricated electrode was also used for
the estimation of CA in wine samples using DPV method

Fig. 4 DPVof Chit-CB/rGO
modified GCE in different
concentrations of 0.6 × 10−6 M to
10.6 × 10−5 M of CA in 0.1 M
buffer (pH 3.0) (a). Calibration
plot of Ipa vs. Conc. of CA (b).
Amperometric response of Chit-
CB/rGO modified GCE at an
used potential 300 mV to
subsequent addition with
concentrations from of 0.3 ×
10−9 M to 57.3 × 10−5 M of CA in
the occurrence of in 0.1 M buffer
(pH 3.0) (c). Calibration plot Ipa
vs. Conc. CA (D)
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[45]. All analytical experiments, 30 mL wine samples were
taken and then made up to 100 mL standard flask utilizing
doubly distilled water and 50 μL of this solution was taken
from the stock solution and then injected into the buffer

(15 mL). An aliquot of 15 mL of this solution was kept in
the electrochemical cell and certain amount of 10 mMCAwas
spiked utilizing the standard method. The analytical outputs
are shown in Table 2. The recovery range of CA is 99.0–
103.0% and RSD was noted to be < 5%. This accurate result
was further confirmed by comparing with the output found by
HPLC. The present analysis is attested well and complements
the earlier literature have been studied with high-performance
analyses [42]. Hence, the current method might be considered
as right and suitable for the determination of CA in wine
beverages.

Conclusion

The present work demonstrated that the electrode modifica-
tion of a glassy carbon electrode with carbon materials (CB/
rGO) within a chitosan film permits good enhancements for
the diagnosis of caffeic acid at pH 3.0. The nanohybrid com-
posite layer of modified electrode enhanced electrochemical
current signal with excellent stability which facilitates the
electrochemical oxidation of CA at lower over potential

Table 1 Comparison of
composition and performance of
electrodes used for determination
of CA

aElectrode Method LDR (μmol/L) LOD (μmol/L) Ref.

CoFeSe2/f-CNF/GCE DPV 0.01–263.96 0.20 × 10−9 [28]

Au/PdNPs-GRF DPV 0.03–938.97 0.60 × 10−9 [29]

NDC/GCE DPV 0.01–350 0.24 × 10−9 [30]

AuNPs/GRNS DPV 0.5–50 5.00 × 10−8 [31]

ERGO/SPCE SWV 0.2–2100 0.64 × 10−8 [32]

Au-PEDOT/rGO/GCE DPV 01–46 0.40 × 10−9 [33]

Au-PdNPs/GRF/GCE DPV 0.03–938.97 0.60 × 10−9 [34]

Pt-PEDOT/rGO/GCE DPV 5.0 × 10−9 – 4.0 × 10−6 2 10 × 10−9 [35]

AuNPs/rGO/GCE DPV 0.5–5 0.50 × 10−7 [36]

PG films/GCE SWV 4.0 × 10−6 – 3.0 × 10−5 1.25× 10−6 [37]

p-NPDS/GCE CV 0.1–22 0.10 × 10−7 [38]

Au@α-Fe2O3
f@RGO@GCE DPV 19–1869 0.98 × 10−6 [39]

Chemically reduced graphene oxide AMP 1.0 × 10−8 – 8.0 × 10−4 0.20 × 10−9 [40]

MnO2/CM/GCE SWV 1.00–15.00 2.70 × 10−7 [41]

Chit-CB/rGO/GCE DPV 0.6 × 10−6-10.6 × 10−5 0.021 × 10−6 [This work]
AMP 0.6 × 10−9-57.3× 10−5 0.03 × 10−9

f-CNF- Carbon Nanofibre

Au/PdNPs-GRF - Gold/Palladium nanoparticles-Graphene

NDC/G – Nitrogen doped Carbon

AuNPs/GRNS - Gold nanoparticles/graphene nanosheets

ERGO – Electrochemical reduction of graphene oxide

GRF – graphene flakes

PEDOT – Polyethylenedioxythiphene

PG films/GCE – Poly glutamic acid films

p-NPDS – p-nitrophenyl diazonium salt,

CM – Carbon micrporous

Fig. 5 Amperomertic response of adding different interfering compounds
at Chit-CB/rGO modified GCE in the occurrence of 0.1 μM of caffeic
acid via 0.1 M buffer (pH 3.0)
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ranges. Based on the improved electrochemical response the
current system can be used for the voltammetry analysis of
CA in wine and beverages. For the quantitative detection of
CA and to measure the unknown concentrations of CA the
standard addition method was employed. This method also
used to quality and to determine the shelf life of wine and
beverages products. Electrochemical results proved that a
low detection limit with a wide concentration ranges calibra-
tion plot and excellent sensitivity of the modified electrode
system.
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