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a b s t r a c t

Increased consumption of raw and par-boiled rice results in the formation of methylglyoxal (MG) at
higher concentration and leads to complications in diabetic patients. Highly sensitive electrochemical
biosensor was developed using glutathione (GSH) as a co-factor with vanadium pentoxide (V2O5) as a
nano-interface for MG detection in rice samples. The Pt/V2O5/GSH/Chitosan bioelectrode displayed two
well-defined redox peaks in its cyclic voltammograms for MG reduction. This occurred as two electron
transfer process where MG gained two electrons from oxidized glutathione disulfide and formed
hemithioacetal. The current density response of the fabricated bioelectrode was linear towards MG in the
concentration range of 0.1e100 mM with the correlation coefficient of 0.99, sensitivity of
1130.86 mA cm�2 mM�1, limit of detection of 2 nM and response time of less than 18 s. The developed
bioelectrode was used for the detection of MG in raw and par-boiled rice samples.

© 2017 Published by Elsevier Inc.
Introduction

Rice is a staple food source for nearly half of the world's popu-
lation [1]. Rice has higher levels of methylglyoxal (MG) than other
foods [2]. Increase in the consumption of rice elevates the glucose
level, which results in the formation of MG in higher concentration
and leads to complications in diabetic patients [3e5]. MG is path-
ologically related to macro and micro angiopathy, hypertension,
insulin resistance, vascular damage and age-related complications
[6e8]. The normal MG concentration is around 0.1e0.7 mM in hu-
man plasma, whereas the MG concentration in type -I and type -II
diabetes is 7e8.4 mM and 2.8e4.2 mM respectively [3]. Hence, an
efficient analytical method is required for the determination of MG
in rice.

Ion pair chromatography, gas chromatography, high perfor-
mance liquid chromatography, mass spectrometry, capillary
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rk.
electrophoresis and Enzyme Linked Immuno Sorbent Assay (ELISA)
are the various conventional methods being used to detect MG. But,
these techniques are time consuming, require extensive and
expensive sample preparation and trained personnel [3,9,10]. Due
to specific advantages, such as simplicity, high specificity, sensi-
tivity, rapid response time and low cost, electrochemical biosensors
have been developed for the detection of MG. MG detection is done
via both enzymatic [11] and non-enzymatic modes of detection
[3,9,10,12,13]. From previous investigations, it is noted that most of
the researchersworked on non-enzymatic biosensors [3,9,10,12,13].
Single walled carbon nanotubes (SWCNTs) and nano-platinum (Pt)
are the nanomaterials used so far to electrocatalyze the conversion
of MG to hemithioacetal [9,10]. However, lack of specificity is the
major drawback in using these nanomaterials as electrocatalysts
[9,10]. To overcome the specificity issue, enzymatic biosensor based
on glyoxalase I (GLO 1) enzyme was preferred. Thangavel et al. [12]
and Ezhilan et al. [13] developed MG biosensors by modifying Pt
electrode with zinc oxide (ZnO) nanosepals and nanoflakes for the
detection of MG in human blood serum and grilled chicken
respectively. Though ZnO nanoflakes and nanosepals enhanced the
electron transfer rate between GLO 1 enzyme and Pt electrode, the
inability of these modified bioelectrodes to generate
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hemithioacetal makes them inferior [12,13]. In order to overcome
these drawbacks, Ramachandra et al. [3] developed an electro-
chemical biosensor by immobilizing GLO 1 on Pt/CeO2 bioelectrode
in which the immobilized GLO 1 enzyme catalyzed MG to hemi-
thioacetal and later to S-D lactoylglutathione in the presence of
glutathione (GSH) as cofactor. Though the GLO 1 based electro-
chemical MG sensors are highly specific in nature, high cost of GLO
1 enzyme makes them unsuitable for large scale industrial pro-
duction [3]. Owing to the low cost of GSH and the ability of GSH to
convert MG to hemithioacetal, GSH based electrochemical MG
biosensor has been preferred in this investigation.

Like ZnO and CeO2 nanoparticles, vanadium pentoxide (V2O5)
nanoparticles have attracted researchers in the fabrication of bio-
electrodes owing to their high catalytic property, high electron
transfer rate and good biocompatibility [14e20]. V2O5 nano-
particles have an isoelectric point of 3, which can immobilize GSH
cofactor with high isoelectric point of 5.93 through electrostatic
attraction and prevent leaching of GSH [21]. In this work, a reliable
electrochemical biosensor based on GSH modified Pt/V2O5 elec-
trode has been fabricated to detect MG in rice samples using cyclic
voltammetry technique.
Materials and methods

Materials

L-glutathione-reduced was purchased fromHi-Media, India. MG
was obtained from Sigma-Aldrich, USA. All other chemicals such as
sodium hydroxide pellets purified, sucrose, dibasic sodium phos-
phate, lactic acid, monobasic sodium phosphate, glucose, chitosan,
ascorbic acid and urea were purchased fromMerck India Ltd., India.
Ammonium metavanadate was purchased from Nice - chemicals
Pvt. Ltd., Kerala, India. All the reagents and solutions were prepared
using double de-ionized water (Aqua purification system, India).
Synthesis of V2O5 nanoparticles

0.05 M of ammonium metavanadate (NH4VO3) precursor solu-
tion was prepared by dissolving 0.87 g of NH4VO3 in 150 mL of
deionized water. Then the solution was stirred continuously for
35 min at room temperature to obtain the pale yellow coloured
solution. Later, the solution was kept in microwave oven at 180 W
for 75 min. Finally, the dried form of dark brown coloured V2O5
nanoparticles was collected. The microwave irradiation helped in
dissociation of agglomerated particles through heating effect by
dipolar polarization and conduction process. The heating effect on
the molecules lead to collision of particles resulting in the forma-
tion of smaller particles. The chemical reaction of formation of V2O5
from ammonium metavanadate is as follows:

2 NH4VO3 / V2O5 þ 2 NH3 þ H2O
Fabrication of Pt/V2O5/GSH/Chitosan bioelectrode

Chitosan of 10 mL (0.25 wt%) was added to 1 mg of V2O5 nano-
particles and the solution was sonicated for 15 min. Later, 5 mL of
GSH (100 mM) was added to the above solution, which was further
sonicated for 1 min. Then, 3 mL of the sonicated product was taken
and drop-casted on the Pt electrode's surface. Finally, the Pt elec-
trode was allowed to dry at room temperature for 7 h.
Characterization techniques

The morphologies of Pt/V2O5, V2O5/GSH, Pt/V2O5/GSH/Chitosan
bioelectrodes were observed using field emission scanning electron
microscope (FE-SEM, Model JSM 6701F, JEOL, Japan). The structural
property of V2O5 nanoparticles was studied using X-ray diffrac-
tometer (D8 Focus, Bruker, Germany). The immobilization of chi-
tosan and GSH on V2O5 nanointerface was confirmed using Fourier
transform infrared spectrometer (FTIR, Model Spectrum 100, Perkin
Elmer, USA).

Electrochemical analysis

Electrochemical measurements were performed using an elec-
trochemical workstation (CH1600C, CH Instrument, USA). The three
electrode system comprised of Pt/V2O5/GSH/Chitosan as a working
electrode, Ag/AgCl saturated with 0.1 M KCl as a reference electrode
and platinum wire as an auxiliary electrode was used to carry out
the experiment. All cyclic voltammetric experiments were per-
formed in a 20 mL electrochemical cell with 5 mL PBS (0.1 M, pH
7.4) solution at room temperature in the potential range of �0.3 to
0.4 V (vs Ag/AgCl).

Preparation of real sample

Raw rice and par-boiled rice samples were purchased from local
market and the rice samples were grounded. Later, grounded rice
samples of 1 mg was taken and homogenized with 10 mL of PBS
(0.1 M, pH 7.4). This mixture was sonicated for 10 min. Finally,
under the optimal experimental conditions, recovery study was
carried out by spiking known amount of MG to homogenized rice
samples.

Results and discussion

Morphological studies

The morphologies of V2O5, V2O5/GSH and V2O5/GSH/Chitosan
are shown in Fig. 1(aec). The morphologies of V2O5 and V2O5/GSH
were in the form of agglomerated arabic gum whereas the V2O5/
GSH/Chitosan showed smooth agglomerated featureless
morphology. In order to highlight the successful formation of V2O5
nanoparticles and their composite with GSH and chitosan, FE-TEM
analysis was performed. The FE-TEM image of the synthesized V2O5
nanoparticles revealed the cuboid-like morphology with a mean
height of 210 nm and a mean length of 228 nm (Fig. 1(d)). On
adding GSH to the V2O5 nanoparticles (Fig. 1(e)), there was an in-
crease in mean height of the nanoparticles around 12 nm with a
size ranging from 190 to 254 nm. It confirmed immobilization of
GSH on the surface of V2O5 nanoparticles. On adding chitosan
membrane to V2O5/GSH, an agglomerated globular morphology
was observed (Fig. 1(f)).

XRD characterization of nanostructured V2O5 sample

X-ray diffraction pattern (Cu K a radiation source1.54 Å) of the
as-prepared V2O5 nanoparticles is shown in Fig. 2(a). For the
nanostructured V2O5 sample, the diffraction peaks were obtained
at 2q ¼ 18.07�, 23.77�, 27.18�, 8.25�, 30.71�, 33.02�, 34.01�, 35.63�,
36.56�, 38.86�, 40.71�, 42.71�, 43.78�, 45.01�, 46.24�, 47.48�, 49.32�,
51.01�, 53.01�, 56.55�, 61.01�, 63.16�, 63.93� corresponding to (200),
(001), (101), (110), (400), (011), (310), (211), (401), (111), (002),
(102), (401), (411), (141), (600), (012), (020), (601), (021), (320),
(710), (711) planes, which confirmed the orthorhombic structure of
V2O5 nanoparticles according to Joint Committee on Powder



Fig. 1. FE-SEM images of the as-prepared (a) V2O5 nanoparticles, (b) V2O5/GSH, (c) V2O5/GSH/Chitosan and FETEM images of (d) V2O5 nanoparticles, (e) V2O5/GSH and (f) V2O5/GSH/
Chitosan.

Fig. 2. (a) XRD pattern of V2O5 nanoparticles and (b) FT-IR spectrum of V2O5/GSH/Chitosan.
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Diffraction Standards (JCPDS) card number 41-1426.
FT-IR study

FT-IR spectrum of V2O5/GSH/Chitosan is shown in Fig. 2(b). The
presence of V2O5 nanoparticles was confirmed by the absorption
bands at 542 cm�1 (symmetric V-O-V), 503 cm�1 (asymmetric V-O-
V), 846 cm�1 (V-O type), and 939 cm�1 (V¼O type). The absorption
bands at 1411 cm�1 (C-O-C stretch), 1142 cm�1 (CH stretch),
1096 cm�1 (CO stretch), 2792 cm�1 (NH2 stretch) and 3780 cm�1

(OH stretch) were observed due to the presence of chitosan. Also,
the absorption bands at 1632 cm�1 (NH stretch), 1997 cm�1 (COO�

stretch) 3011 cm�1 and 3191 cm�1 (symmetric NH stretch),
3476 cm�1 (asymmetric NH stretch), 3566 cm�1, 3734 cm�1 and
3902 cm�1 (OH stretch) formed due to the presence of GSH. The
obtained results confirmed the immobilization of chitosan and GSH
on V2O5 nanoparticles.
Electrochemical behavior of various modified Pt electrodes

Cyclic voltammetric responses of bare Pt, Pt/GSH/Chitosan and
Pt/V2O5/GSH/Chitosan in the absence and presence of 0.1 mMMG in
0.1 M PBS (PH 7.4) at a scan rate of 1 mV s�1 are shown in Fig. 3.
Comparison of electrochemical parameters for various modified Pt
working electrodes are given in Table 1. No significant redox peak
current density was noticed at bare Pt electrode, suggesting the
inability of Pt electrode to electrocatalyse MG to hemithioacetal.
When the cyclic voltammograms of Pt/GSH/Chitosan and Pt/V2O5/
GSH/Chitosan were recorded in the absence of MG, the redox peak
current densities were clearly decreased. On the other hand, cyclic



Fig. 3. Cyclic voltammograms of bare Pt, Pt/GSH/Chitosan and Pt/V2O5/GSH/Chitosan
in the absence and presence of 0.1 mM MG in 0.1 M PBS (pH 7.4) at a scan rate of
1 mV s�1.
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voltammograms of Pt/GSH/Chitosan and Pt/V2O5/GSH/Chitosan in
the presence of MG showed a drastic increase in the peak current
densities, implying that the electron transfer between the Pt
working electrode and immobilized GSH was rapid. This might be
also due to the abundant electron transfer site and high surface area
of V2O5 nanoparticles. Comparing with other modified Pt electrode,
the ratio of anodic to cathodic peak current density for Pt/V2O5/
GSH/Chitosan was greater than 1 with a value of 1.11. It indicated
that V2O5 nanoparticles transferred a large number of electrons in
the anodic process than in the cathodic process.

The MG sensing mechanism at the surface of Pt/GSH/Chitosan is
given as follows: (i) In the absence of MG, Pt/GSH/Chitosan bio-
electrode oxidized GSH to GSSG at �2.74 mV, which was then
subjected to cathodic reduction at 77.37 mV (vs Ag/AgCl). (ii) The
oxidized GSSG reduced at 77.37 mV (vs Ag/AgCl) to form GSH
resulting in two electron transfer in the Pt/GSH/Chitosan
bioelectrode.

2GSH!GSSGþ 2Hþ þ 2e�

In the presence of 0.1 mM MG, the reduced glutathione got
oxidized to GSSG at an applied potential of �32.29 mV (vs Ag/AgCl),
which further reacted with MG at an applied potential of 93.28 mV
(vs Ag/AgCl) to form hemithioacetal. The similar trend was also
observed at Pt/V2O5/GSH/Chitosan bioelectrode.

2GSH/GSSGþ 2Hþ þ 2e�

ðCH3CðOÞCHOÞ þ GSSGþ 2Hþ þ 2e� / CH3COCHðOHÞ � SG

The peak to peak separations (DEp) observed at the cyclic vol-
tammogram of various modified Pt bioelectrodes in the absence
Table 1
Electrochemical parameters estimated for the different modified Pt electrodes.

Electrode DEp
(mV)

Jpc
(mA cm�2)

Jpa
(mA cm�2)

Epc
(mV)

Pt/GSH/Chitosan
(absence of MG)

80.11 208.58 187.55 77.37

Pt/V2O5/GSH/Chitosan
(absence of MG)

103.41 405.78 402.56 85.89

Pt/GSH/Chitosan
(presence of MG)

125.57 501.3 486.11 93.28

Pt/V2O5/GSH/Chitosan
(presence of MG)

158.81 594.2 554.47 111.75
and presence of MG were greater than 60 mV, which revealed the
quasi-reversible electron transfer process. Comparing with Pt/GSH/
Chitosan bioelectrode (DEp ¼ 125.57 mV), only the change in peak
potential separation of Pt/V2O5/GSH/Chitosan bioelectrode
(DEp ¼ 158.81 mV) was larger, which can be attributed to the
different orientation of immobilized GSH biomolecule on V2O5
nanoparticles.

The values of electron transfer rate constant (Ks ¼ Ip
Q , where, Q

is the amount of charge consumed and Ip the peak current) of the
Pt/GSH/Chitosan and Pt/V2O5/GSH/Chitosan bioelectrodes in the
presence of MG were estimated as 2.14, 3.85 s�1 in the cathodic
process and 1.85, 3.52 s�1 in the anodic process respectively. These
values were smaller than that of the Pt/GSH/Chitosan (1.25 and 1.37
s�1 in cathodic and anodic process respectively) and Pt/V2O5/GSH/
Chitosan (1.87 and 2.53 s�1 in cathodic and anodic process
respectively) in the absence of MG. All the above results manifested
that the presence of V2O5 nano-interface enhanced the electron
transfer rate between the immobilized GSH co-factor and Pt
working electrode surface.

The surface coverage (G) of the adsorbed electroactive MG
biomolecule on the modified Pt working electrode was calculated
according to the equation (Eq. (1)),

G ¼ Ipðirrev:Þ2:718 RT
nanaF2A V

(1)

where, F is the Faraday constant, a is the charge transfer coefficient,
T is the room temperature, na is the number of electron involved in
the charge transfer step, G is the surface density of the adsorbed
MG, Ip (irrev.) is the irreversible peak current, R is the gas constant,
V is the scan rate, n is the number of electrons involved in the redox
reaction and A is the area of the Pt working electrode. As given in
Table 1, the surface coverage value of adsorbed electroactive MG on
the Pt/V2O5/GSH/Chitosan bioelectrode (28.95 � 10�9 M cm�2 in
the anodic process and 24.89 � 10�9 M cm�2 in cathodic process)
was higher than that of adsorbed electroactive MG on Pt/GSH/
Chitosan (22.15 � 10�9 M cm�2 in the anodic process and 20.54 �
10�9 M cm�2 in cathodic process) bioelectrode. The enhanced
surface coverage of adsorbed electroactive MG might be due to the
high surface area of V2O5 nanoparticles.
Influence of scan rate on the electrochemical behaviour of Pt/V2O5/
GSH/Chitosan

Fig. 4(a) shows the cyclic voltammograms of Pt/V2O5/GSH/Chi-
tosan bioelectrode recorded at various scan rates ranging from 1 to
10 mV s�1. As can be seen from Fig. 4(b), both the cathodic and
anodic current densities were dependent on the applied scan rate.
Both the anodic (Jpa ¼ 36165.57 [y] þ 142.91, R2 ¼ 0.99) and
cathodic peak current densities (Jpc ¼ �43952.96 [y] - 133.50,
R2 ¼ 0.99) increased linearly with an increase in scan rate from 1 to
Epa
(mV)

Cathode
Ks

(s�1)

Anode
Ks

(s �1)

Cathode
G
(�10�9 M cm�2)

Anode
G
(�10�9 M cm�2)

�2.37 1.25 1.37 9.58 10.25

�17.52 1.87 2.53 10.24 11.68

�32.29 2.14 1.85 20.54 22.15

�47.06 3.85 3.52 24.89 28.95



Fig. 4. (a) Cyclic voltammograms of Pt/V2O5/GSH/Chitosan bioelectrode recorded at various scan rates ranging from 1 to 10 mV s�1 and (b) a plot of peak current density vs scan
rate.
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10 mV s�1. These results indicated that the nature of redox process
was controlled by surface confined electroactive MG biomolecules
adsorbed onto the surface of Pt/V2O5/GSH/Chitosan bioelectrode.
Shift in peak potentials was observed with an increase in the scan
rate revealed the electroactive MG adsorption complications at the
surface of Pt/V2O5/GSH/Chitosan bioelectrode.
Effect of methylglyoxal

Cyclic voltammetric curves of Pt/V2O5/GSH/Chitosan bio-
electrode for increasing MG in 0.1 M PBS (pH 7.4) at 10 mV s�1 are
shown Fig. 5(a). The peak current density of Pt/V2O5/GSH/Chitosan
bioelectrode increased (Jpa ¼ 1726.12 [MG] þ 18.45, R2 ¼ 0.99 and
Jpc ¼ 1130.86 [MG] þ 22.95, R2 ¼ 0.99) with an increase in the MG
concentration ranging from 0.1 to 100 mM (Fig. 5(b)). This increase
in redox current density might be due to the enhanced binding of
electroactive MG to the immobilized GSH. Maximum current
density (Jmax) and Michaelis-Menten constant (KM) were calculated
from the Hanes-Woolf plot. The Jmax and KM determined from
Hanes-Woolf plot were 1608.02 mA cm�2 and 0.65 mM respectively.
From the Hanes-Woolf plot, it was observed that immobilized GSH
in the developed Pt/V2O5/GSH/Chitosan bioelectrode showed good
affinity to MG. The low KM also depicted that the diffusion of
electroactive MG through the chitosan membrane was much easier
in the Pt/V2O5/GSH/Chitosan bioelectrode.

The minimal signal required to detect MG can be calculated
Fig. 5. (a) Cyclic voltammograms of Pt/V2O5/GSH/Chitosan bioelectrode for increasing MG
[MG].
using limit of detection (LOD) and limit of quantification (LOQ) was
calculated using the equations (Eq. (2) and (3)),

LOD ¼ 3� sb
S

(2)

LOQ ¼ 10� sb
S

(3)

where, sb is the standard deviation in the absence ofMG and S is the
slope of calibrated curve in the presence of MG. LOD and LOQ for
the Pt/V2O5/GSH/Chitosan bioelectrode were found to be 2 nM and
6.6 nM respectively. The response time of the developed MG
biosensor was found to be� 18 s. Such a low response timewas due
to the enhanced electron transfer rate provided by V2O5 nano-
interface.

Accuracy

The accuracy of Pt/V2O5/GSH/Chitosan bioelectrode was evalu-
ated using 0.01, 0.5 and 5 mM of MG in 0.1 M PBS (pH 7.4). For 0.01,
0.5 and 5 mM of MG, mean MG detected ± relative error for 4 trials
were 0.01 ± 0.002, 0.5 ± 0.01, 5 ± 0.001 mM respectively.

Precision

Repeatability and reproducibility of Pt/V2O5/GSH/Chitosan
in 0.1 M PBS (pH 7.4) at 10 mV s�1 and (b) calibration plots of peak current density vs



Table 2
Recovery studies of MG in raw and par-boiled rice samples.

Sample Total spiked MG
(Added MG in each case)
(mM)

Total predicted MG
(predicted MG in raw rice þ predicted MG after spiking)
(mM)

Recovery
(%)

RSD
(%)

Raw rice 0 (0) 0.01 (0.01 þ 0) e e

0.3 (0.3) 0.29 (0.01 þ 0.28) 95 3.62
0.4 (0.1) 0.67 (0.01 þ 0.66) 95 3.62
0.6 (0.2) 1.26 (0.01 þ 1.25) 98 1.18
0.8 (0.2) 2.05 (0.01 þ 2.04) 98 0.88

Sample Total spiked MG
(Added MG in each case)
(mM)

Total predicted MG
(predicted MG in par-boiled rice þ predicted MG after spiking)
(mM)

Recovery
(%)

RSD
(%)

Par boiled rice 0 (0) 0.12 (0.12 þ 0) e e

0.2 (0.2) 0.33 (0.12 þ 0.21) 105 3.44
0.4 (0.2) 0.75 (0.12 þ 0.63) 105 3.44
0.6 (0.2) 1.33 (0.12 þ 0.21) 98.66 2.39
0.8 (0.2) 2.12 (0.12 þ 1.0) 98.75 0.88
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bioelectrode with 0.01 mM MG in 0.1 PBS (pH 7.4) for intra-assay
and inter-assay were carried out for 5 times and the obtained re-
sults were analyzed using relative standard deviation (RSD). The
RSD of intra-assay and inter-assay was estimated as 1.2% and 0.7%
respectively. These results indicated that binding between immo-
bilized GSH co-factor V2O5 nanoparticles was good.

Interferent studies

Ascorbic acid (0.1 mM), uric acid (0.1 mM), lactic acid (0.1 mM)
and glucose (0.1 mM) were the common interferents used in the
interferent studies because they have the significant effect in
reducing the catalytic activity of GSH. The concentrations of these
interferents were taken at the higher level than the normal level in
raw and par-boiled rice samples. Percentage Inhibition (%Inhibi-
tion) was calculated using equation (Eq. (4)),

I% ¼ I0 � Ii
I0

� 100 (4)

where, Ii is the obtained current in the presence of inhibitor and I0 is
the obtained current in the absence of inhibitor. Even at the high
interferent concentration used in the study, only 0.72e1.73% degree
of inhibitionwas observed, which confirmed the good specificity of
immobilized GSH co-factor towards MG.

Stability studies

The stability of Pt/V2O5/GSH/Chitosan bioelectrode was calcu-
lated using equation (Eq. (5)),

% Stability ¼ 100�
�
Jn � J0

J0

�
(5)

where, Jn is the measured current density in the ‘n’ day and Jo is the
Table 3
Comparison of performance of the developed MG biosensor with other MG biosensors.

Sample Electrode matrix Sensitivity
(mA mM�1)

Reproduc
(%RSD)

Beer/wine GCE/Pt/SWCNT 0.114 1.95
Human plasma GCE/SWCNT 0.076 2.76
Human blood Pt/ZnO/GLO 1/Chitosan 0.022 6.54
Grilled chicken Pt/ZnO/GLO 1/Chitosan 2.615 5.564
Cow milk Pt/CeO2/GLO 1/Chitosan 2.347 1.34
Rice Pt/V2O5/GSH/Chitosan 35.51 1.2
measured current density in the first day. The dry stability of the
developed Pt/V2O5/GSH/Chitosan bioelectrode was checked for 20
days at room temperature retained approximately 92% of its orig-
inal activity. The increase in stability was due to the biocompatible
environment provided by V2O5 nanoparticles around the immobi-
lized GSH.
Determination of methylglyoxal in rice samples

Results for the quantification of MG in rice samples such as raw
rice and par-boiled rice are given in Table 2. In order to study the
practicability of the developed Pt/V2O5/GSH/Chitosan bioelectrode,
a recovery test was conducted on the rice samples with four levels
of determination: 0.2, 0.4, 0.6 and 0.8 mM. In this recovery study, the
quantified MG concentrations were compared with added MG
concentrations. The concentrations of MG in raw and par-boiled
rice samples were estimated to be 0.01 mM and 0.12 mM respec-
tively. The recovery values of MG in raw rice and par-boiled rice
samples were ranging from 95% to 105%. These recovery results
showed that the potential interferent in the rice samples didn't
interfere the quantification of MG. It also indicated that the
developed bioelectrode was accurate. The RSD of MG in raw rice
and par-boiled rice samples was in range of 0.88e3.62%, which
confirmed the good repeatability and reproducibility of the devel-
oped Pt/V2O5/GSH/Chitosan bioelectrode.

The performance of the developed MG biosensor in this work
was compared with other reported MG biosensors. It is apparent
from Table 3 that the Pt/V2O5/GSH/Chitosan bioelectrode possessed
swift response time and higher sensitivity.
Conclusion

A novel approach for the detection of MG in rice samples using
V2O5 nano-interface modified Pt electrode was developed.
ibility Response time (s) Linear range (mM) Reference

e 0.1e100 [4]
e 0.1e100 [5]
e 0.2e100 [6]
e 0.2e100 [7]
<40 5e50 [3]
<18 0.1e100 Present work
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Significantly, the modified Pt electrode showed an excellent elec-
trocatalytic activity towards the oxidation of GSH to GSSG and the
reduction of MG to hemithioacetal respectively. The specificity was
attained using GSH as a co-factor. The synthesized V2O5 nano-
particles enhanced the electron transfer rate between GSH and Pt
electrode. The developed Pt/V2O5/GSH/Chitosan bioelectrode
exhibited a response time of <18 s, stability of 92% (20 days) with
LOD and LOQ of 2 nM and 6.6 nM respectively. This work could be
further extended towards the detection of MG in the variety of rice
samples.
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