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Abstract
Graphene nanoribbon (GNR) is a potential sensor material owing to its high surface area, high aspect ratio, variable band 
gap, and high density of reactive edges. Herein, for the first time, we propose a binder-free and non-enzymatic sensor for 
the detection and electro-analysis of rutin using GNRs. GNRs were first synthesized from multi-walled carbon nanotubes 
(MWCNTs) by chemical unzipping in an oxidative environment and later casted onto graphite (Gr) electrode to get Gr/
GNRs sensor. The developed sensor exhibited excellent electrocatalytic activity towards oxidation of rutin in phosphate-
buffered solution (PBS) with a pair of well-defined redox peaks for rutin. Cyclic voltammetry (CV) studies showed linear 
dependence of sensor response on the scan rate (R2 = 0.992) and the electrode reaction occurred via diffusion-controlled 
charge transfer mechanism. Differential pulse voltammetry (DPV) measurements showed the existence of linear correlation 
between sensor response and the concentration of rutin with a detection limit of (LOD) 7.862 nM and sensitivity of 917.23 
μA μM−1 cm−2. Further, the sensor showed good stability and selectivity which are attributed to synergic effects of GNRs 
as a sensing material. The proposed sensor was tested for its practical applicability by successfully analyzing rutin content 
in pharmaceutical rutin tablets which suggest that the proposed sensor can find application in the analysis of rutin in food, 
drug tablets, and neutraceutical samples.
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1  Introduction

Rutin (3, 4, 5, 7-tetra hydroxyl flavone 3-d-rutinoside) is 
a flavonoid glycoside compound, widely present in plant 
sources such as leaves, fruits, and vegetables. It is thought 
to be an activating factor for Vitamin C and is popularly 
known as Vitamin P [1]. Rutin is reported to exhibit a broad 
range of physiological functions such as an anti-inflamma-
tory, anti-tumor, anti-aging, anti-bacterial, anti-oxidant, 
and hemostatic agent. It is often used as a therapeutic drug 
against a wide range of circulatory problems as it is proved 
to dilute the blood, reduce capillary permeability, and lower 
blood pressure [1–3]. From this perspective, administering 
the rutin levels in drug tablets, food supplements, and nutra-
ceutical inputs to the patients plays a vital role. Therefore, it 
is necessary to develop simple, fast, economical, sensitive, 
and efficient methods for the detection and quantification of 
rutin in pharmaceutical, food, and nutraceutical samples.

A variety of analytical methods such as UV–Vis spec-
trophotometry, high-performance liquid chromatography, 
flow injection analysis, capillary electrophoresis, chemi-
luminescence, and sequential injection analysis have been 
developed for the determination of rutin [4–9]. However, 

from the pragmatic point of view, these methods suffer from 
various limitations as they involve complicated operations, 
expensive instruments, toxic organic solvents, and lengthy 
separation protocols [3]. Compared to the above methods, 
electrochemical methods offer several advantages such as 
high sensitivity, selectivity, wide detection range, simple and 
speedy procedure, relatively low cost, and feasible onsite 
monitoring [1, 3]. However, the efficacy of the analyte detec-
tion in electrochemical methods is entirely governed by the 
sensor architecture and the characteristics of sensing materi-
als employed. Rutin exhibits electroactive behavior owing to 
the presence of flavonoid glycoside group in its structure and 
is prone to either oxidation or reduction on different working 
electrodes. Hence rutin can be investigated by electrochemi-
cal sensing methods [3].

A variety of carbon-based nanostructures have displayed 
next-generation potential sensing materials because of their 
high specific surface area, high-quality crystal lattices, 
high carrier mobility with superior modifiable conductiv-
ity, and the possible ultra-thin film processing options [10, 
11]. Among the carbon-based nanomaterials, GNR is a 
recent member of this family with a quasi-one-dimensional 
graphene-like structure having narrower widths, exhibiting 



1049Journal of Applied Electrochemistry (2021) 51:1047–1057	

1 3

semiconductive behavior, quantum confinement, and edge 
effects. Unlike graphene, GNRs possess a completely dif-
ferent set of properties, such as a large aspect ratio (i.e., 
the ratio of length to width) and an open band gap that 
can be controlled by tuning atomic-scale structures. The 
width of GNRs ranges from sub-10 nm to several hundred 
nanometers, while the thickness is about several nanom-
eters [12–15]. The surfaces of GNRs are chemically inert 
and interact with other molecules via physical adsorption 
(interactions) similar to graphene. GNRs have the densest 
and most abundant edge defect sites with superior chemical 
reactivity within a single-channel unit. The narrow channel 
width of GNRs makes them more accessible to doping and 
chemical modification [12, 14, 16]. The properties of GNR 
are dependent on edge type and several chemical groups 
such as carboxyl (–COOH), carbonyl (–CO), hydrogenated 
(–CH), and amines (–NH2), which could be anchored at the 
edges of GNRs [17]. These characteristics of GNR make it 
a more promising sensing material compared to graphene. 
However, due to their recentness of discovery, GNR is not 
much familiar among the research fraternity, and they are 
very less explored in sensing applications compared to 
graphene.

GNR reconciles as novel and excellent material for elec-
trochemistry due to its conductivity, high reactive surface 
area, and wider electrochemical window. This material 
shows a large electrochemical potential window (approxi-
mately 2.5 V in 0.1 mM phosphate buffer saline solution) 
in the detection of analytes with either high oxidation or 
reduction potential becoming feasible [18]. Further, the 
extremely high surface area provides an effective reaction 
area and a high capacity for enzyme loading. The presence 
of abundant edges and defects on this material provides a 
high electron transfer rate, suggesting that it is suitable for 
electrochemical detection. The chemical moieties (hydroxy 
and carboxyl groups) on the GNR surface afford flexibil-
ity and convenience for functionalization, which provides a 
way for enhancing sensor performance [17, 18]. The above 
characteristics make GNR as a novel material and efficient 
platform for sensing applications.

The oxidized and reduced forms of GNRs have been 
reported as sensor electrode material for the detection of 
glucose, ascorbic acid, l-DOPA, and uric acid in standard 
samples [14, 19–21]. The sensor developed using reduced 
GNRs on screen-printed platforms showed improved per-
formance than those developed using carbon paste elec-
trode, MWCNTs, and oxidized GNR [14]. Enzevaee et al. 
[20] modeled and investigated CO2 adsorption effects on 
GNR conductance and concluded that the GNRs could be 
used for the development of the CO2 gas sensor. GNRs 
have also been used in the development of non-enzymatic 
electrochemical glucose sensors [21]. Recently, Cho et al. 
[13] studied the NO2 gas sensing potentials of aminopropyl 

silane-functionalized GNRs and demonstrated a far superior 
sensing performance as compared to carbon nanotube and 
reduced graphene oxide sensors prepared under identical 
conditions. However, the biosensing applications of GNRs 
have not been explored much to their full potential as this 
material is relatively new. The GNR-based rutin sensors are 
not reported to date to the best of our knowledge and this 
was the motivation for our work.

In the current work, GNRs derived from longitudinal 
unzipping of MWCNTs have been employed for the first 
time in the development of a binder-free, non-enzymatic 
electrochemical sensor for the determination of rutin.

2 � Experimental methods

2.1 � Materials and instruments

MWCNTs and potassium permanganate (KMnO4) were 
procured from Sigma-Aldrich. Potassium chloride, mono-
sodium hydrogen phosphate, disodium hydrogen phosphate, 
and the reagents sulfuric acid and hydrogen peroxide used in 
this study were purchased from Fischer Scientific.

All electrochemical experiments such as cyclic voltam-
metry (CV), differential pulse voltammetry (DPV), and elec-
trochemical impedance spectroscopy (EIS) were performed 
on an electrochemical workstation (Biologic Science Instru-
ment, Model SP-150).

2.2 � Synthesis of GNRs from MWCNTs

The GNRs were synthesized using a protocol already 
described in the literature [15, 22]. The synthesis involved 
chemical unzipping of MWCNTs via a two-step chemical 
oxidation and reduction process. For the synthesis, 300 mg 
of MWCNTs were mixed with 120 mL of conc. H2SO4 
(98%) and stirred for 24 h at room temperature till a slurry 
was obtained. The slurry was later coupled with 1.5 g of 
KMnO4 slowly under vigorous stirring conditions and the 
mixture was further heated for 4 h at 85 °C. The resulted 
slurry was later diluted by adding 400 mL of deionized water 
and again kept for stirring in an ice bath for 30 min. After 
removal from the ice bath, 60 mL of hydrogen peroxide 
(30%) was added to it followed by the addition of 200 mL 
of deionized water to avoid the formation of an insoluble 
precipitate of MnO2. The cold mixture was washed and cen-
trifuged with 10% HCl and then with deionized water until 
the solution attains neutral pH. Finally, the resulting solid 
residue was washed repeatedly with ethanol and deionized 
water and later dried at 60 °C in vacuum to get dark gray-
colored solid powder of GNRs.

The as-synthesized GNRs were characterized by X-ray 
diffraction (XRD), Fourier transform infrared (FT-IR), and 
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Raman spectroscopy methods. The morphological stud-
ies were carried out by high-resolution tunneling electron 
microscopy (HR-TEM) method.

2.3 � Fabrication of Gr/GNRs sensor

Graphite rod (0.6 mm diameter) was used for the fabrica-
tion of the working electrode. The tip of the graphite rod 
was first polished using PK3 electrode kit till a mirror shiny 
surface was obtained and the graphite rod was cleaned in 
ultrapure water and dried. The clean polished graphite rod 
was then covered with Teflon tube leaving only the polished 
surface exposed. The resulting graphite electrode (Gr) was 
cleaned again with distilled water, dried at room tempera-
ture, and used for further investigations. A suspension of 
GNRs was prepared in ultrapure water by dispersing 1.25 g 
L−1 of GNRs powder in distilled water followed by bath 
sonication for 15 min at room temperature. The appropriate 
volumes of above GNRs suspension was drop cast on Gr 
electrode and dried under ambient conditions to get modified 
Gr/GNRs electrode.

2.4 � Electrochemical investigations

All electrochemical investigations including CV, DPV, and 
EIS were performed in a three-electrode cell comprising of 
modified Gr (working electrode), saturated calomel elec-
trode (SCE, reference), and platinum wire (counter elec-
trode). All CV studies were executed in PBS under pH 7.0 in 
the potential window of − 0.2 to + 0.6 V. The EIS measure-
ments were performed under similar conditions using 5 mM 
[Fe(CN)6]3−/4− as an electrochemical probe in the frequency 
range of 100 kHz to 0.1 Hz. DPV studies were carried out in 
PBS medium (pH 7.0) by adding known quantities of rutin 
in the potential window of 0 to + 0.5 V, a pulse amplitude of 
25 mV, and pulse width of 50 s.

3 � Results and discussions

3.1 � Characterization of synthesized GNRs

The successful synthesis of GNRs by chemical unzipping 
MWCNTs was confirmed through XRD, Raman, and HR-
TEM studies. HR-TEM images in Fig. 1a and b display mor-
phological features of MWCNTs and GNRs, respectively. 
Unlike MWCNTs, which displays smooth and undamaged 
tubular surface, the GNRs reveal a two-dimensional off-
plane deformed and wrinkled ribbon-like 2D structures. 
These images serve as a preliminary evidence for the suc-
cessful unzipping of MWCNTs. This evidence was further 
supported by the results of XRD and Raman analysis.

The XRD profile (Fig. 1c) of GNRs shows two peaks 
at 2θ values 27° and 45° which is characteristic of GNRs. 
MWCNTs show only one XRD signal at 27° and this is 
explicitly indicative of unzipping of MWCNT as evi-
dent from the literature [15, 22]. The Raman spectra of 
GNRs (Fig. 1d) show an enhanced G and D bands with an 
increased intensity ratio (ID/IG = 1.4) compared to that of 
MWCNTs (ID/IG = 1.08). The higher ID/IG ratio of GNRs 
manifests the higher order of damages and deformations on 
GNRs surface. The XRD and Raman data provide strong 
evidence of high-density edge states on GNRs surface in 
comparison to MWCNTs. The results clearly suggest the 
successful unzipping of MWCNTs.

3.2 � Sensor fabrication and electrochemical 
characterization

The fabrication of Gr/GNRs was done by depositing dif-
ferent quantities of GNRs stock suspensions (1.25 g L−1) 
onto the clean Gr electrode. The Gr/GNRs electrodes 
were prepared by drop-casting GNRs suspensions of 0, 
0.5, 1.0, 3.0, and 5.0 µL on to bare Gr electrode surface 
and air-dried at room temperature. The successful depo-
sition and modification of electrodes were confirmed by 
electrochemical characterization using the CV technique 
by measuring the current response in 0.1 mM PBS (pH 
7.0). It was observed that the current response increased 
as the deposition quantity was increased and a stable cur-
rent response was recorded for all depositions above 1 µL 
(Fig. 2a). Thus, a deposition volume of 1 µL GNRs stock 
solution was used for all later investigations. The improved 
current at higher deposition volume of GNRs suspensions 
establishes the conductive nature of GNRs.

Electrochemical redox behavior of Gr and Gr/GNRs 
electrodes was investigated by CV in the presence of 5 mM 
[Fe(CN)6]3−/4− as redox mediator in 0.1 mM PBS (pH 7.0). 
The CV experimental results manifest redox behavior 
for both bare and GNRs-modified electrodes. However, 
GNRs-modified electrode showed excellent redox behavior 
compared to bare Gr electrode with a pair of well-defined 
quasi-reversible redox peaks (Fig. 2b) and a higher peak 
current was evident compared to that of the bare Gr elec-
trode. The ascended oxidation and reduction peaks in the 
CV profile of the modified electrode affirm the exhibi-
tion of redox behavior by GNRs-modified electrodes. The 
enhanced peak currents recorded for modified electrodes 
in the presence of the redox mediator is closely linked to 
the conductive nature of GNRs and also the active surface 
coverage area of the electrodes. The active surface area (τ) 
of both Gr and Gr/GNRs electrodes were calculated using 
the equation [22];
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where Q is the charge, n is the number of electrons trans-
ferred, F is the Faraday constant, and A is the geometric 
area of the working electrode. The calculated active sur-
face area of the Gr and Gr/GNRs electrodes was 1.268 × 
10−10 mol cm−2 and 1.817 × 10−8 mol cm−2, respectively. 
The active electrode surface coverage area was enhanced 
nearly 100 times on the deposition of GNRs to the Gr elec-
trode surface which assures increased catalytic activity on 
the Gr/GNRs electrode surface. This envisages the enhanced 
current response of the Gr/GNRs electrode compared to the 
Gr electrode in the presence of redox mediator. The elec-
trochemical behavior of rutin was investigated by CV in 
PBS (0.1 mM, pH 7.0) by adding 1 mM rutin (Fig. 2c). The 
recorded current response was higher for Gr/GNRs with 
rutin compared to the responses of both Gr and Gr/GNR 

� =
Q

nFA
,

electrodes in the presence of PBS (0.1 mM, pH 7.0). This 
clearly establishes the exhibition of good electrocatalytic 
behavior of electrode towards rutin.

The CV results were further validated by conducting EIS 
experiments under the same experimental conditions in the 
frequency range of 100 kHz to 10 MHz with an amplitude of 
5 mV. The obtained EIS experimental data are represented 
in the Nyquist plot (Fig. 2d) and the data were also fitted to 
an equivalent circuit given in the inset of Fig. 2d. Table 1 
represents the various impedance parameters such as solu-
tion resistance (Rs), Faraday capacitance charge transfer 
(Qdl), charge transfer resistance (Rct), Faraday capacitance 
(Cf), Faraday resistance (Rf), and the number of electrons 
exchanged (n). The calculated Rct values for bare and GNRs-
modified electrodes based on the equivalent circuit are 
76.1 Ω cm−2 and 47.4 Ω cm−2, respectively. The observed 
reduction in Rct values of Gr/GNRs show enhancement in 
the conductivity of electrodes due to the enhanced surface 

Fig. 1   a HR-TEM image of MWCNT and b GNRs, XRD (c), and Raman (d) profiles of MWCNT and GNRs
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area. Moreover, Nyquist plots of bare and modified Gr elec-
trode reveal an enlarged semi-circular region with a higher 
diameter for the Gr electrode compared to GNRs-modified 
electrode indicating a higher charge transfer resistance for 
the Gr electrode. These results show concurrence with those 
of CV. The remarkable increase in current response could 
be attributed to the larger surface area and also creation of 
active sites provided by GNRs which accelerate electron 
transfer behavior at the electrode/electrolytes interface, thus 
producing an amplified electrochemical signal.

3.3 � Effect of scan rate

The scan rate is a vital parameter in deciding the elec-
trochemical response of a sensor. The effect of scan rate 
on electrochemical response of the Gr/GNRs sensor was 
probed at different scan rates from 20 to 120 mV s−1 by 
CV method taking 2 mM rutin in PBS (0.1 M, pH 7.0). The 
voltammogram of CV data showed a pair of well-defined 
redox peaks whose peak currents gradually increased 
with an increase in scan rate (Fig. 3a). The plots between 
anodic peak current (Ia) and scan rate (√), and anodic 
peak current (Ia) versus square root of scan rate (√1/2), 
are drawn and shown as Fig. 3b and c, respectively. The 

Fig. 2   a Current response of Gr at different depositions of GNR. b 
CVs of 5 mM Fe(CN)6

3−/4− solution obtained at (a) Bare Gr and (b) 
Gr/GNRs, c CVs recorded in 0.1 M PBS at (a) Bare Gr, (b) Gr/GNR, 

and (c) Gr/GNRs in presence of 1 mM rutin, and d impedance spec-
trum of (a) Bare Gr, (b) Gr/GNRs

Table 1   Equivalent circuit 
parameters of bare and GNR-
modified Gr electrodes

Electrode Rs (Ω cm−2) Qdl Rct (Ω cm−2) n Cf Rf (Ω cm−2)

Gr 355.5 1.99 × 10−3 76.1 0.57 2.29 × 10−3 2.40 × 103

Gr/GNR 355.6 4.12 × 10−3 47.4 0.48 3.47 × 10−3 9.72 × 103
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relation between peak current and scan rate (ν) showed 
a linear dependence with a linear regression co-efficient 
R2 = 0.992, whereas the relationship between peak current 
versus square root of scan rate (√1/2) also showed a linear 
relationship with a regression co-efficient R2 = 0.97. The 
corresponding regression relations are,

This suggested linearity of sensor response implies that 
the electrode reaction of rutin at the electrode surface is 
predominantly a diffusion-controlled adsorption process.

3.4 � Electrochemical determination of rutin on Gr/
GNRs

DPV is a voltammetric technique that offers high sensitiv-
ity and selectivity in the electrochemical determinations for 

I = (0.0051)v + 0.083∶ R2 = 0.99,

I = (0.0785)
√

v + 0.1948∶ R2 = 0.97.

low analyte concentrations. The DPV response obtained for 
different rutin concentrations ranging from 32 to 1000 nM 
in PBS (0.1 M) under optimized experimental conditions 
(pH 7.0, pulse width 50 s, pulse height 25 mV) is shown in 
Fig. 4a. The voltammetric response varied linearly exhibit-
ing two distinct concentration regimes viz., 32–100 nM and 
100–1000 nM with regression coefficients R2 = 0.8964 and 
0.991, respectively.

The mechanism of electro-oxidation of rutin is well docu-
mented in the literature [23]. The mechanism involves the 
ionization of ortho-phenolic hydroxyl group followed by 
one-electron oxidation of monoanionic species to form an 
intermediate radical anion. Later, the radical anion under-
goes a second reversible one-electron oxidation to give 
dehydrorutin which rapidly protonates and dehydrates to 
yield 3′,4′-diquinone as the final product. The conversion of 
rutin to quinine or vice versa during electrode reactions is 
detected through measurement of oxidation/reduction cur-
rents during the redox reactions at the electrode surface. The 

Fig. 3   a Cyclic voltammograms of Gr/GNRs in 0.1 M PBS (pH 7) containing 2 mM rutin at different scan rate (a–f), b plots of peak current vs. 
scan rate, and c peak current vs. square root of scan rate
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detailed mechanism of action of electro-oxidation of rutin 
on the electrode surface is shown in Scheme 1.

3.5 � Detection limit and sensitivity of sensor

The detection limit (LOD) and sensitivity were calculated 
using the following equations [24];

LOD =
3�

�
,

where σ is the standard deviation of blank, θ is the slope of 
the calibration plot, and A is the surface area of the elec-
trode (Fig. 4b). The LOD calculated based on signal-to-
noise ratio (S/N = 3) is 7.862 nM and sensitivity is 917.23 
μA µM−1 cm−2 for the concentration region 32–1000 nM. 
These results suggest that the developed GNRs-based rutin 
sensor offers a reasonable linear range, excellent detection 

Sensitivity =
�

A
,

Fig. 4   a DPVs of Gr/GNRs electrode at varying rutin concentration 
32–1000 nM in 0.1 M PBS solution. b Plot shows calibration plot of 
peak current versus catechol concentration for DPV data. c Effect of 

presence of interferents AA, UA, and glucose on current response of 
sensor in 1 mM rutin. d Stability of sensor response observed for 20 
cycles in 5 μM rutin

Scheme 1   Mechanism of 
electro-oxidation of rutin to 
quinone
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limit, and high sensitivity owing to the good conductivity, 
high surface area, and also synergic effects offered by carbon 
nanotube-derived GNRs. This suggests that the Gr/GNR is a 
promising electrode material for sensitive detection of rutin.

The performance of the proposed sensor was compared 
with some previously reported sensors for rutin analysis, 
and their analytical parameters are summarized in Table 2. 
As enlisted in Table 2, the proposed sensor shows a reason-
able linear analytical range and detection limit comparable 
to (even superior to) other sensors. Besides, the proposed 
fabrication procedure is simple and time-saving being a 
single-step process.

3.6 � Selectivity, repeatability, and stability studies

The interference and selectivity study of the sensor towards 
rutin was investigated under optimized experimental con-
ditions by DPV technique using 1 mM rutin in the pres-
ence and absence of common interferents such as uric acid 
(UA), ascorbic acid (AA), and glucose. The AA (0.01 mM), 
UA (0.01 mM), and glucose (0.01 mM) were introduced to 
1 mM rutin in successive steps and the current response 
was recorded in 0.1 M PBS (pH 7.0). The measured current 
responses of the sensor for 1 mM rutin in the presence of dif-
ferent interferents were not much different from the response 
recorded in the absence of interferents. The observed change 
in current response was well below 2% suggesting that the 
Gr/GNRs sensor showed excellent selectivity to rutin. The 
DPV results of interference studies are shown in Fig. 4c and 
the data are given in Supplementary File S1.

The intra-electrode repeatability of rutin sensor was 
investigated with a series of repetitive measurements in 
1  mM rutin under optimized experimental conditions. 
The sensor showed no significant changes in response 
(RSD < 3%) suggesting good repeatability of the sensor. The 
stability of rutin sensor was also examined by monitoring the 
CV response of the sensor for 20 redox cycles in presence 
of 5 μM rutin (Fig. 4d) and it was observed that the sensor 
retained nearly 98% of its initial response thereby depicting 
high chemical stability for the sensor matrix.

3.7 � Practical application of sensor

The practical applicability of the fabricated sensor was used 
to analyze rutin drug tablets. A known weight of commer-
cially available rutin drug tablet sample (500 mg rutin/tab-
let, Lupin India Ltd.) was ground and dissolved in ethanol 
and standard rutin solution was prepared. The analysis of 
the sample solution was performed under optimized experi-
mental conditions by introducing it into the electrochemical 
cell containing 0.1 M PBS (pH 7.0) and bovine serum. The 
results from these measurements showed an excellent recov-
ery in the range of 96.25–102% indicating that the proposed 
sensor could be efficiently applied in the determination of 
rutin in real samples with good accuracy (Table 3).

4 � Conclusion

A binder-free non-enzymatic electrochemical sensor based 
on GNRs was developed for the sensitive and selective deter-
mination of rutin. The GNRs were synthesized by a simple 
procedure involving chemical unzipping of MWCNTs in 
an oxidative environment and the as-prepared GNRs were 
further employed in development of rutin sensor. The fab-
rication of the sensor was accomplished by modifying the 
Gr electrode with optimized quantity of GNRs. The modi-
fication with GNRs was found to enhance the active sur-
face area of the electrode nearly 100 folds which is further 
revealed in enhanced electrocatalytic activity of the elec-
trode. This clearly suggests that the GNRs play dual role 
in the electrode matrix both as a conductor and also as an 

Table 2   Comparison of 
proposed sensor with previously 
reported sensors

GCE glassy carbon electrode, GN graphene nanosheet, ErGO electrically reduced graphene oxide, Pt plati-
num, PdPc palladium-decorated phthalocyanine

Sensor matrix used Method employed Linear range (nM) Detection 
limit (nM)

References

GCE/GN DPV 100–10,000 21 [25]
GCE/ErGO DPV 470–12,500 18.4 [26]
GCE/ErGO-Fe3O4–NH2 SDLV 6–100 4 [27]
GCE/MWCNT@rGO@Pt DPV 50–50,000 5 [28]
GCE/PdPc-MWCNT Amperometry 100–51,000 75 [29]
Gr/GNR DPV 32–100 7.86 Present work

Table 3   Recovery results of rutin tablet analysis in bovine serum 
medium

No Rutin added (nM) Rutin found (nM) Percent-
age 
recovery

1 40 38.5 96.25
2 100 102 102.0
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excellent electro-catalyst. GNRs not only showed good elec-
trocatalytic behavior but also imparted needed stability for 
the electron transfer at the electrode–electrolyte interface. 
The sensor showed excellent electrocatalytic activity, good 
stability, repeatability, and high selectivity towards rutin. 
The detection limit and sensitivity were found to be 7.86 nM 
and 917.2 µA µM−1 cm−2, respectively. This excellent per-
formance is solely attributed to the large surface area, good 
conductivity, and strong electrocatalytic behavior of GNRs. 
The simple sensor configuration, simplicity of fabrication 
procedure, no need of any binding agent, or enzyme in fab-
rication process coupled with good electrochemical perfor-
mance make this sensor a strong candidate in the electro-
analysis of rutin samples from food, pharmaceutical, and 
nutraceutical industries.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10800-​021-​01557-x.
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