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An amperometric biosensor based on horseradish peroxidase (EC1.11.1.7,H2O2-oxide-reductases) to determine
the content of citrinin mycotoxin in rice samples is proposed by the first time. The method uses carbon paste
electrodes filled up with multi-walled carbon nanotubes embedded in a mineral oil, horseradish peroxidase,
and ferrocene as a redox mediator. The biosensor is covered externally with a dialysis membrane, which is
fixed to the body side of the electrode with a Teflon laboratory film, and an O-ring. The reproducibility and the
repeatability were of 7.0% and 3.0%, respectively, showing a very good biosensor performance. The calibration
curve was linear in a concentration range from 1 to 11.6 nM. The limits of detection and quantification were
0.25 nM and 0.75 nM, respectively. For comparison, the citrinin content in rice samples was also determined
by fluorimetric measurements. A very good correlation was obtained between the electrochemical and spectro-
photometric methods.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Citrinin (CIT; Scheme 1) is a toxic secondary metabolite, which
was first isolated from Penicillium citrinum [1].

CIT is also produced by other species of Penicillium and Aspergillus
[2]. CIT is a kind of compoundwith highly toxic, mutagenic, teratogenic
and carcinogenic properties, and it has been implicated as a causative
agent of hepatic and extra-hepatic carcinogenesis in human [3]. CIT
has often been found in crops, vegetables, and fruits. The International
Agency for Research on Cancer (IARC) lists CIT in the Group 3 [4],
because there is not enough evidence that it is carcinogenic to humans
and cannot be included in the other Groups.

Rice is one of the most important food crops in China, produced
mainly in Northeast and Southeast China [5]. CIT has also been isolated
from cereals causing porcine nephropathy in Brazil [6]. It has been
found as a contaminant in corn [7], wheat, rye, barley, oats [8], and yel-
low peanut kernels with damaged pods [9]. The natural occurrence of
CIT has not yet been reported in Argentina, however, strains of
P. citrinum frequently isolated from corn, wheat, soybeans, and rice
have been reported as efficient producers of CIT [10–12].

To our knowledge, there is no specific legislation onmaximum levels
permitted for CIT in different foods, the main reason being the lack of an
official analytical method for its determination [5].

The methods commonly used to determine qualitative and quan-
titative CIT are thin-layer chromatography (TLC), which exhibits
relatively low sensitivities [13,14], high-performance liquid chroma-
tography (HPLC) with UV or fluorescence detection (FD) [15,16],
and enzyme immunoassays (EIA) [15]. Recently, LC–MS and GC–MS
[17] techniques have also become available for CIT determination.

Another interesting proposal is the use of biosensors. According to
the IUPAC definition, a biosensor is a device that uses specific bio-
chemical reactions mediated by enzymes, immunosystems, tissues,
organelles, or whole cells to detect chemical compounds, mainly
using electrical, thermal, or optical signals. The biosensors have
been proposed as an effective analytical tool for the determination
of phenolic or polyphenolic compounds, exhibiting advantages such
as a minimal preparation of the sample, good selectivity, sensitivity,
and reproducibility, a rapid response time, and a simple application
for continuous in-situ analysis. Recently, a micro fluidic electrochem-
ical immunosensor has been developed for the first time to detect and
quantify CIT in rice samples [18].

In addition, enzymatic amperometric biosensors are considered the
most suitable for biochemical analysis because of their good selectivity,
sensitivity, fast response, miniatuarizable size, and reproducible results
[19]. Ferrocene and its derivatives are substances well-known as redox
mediators [20–23]. Carbon nanotubes (CNTs) [24] have attracted much
attention in last years due to their high chemical stability, high surface
area, unique electronic properties, and relatively high mechanical
properties [25].
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In this article, we propose the development of an amperometric bio-
sensor based on peroxidases to determine the CIT content in rice
samples. The method uses carbon paste electrodes filled up with
multi-walled carbon nanotubes embedded with a mineral oil
(MWCNT+MO), horseradish peroxidase (HRP), and ferrocene (Fc) at
a given composition (MWCNT+MO–HRP–Fc). The composite elec-
trode prepared, MWCNT+MO–HRP–Fc, has a high surface area, good
mechanical stability, and good conductivity, which provides support
to maintain the microenvironment of the immobilized enzyme, to
increase the mediator loading, and, more important, to prevent the
leakage of the mediator.

For comparison, the CIT content in rice sampleswas also determined
by fluorimetric measurements.

2. Materials and methods

2.1. Reagents and materials

CIT, HRP (E.C:1.11.1.7,H2O2-oxide-reductases), Fc and o-dianisidine
were purchased from SIGMA (USA). Phosphate buffer solutions (PBS)
of pH 7 (20 °C; Na2HPO4+KH2PO4, reference number 109439), hydro-
gen peroxide (H2O2), sodium bicarbonate (NaHCO3), hydrochloric acid
(HCl), potassium chloride (KCl), and n-heptane were purchased from

Merck p.a. Chloroform and acetonitrile (ACN), were Sintorgan, HPLC
grade. All reagents were used as received. All solutions were prepared
using water purified by a Labconco WaterPro Mobile System, Model
90901–01 (HPLC grade water).

The concentrations of H2O2 and HRP were determined by UV–vis
spectroscopy at λmax=240 nm (ε=43.6 M−1 cm−1) [26], and at
λmax=403 nm (ε=9×104 M−1 cm−1) [27], respectively. The peroxi-
dase activity was determined with o-dianisidine as substrate [28] and
expressed in international units (IU), which was defined as the amount
of enzyme forming 1 μmol of product in 1 min under the experimental
conditions used.

The MWCNT+MO composite was obtained by mixing different
amounts of MWCNT (Sigma, inner diameter 110–170 nm, length
5–9 μm), purity 90% with a MO (Sigma) at a given composition (55%
MWCNT+45% MO), which was previously optimized by Granero
et al. [29]. The biosensor was covered externally with a dialysis mem-
brane (Scheme 2), which was fixed to the body side of the electrode
with a Teflon laboratory film, and an O-ring. It is well known that phe-
nolic and/or polyphenolic compounds can work as electron-donors for
peroxidases in the catalytic reduction of H2O2 [30,31]. The most com-
mon reactionmechanism for peroxidases which is universally accepted
is shown in Scheme 2 (Eqs. (1)–(4)) [32]. Peroxidase compounds I (CoI,
Eq. (1)) and II (CoII, Eq. (2)) are formed in the presence of low H2O2

concentrations only. Compounds I and II are thus considered to be
obligatory enzyme intermediates in overall peroxidase reaction
regenerating the original ferriperoxidase.

This approach allows detecting the decrease in the H2O2 concentra-
tion in a solution after the oxidation of phenolic and/or polyphenolic
compounds produced by the HRP in the presence of H2O2, given that
HRP acts in cascade in the solution and at the electrode surface. The sep-
aration of the electrode surface from the solution by a semi-permeable
membrane allowsminimizing the electrical noises aswell as the fouling
of the electrode surface.

2.2. Sample preparation

The Departamento de Microbiología e Inmunología, Facultad de
Ciencias Exactas, Físico-Químicas y Naturales, Universidad Nacional de
Río Cuarto, kindly helped us to prepare the rice samples contaminated
with the mycotoxin.
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Scheme 1. Chemical structure of citrinin mycotoxin.

Scheme 2. Two-stage reaction scheme for detecting CIT using a carbon paste electrode filled up with multi-walled carbon nanotubes embedded in a mineral oil (MWCNT+MO),
HRP, and Fc. CIT and CIT• are the reduced and the oxidized forms of CIT, respectively.
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Five rice samples were contaminated by inoculation with P. citrinum
fungi. Water was added to the contaminated rice samples in a 40:60
(w/w) ratio, and allowed fungi to grow up in a shaker at 25 °C for
7 days. The extraction of CIT from the contaminated rice sampleswas car-
ried out following a procedure proposed by Nguyen et al. [3] with some
modifications. Therefore, CIT was extracted from about 25 g of the con-
taminated rice samples with 125 mL of ACN+4% KCl aqueous solution
(9:1). The pH of the solution was adjusted to 2 using a HCl aqueous solu-
tion. Then, the solution was shaken for 20 min at room temperature and
filtered using a Whatman No. 4 filter paper. The purification of the
mycotoxin was carried out by adding 125 mL of n-heptane to the
filtrate, which was shaken for 10 min and, finally, the n-heptane
was discarded. This extraction procedure was repeated for three
times using 50 mL of n-heptane. Then, the lower phase was separat-
ed, and 50 mL of distilled water+50 mL of chloroform were added.
This solution was shaken for 10 min and, then, the lower phase
(chloroform) was collected.

In addition, the aqueous phase was re-extracted twice with 25 mL
of chloroform using the same procedure described previously. The
chloroform phase was extracted with 50 mL of 5% NaHCO3 aqueous
solution and, then, acidified to pH 2 with HCl aqueous solution. The
acidified extract was re-extracted with 50 mL of chloroform. Finally,
the chloroform was evaporated and CIT was dissolved in 200 mL of
methanol.

2.3. Electrochemical instruments and experimental measurements

Cyclic voltammograms and amperometric measurements were
performed using an Epsilon (Bioanalytical System, Inc.) potentiostat,
controlled by the corresponding electrochemical analysis software.
The electrochemical cell was a Pyrex cell of 2 mL. The working elec-
trode was a carbon paste disk of 1.6 mm in diameter obtained from
Bioanalytical System, Inc. The counter and reference electrodes were
a platinum foil of large area (A≈2 cm2), and an aqueous Ag/AgCl,
respectively. Amperometric measurements were performed at a po-
tential of −0.1 V (vs. Ag/AgCl) in solutions stirred at 1600 rpm. We
previously optimized this operational applied potential [29]. The Fc
was used as a redox mediator. Biosensors were constructed by using
the following procedure: MWCNT+MO, HRP, and Fc were mixed in
different weight ratios in order to obtain the best biosensor composi-
tion. Then, the optimal composition was used to fill up carbon paste
electrodes. Biosensors were stored at 4 °C in pH 7 PBS when they
were not in use. Granero et al. [27] previously established an optimal
pH value of 7 for peroxidase enzymes. In addition, measurements
were carried out in non-deoxygenated solutions. UV–vis spectra
were recorded immediately after the preparation of solutions by
using a Hewlett–Packard Model 8452A spectrophotometer.

Fluorescence spectra were measured at room temperature using a
Spex Fluoromax Spectrofluorometer.

3. Results and discussion

3.1. Responses of the MWCNT+MO–HRP–Fc biosensor to H2O2

concentrations

A cyclic voltammogram recorded in unstirred pH 7 PBS
(supporting electrolyte solution) with the MWCNT+MO–HRP–Fc
biosensor showed an increase in the anodic current at potentials
higher than 0.2 V (vs. Ag/AgCl), which corresponds to the oxidation
of Fc to Fc+. A cathodic peak with a peak potential at about 0.18 V
(vs. Ag/AgCl) was observed when the potential sweep direction was
reversed at 0.8 V, which can be assigned to the reduction of Fc+ to
Fc at the electrode surface (Fig. 1). On the other hand, a cyclic
voltammogram recorded when H2O2 was added to the reaction medi-
um showed a cathodic current at potentials more negative than −
0.3 V (vs. Ag/AgCl), which corresponds to the reduction of H2O2 at

the biosensor surface. A similar behavior was previously found by
Sljukic et al. [33] when studied the H2O2 electrochemical reduction
at MWCNTmodified electrodes. Therefore, the base current was prac-
tically zero between −0.3 and 0.15 V (vs. Ag/AgCl) in pH 7 PBS. This
behavior was also previously found by us when a similar biosensor
was employed to determine the t-resveratrol antioxidant using the
commercial reagent [27] and for the determination of the total poly-
phenolic content in wine and tea samples [29].

Studies were then conducted to find the best ratio between the dif-
ferent components of the biosensor in order to obtain its best composi-
tion. Therefore, five biosensors were constructed to optimize the
composition of Fc in the biosensor, for which the proportion of the
other two components remained constant, i.e., 22.5 mg (55%
MWCNT+45% MO), and 1.5 mg of HRP. These five biosensors were
used to study their responses towards H2O2. Therefore, when only
H2O2was added to the stirred reactionmedium, the enzymatic reaction
took place between HRP on the electrode surface and H2O2 penetrated
into the inner layer between the semi permeable membrane and the
electrode surface. H2O2 was reduced to H2O by HRP and the enzyme
was reduced to its native form by Fc, which was oxidized to Fc+. The
Fc+ was then immediately reduced to Fc at the electrode surface held
at a potential of −0.1 V (vs. Ag/AgCl). Steady-state reduction currents
(Is,s) obtained after the addition of different aliquots of H2O2 are
shown in Fig. 2a. The differences between the initial base current (Io)
and the corresponding Is,s (ΔIs,s=Is,s− Io) were proportional to the
H2O2 bulk concentration, [H2O2], showing aMichaelis–Menten type sat-
uration (Fig. 2b). TheMichaelis-Menten term for H2O2 can be expressed
as:

ΔIs;s
ΔImax;H202

¼ H2O2½ �
KA;H2O2

þ H2O2½ � ð5Þ

whereΔImaxH2O2
is the H2O2maximum current, andKA;H2O2

is the appar-
ent Michaelis–Menten constant.

On the other hand, the Eadie–Hofstee equation can be expressed
as:

ΔIs;s ¼ ΔImax;H2O2
−KA;H2O2

ΔIs:s
H2O2½ � : ð6Þ

Plots ofΔIs,s vs.
ΔIs;s
H2O2½ � (Eq. (6)) were linear. From these plots, kinetics

parameters of the MWCNT+MO–HRP–Fc biosensor for H2O2 were cal-
culated. Therefore, average values ofΔImax;H2O2 , and KA;H2O2 were deter-
mined from the intercept and the slope, respectively, of Eadie–Hofstee
plots for five replicated measurements. These values are shown in
Table 1.

Fig. 1. Cyclic voltammogram recorded with the MWCNT+MO–HRP–Fc biosensor in
unstirred pH 7 PBS. v=0.050 V/s.
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From these results, we used those biosensors constructed using 22.5–
1.5–2 mg of MWCNT+MO, HRP, and Fc, respectively, in next experi-
ments, considering that this electrode composition gave the maximum
current value. Then, similar experiments were performed to optimize
the HRP amount. Thus, five new biosensors were constructed, where
the amount of the other two components was remained constant, i.e.,
22.5 mg MWCNT+MO (55% MWCNT+45% MO), and 2 mg Fc. The Is,s
values obtained after the addition of different aliquots of H2O2were sim-
ilar to those shown in Fig. 2a. The corresponding ΔIs,s values were also
proportional to [H2O2], showing a Michaelis–Menten type saturation
(Eq. (5), Fig. 3). From linear plots of ΔIs,s vs.

ΔIs;s
H2O2½ � (Eq. (6)), the kinetics

parameters of the MWCNT+MO–HRP–Fc biosensor for H2O2 were cal-
culated. Averages values of ΔImax;H2O2 , and KA;H2O2 calculated from five
replicated measurements are shown in Table 2. From these results, bio-
sensors constructed using 22.5–2–2 mg of MWCNT+MO (55%
MWCNT+45%MO), HRP, and Fc, respectively, were used in next exper-
iments, considering that this electrode composition gave the maximum
current value.

3.2. Responses of MWCNT+MO–HRP–Fc biosensors to CIT concentrations

When both HRP and CIT were added to the stirred reaction medium
composedbypH 7PBS at a givenH2O2 bulk concentration, the enzymatic
catalytic cycle also took place in the solution bulk (Eqs. (1)–(3) in
Scheme 2). The oxidized HRP, produced as a result of its reaction with
H2O2, is reduced back to its native state by CIT. The decrease of H2O2 in
the solution bulkwas detected as a decrease in the Fc+ reduction current
at the biosensor surface [27]. Thus, the addition of H2O2 to the pH 7
PBS+56 IU/mL HRP reaction medium produced a steady state limiting
current (Is,lim) at −0.1 V (vs. Ag/AgCl) after 120 s, which corresponds
to the reduction of Fc+ generated by HRP catalyzed reduction of H2O2

to H2O (Fig. 4a). The difference between Is,lim with andwithout the addi-
tion of CIT (ΔIs,lim) corresponds to the decrease of H2O2 concentration,
which it is produced because the enzymatic reaction was also taking
place in the bulk solution. The steady state currents obtained after the ad-
dition of different CIT aliquots were reached at about 60 s. Plots of ΔIs,lim
vs. the CIT bulk concentration, [CIT], also showed a Michaelis–Menten
type saturation (Fig. 1b).

Studies were then conducted to optimize the concentrations of
H2O2 and HRP in solution. Therefore, different experiments were
performed in pH 7 PBS containing 56 IU/mL enzyme, and adding
aliquots of the CIT solution at a given fixed concentration of H2O2.
The values of maximum currents, ΔImax,CIT and apparent Michaelis–
Menten constants, KB,CIT for CIT obtained from Eadie–Hofstee plots at
different H2O2 concentrations are shown in Table 3. An optimal
value of 1200 μM for the H2O2 concentration was found. Therefore,
we used in the next experiments a H2O2 concentration in solution of
1200 μM, considering that this H2O2 concentration gave the maxi-
mum current value (Table 3).

Then, similar experiments were performed to optimize the HRP bulk
concentration at a fixed H2O2 concentration (1200 μM). The values of

Fig. 2. (a) Steady-state current responses on the addition of different H2O2 concentra-
tions at the stirred pH 7 PBS reaction medium measured with the MWCNT+MO–
HRP–Fc (22.5–1.5–1.5) biosensor covered with a dialysis membrane. [H2O2]:
(1) 0.005, (2) 0.044, (3) 0.743, and (4) 1.230 mM. (b) Differences between the base
and the steady-state currents, ΔIs,s, as a function of [H2O2] under the same experimen-
tal conditions as (a). The MWCNT+MO–HRP–Fc biosensor compositions were:
-■-(22.5–1.5–0.5) -●-(22.5–1.5–1) -▲-(22.5–1.5–1.5) -▼-(22.5–1.5–2) - -(22.5–1.5–
2.5).

Table 1
Values of the kinetics parameters Imax;H2O2 , and KA;H2O2 obtained from biosensors of dif-
ferent compositions (showed in Fig. 2) after adding different aliquots of H2O2 to pH 7
PBS, with their corresponding standard deviations.

MWCNT+MO–HRP–Fc biosensor composition/mg Imax;H2O2 /μA KA;H2O2
/mM

22.5–1.5–0.5 0.26±0.01 0.25±0.02
22.5–1.5–1 2.19±0.08 0.71±0.03
22.5–1.5–1.5 2.87±0.08 0.77±0.04
22.5–1.5–2 3.20±0.09 0.30±0.02
22.5–1.5–2.5 2.19±0.07 0.33±0.02

Fig. 3. Differences between the base and the steady-state currents, ΔIs,s, as a function of
[H2O2] measured with the MWCNT+MO–HRP–Fc (22.5–1.5-1.5) biosensor covered
with a dialysis membrane after the addition of different H2O2 concentrations at the
stirred pH 7 PBS reaction medium. TheMWCNT+MO–HRP–Fc biosensor compositions
were: -■- (22.5–0.5-2) mg -●- (22.5–1–2) - - (22.5–1.5–2) mg -▲- (22.5–2–2) mg -▼-
(22.5–3–2) mg.

Table 2
Values of the kinetics parameters Imax;H2O2 , and KA;H2O2 obtained from biosensors of dif-
ferent compositions (showed in Fig. 3) after adding different aliquots of H2O2 to pH 7
PBS, with their corresponding standard deviations.

MWCNT+MO–HRP–Fc biosensor composition/mg Imax;H2O2 /μA KA;H2O2
/mM

22.5–0.5–2 0.23±0.01 0.24±0.02
22.5–1–2 0.53±0.02 0.90±0.05
22.5–1.5–2 3.20±0.09 0.30±0.02
22.5–2–2 3.39±0.09 0.48±0.03
22.5–3–2 3.27±0.09 0.32±0.02
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maximumcurrents,ΔImax,CIT and apparentMichaelis–Menten constants,
KB,CIT for CIT obtained fromEadie–Hofstee plots at different HRP concen-
trations are shown in Table 4. The optimum HRP concentration in
solution was 56 IU/mL.

3.3. Biosensor statistical parameters

The reproducibility of the MWCNT+MO–HRP–Fc biosensor was
tested by measuring the calibration curve slopes obtained after
the addition of different CIT aliquots in a solution of pH 7 PBS+
56 IU/mL HRP+1200 μM H2O2 using six different biosensors. A per-
cent relative standard deviation (%RSD) of 7% was obtained. The re-
peatability assays were performed carrying out six consecutive
amperometric measurements with the same biosensor. In this case,
the %RSD of calibration curve slopes was 3%, when a MWCNT+MO–
HRP–Fc (22.5–2–2) biosensor was used in pH 7 PBS+56 IU/mL
HRP+1200 μMH2O2. The stability ofMWCNT+MO–HRP–Fc biosensor
was tested by using the same biosensor to determine the slopes from
several calibration curves (n=5) for CIT. The slopes obtained were
practically constant in the order of the experimental error until about
five days, showing a good stability of the biosensor. A noticeable de-
crease in the slope started from the fifth day and a decrease of about
35% was observed on the seventh day.

The linear range betweenΔIs,lim and CIT bulk concentrationswas from
1 to 11.6 nM. The calibration curve (Fig. 5) can be expressed by a least
squares procedure as:

ΔIs;lim=μA ¼ 0:004� 0:001ð ÞμAþ 0:0140� 0:0003ð ÞμA=nM� CIT½ �

with a linear correlation coefficient, r=0.9991.
The limits of detection (LOD) and quantification (LOQ) for the deter-

mination of CIT usingMWCNT+MO–HRP–Fc biosensors were 0.25 nM
and 0.75 nM, respectively. Theywere calculated as 3.28 S0 and 10 S0, re-
spectively, where S0 is the blank standard deviation [34].

3.4. Application of the MWCNT+MO–HRP–Fc biosensor for the determi-
nation of CIT in rice samples

The MWCNT+MO–HRP–Fc biosensor was then used to determine
the CIT content in different rice samples. The results obtained through
the electrochemical method were then compared with those obtained
through a fluorimetric method. CIT values determined by both methods
are shown in Table 5. There was a good agreement between the concen-
trations calculated by the two methods. Therefore, plots of CIT values
determined by both methods were linear, with a slope of 0.97±0.03
and r=0.9968. These results demonstrate that the present electroanalyt-
ical method is useful for detecting CIT in real samples. In addition, our
electrochemical method showed a LOD and LOQ less than those obtained
fromfluorimetric assays.Moreover, the LODand LOQwere about one and
half and three times lower, respectively, than those values obtained pre-
viously by us with the immunosensor [18]. Furthermore, the sensitivity
obtained with the electrochemical biosensor was high enough to allow
the determination of CIT in rice samples at trace levels.

4. Conclusions

The MWCNT+MO–HRP–Fc biosensor exhibited a very good perfor-
mance, stability, repeatability, reproducibility, detection limit, and linear
range for the quantification of CIT. This good analytical performance
allowedus to determineCIT in samples of rice. The contents of CIT in sam-
ples of rice determined with our biosensor showed a good correlation
with values obtained from thefluorimetricmethod. These results indicate

Fig. 4. (a) Steady-state current responses on the addition of different CIT concentra-
tions in pH 7 PBS under stirring containing 56 IU/mL HRP+875 μM H2O2 measured
with the MWCNT+MO–HRP–Fc (22.5–2–2) biosensor covered with a dialysis mem-
brane. [CIT]: (1) 1; (2) 3; (3) 6; (4) 8.7; (5) 33; (6) 95.5 and (7) 645 nM. (b) Differ-
ences between the base and the steady-state currents, Is,lim, as a function of [CIT]
under the same experimental conditions as in (a).

Table 3
Values of the kinetics parameters Imax,CIT, and KB,CIT obtained from the biosensor
MWCNT+MO–HRP–Fc (22.5–2–2 mg) in response to the addition of different aliquots
of CIT when different fixed concentrations of H2O2 were added to pH 7 PBS+56 IU/mL
HRP reaction medium, with their corresponding standard deviations.

[H2O2]/μM Imax,CIT/μA KB,CIT/mM

300 0.08±0.01 0.008±0.001
600 0.18±0.04 0.019±0.002
875 0.88±0.08 0.067±0.009
1200 3.30±0.09 0.13±0.01
2400 2.12±0.08 0.12±0.01

Table 4
Values of the kinetics parameters Imax,CIT, and KB,CIT obtained from the biosensor
MWCNT+MO–HRP–Fc (22.5–2–2) in response to the addition of different aliquots of
CIT when different fixed concentrations of HRP were added to pH 7 PBS+1200 μM
H2O2 reaction medium, with their corresponding standard deviations.

[HRP]/IU/mL Imax,CIT/μA KB,CIT/mM

27 0.53±0.01 0.013±0.003
37 2.15±0.04 0.10±0.02
56 3.30±0.09 0.13±0.01
146 2.80±0.08 0.21±0.02
243 1.40±0.08 0.10±0.02

Fig. 5. Plots of the differences between the base and the steady-state currents, ΔIs,lim
with corresponding error bars, as a function of [CIT] in a reaction medium containing
56 IU/mL HRP+1200 μM H2O2 in PBS pH 7 under stirring, obtained with the
MWCNT+MO–HRP–Fc (22.5–2–2) biosensor covered with a dialysis membrane.
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that MWCNT+MO–HRP–Fc biosensors can be used as a useful tool for a
rapid screening in the determination of CIT in samples rice.
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