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This work described the development and characterization of an electrochemical method using square
wave voltammetry (SWV) combined with the use of modified magnetic nanoparticles (MNPs), which had
shown a rapid and sensitive determination of ochratoxin A (OTA) in wine grapes (Cabernet Sauvignon,
Malbec and Syrah) post-harvest tissues. The wine grapes were inoculated with Aspergillus ochraceus to
obtain OTA in artificially infected samples. The OTA was directly determined using square-wave voltam-
metry. The current obtained is directly proportional to the concentration of OTA present in the samples.
This method has been used for OTA determination in wine grapes and it was validated against a com-
mercial ELISA test kit. The limits of detection calculated for electrochemical detection and the ELISA were
0.02 and 1.9 wg kg, respectively and the coefficients of variation for accuracy and precision dates were
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Wine grapes below 5.5%. This method promises to be suitable for the detection and quantification of OTA in apparently
Square-wave voltammetry healthy fruits post-harvest for assuring safety and quality of food as well as consumer’s health.
ELISA © 2010 Elsevier B.V. All rights reserved.

1. Introduction

Ochratoxins are cyclical pentaketides containing a portion of
isocoumarin, usually bound to L-phenylalanine for a carboxyl
group, through an amide bond. There are five types of ochra-
toxins, however, the most toxic is the ochratoxin A (OTA). In
its structure of 7-carboxyl-5-chloro-8-hydroxyl-3,4-dihydro-3R-
methylisocoumarin-7-L-3-phenylalanine (Fig. 1), the portion of
isocoumarin is chlorinated and linked to an L-phenylalanine [1,2].
OTA is a naturally occurring mycotoxin produced by several species
of Aspergillus (e.g. A. ochraceus) and Penicillium (e.g. P. verrucosum)
growing in different agricultural commodities in the field or during
storage [3]. This mycotoxin has been increasing concern worldwide
because of the hazard it poses to human health. Also it exhibits
an unusual toxicokinetics with a half-life in blood of 35 days after
oral ingestion [4]. The International Agency of Research on Can-
cer (IARC) has classified OTA as a possible carcinogenic compound
(Group 2B, possibly by induction of oxidative DNA damage) for
humans (World Health Organization, 1996) since it causes immuno
suppression and immuno toxicity [5]. OTA has been found mainly
in food derived from plants, such as cereals [6-8], coffee [9], nuts
[10], spices[11],and wine [12,13].]t has also been reported to occur
in fruits (apples, oranges, plums, grapes and dried fruits) and fruit
juices (apple juice, grape juice, and orange juice) [14,15]. Due to
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these findings many countries have established limits on OTA levels
in food, typically between 1 and 10 ugkg~!, depending on the type
and quality of the foodstuffs [16]. This is an important parameter
that justifies the development of an inexpensive analytical method
for a fast and reliable determination of OTA at these concentrations.

Many detection techniques have been used for the deter-
mination of OTA in different kind of samples [17]. Traditional
methods for OTA analysis are usually performed by thin layer
chromatography (TLC), high performance liquid chromatography
(HPLC), and gas chromatography (GC), coupled to UV/V, fluores-
cence (FL) or mass spectrometry (MS) [18-20]. Immunoaffinity
columns (IACs) coupled to traditional methods have been widely
used as a cleanup tool and their use is highly recommended, allow-
ing the isolation of the analyte from most matrix interferences, due
to its specificity, and analyte preconcentration, necessary when
low limits of detection are required [21]. However, these tech-
niques require expensive and sophisticated equipment as well as
complicated and time-consuming solvent cleanup steps. Enzyme
linked immune sorbent assays (ELISAs) have also been proposed
for the quantification of OTA [22,6]. Several ELISA strategies were
recently investigated for the development of OTA electrochemical
immunosensors based on different OTA immobilization procedures
[23,24]. Therefore, the ELISA as alternative method for the detec-
tion and quantification of OTA, unfortunately, requires a tedious
assay time. Nowadays, the electroanalytical methods shows impor-
tant advantages compared to traditional methods currently in use
because no separation procedure is required prior to substrate
determination. Furthermore, the required instrumentation is typ-
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Fig. 1. Chemical structure of ochratoxin A.

ically less expensive, smaller amounts of solvent are necessary
and the analysis time is shorter than chromatographic measure-
ments. Among the electroanalytical methods, Osteryoung square
wave voltammetry (OSWV), pioneered by Baker and Jenkins [25]
in the 1950s, has become a popular technique for analytical work
due to its speed and sensitivity [26]. However, the detection limits
obtained by this technique are not adequate for OTA determination.

In recent years, with the rapid development of the nanostruc-
tured materials, the magnetic nanoparticles (MNPs) have received
considerable attention for their novel properties [27,28]. MNPs are
a class of nanoparticles (i.e., engineered particulate materials of
<100 nm) that can be manipulated under the influence of an exter-
nal magnetic field. MNPs are commonly composed of magnetic
elements, such as iron, nickel, cobalt and their oxides. Up to date,
the application of MNPs have stretched to various areas including
magnetic recording, magnetic fluids [29], immobilization of pro-
teins [30], detection of DNA hybridization [31], drug delivery [28],
etc. Recently, MNPs have also been studied by electrochemistry
[32]. The excellent physical properties of the nanoparticles, such as
high surface/volume ratio, unique absorption spectrum, and elec-
tric conductivity, present itself a great beneficial and suitable for
the applications inimmobilization. The use of MNPs as versatile and
efficient substrates for the immobilization of antibody or antigen
have showed not only an enhance the of the amount of antibod-
ies or antigens immobilized on its surface, but also preserve the
activity of the immobilized biomolecules [33,34].

The ability of OTA to persist through the food chain and the
observation of both acute and chronic effects in animals and
humans have made evident the need to develop reliable, easy,
cost-effective and fast analytical methods for its monitoring and
control.

In our knowledge, there is not a assay which involves the growth
of Aspergillus ochraceus and its OTA production in wine grapes
(Cabernet Sauvignon, Malbec and Syrah) with modified MNPs and
OSWV using glassy carbon as working electrode for OTA deter-
mination. Thus, in this report, we present and discuss a simple,
accurate, sensitive and selective method for OTA determination in
wine grapes. In this method OTA is captured by modified MNPs
with antibody anti-OTA. Then the bound OTA was desorbed with
an acidic media and it was directly determined using OSWV. The
results obtained have very promising analytical applications for
direct determination of OTA at trace levels.

2. Materials and methods
2.1. Reagents and solutions

All reagents used were of analytical or biochemical grade. OTA
was purchased from Sigma Chemical Co. (St. Louis, MO, USA) and
used as received. The mouse monoclonal antibody 3C5 to Ochra-
toxin A (ab23965) was obtained from Abcam Inc. (Cambridge,
England) and used as received. Glutaraldehyde (25% aqueous solu-

tion) and HCIO4 were purchased from Merck (Darmstadt, Germany)
and used without further purification. The MNPs amino function-
alized (55 mgmL-1) were purchased from Fluka (Buchs/Schweiz,
USA). Methanol (MeOH) 99,98% was purchased by Biopack, Bs As,
Argentina. All other reagents employed were of analytical grade
and were used without further purifications. All solutions were
prepared with ultra-high-quality water obtained from a Barnstead
Easy pure RF compact ultra-pure water system.

The AgraQuant® for OTA ELISA kit for the quantitative deter-
mination of OTA was purchased from Romer Labs®, Misiones,
Argentina and was used in accordance with the manufacturer’s
instructions [35].

2.2. Apparatus and experimental measurements

Electrochemical experiments were performed in unstirred solu-
tions using a BAS 100B/W electrochemical analyzer (Bioanalytical
System, West Lafayette, IN), using positive feedback routine to
compensate the ohmic resistance. Cyclic and square wave voltam-
mograms were obtained using a three electrodes system consisted
of a glassy carbon (GCE) working electrode model BAS MF-2012,
3.0 mm diameter and 0.071 cm? geometrical area. It was polished
with wet alumina powder, copiously rinsed with bidistilled water
and sonicated in a water bath for 2 min. Then, it was electrochemi-
cally activated in aqueous 1 mol L-1 KOH by applying a potential of
1.2V over 5 min, according to the methodology described by Anjo
et al. [36]. Finally, it was transferred to a blank solution (aque-
ous 0.2mol L~! HCIO4) and cycled 10 times between 0 and 1.4 V.
When this pre-treatment was applied to the working electrode,
the peak currents and peak potentials obtained in the voltammo-
grams were highly reproducible. The reference electrode was an
Ag|AgCli3mol L' NaCl BAS MF-2052 and the counter electrode
was a large area Pt wire. Before each new solution was studied,
the working electrode was carefully polished, PK-4 polishing Kits
BAS MF-2060, and rinsed following the general guideline recom-
mended for BAS. To ensure reproducible measurement conditions
the samples were deareated by bubbling nitrogen through the solu-
tions for at least 10 min prior to measurement. The temperature for
electrochemical experiments was 25 +1°C.

All pH measurements were made with an Orion Expandable lon
Analyzer (Orion Research Inc., Cambridge, MA, USA) Model EA 940
equipped with a glass combination electrode (Orion Research Inc.).

Absorbance was determined with a Bio-Rad Benchmark
microplate reader (Japan) and Beckman DU 520 General UV/vis
spectrophotometer.

2.3. Organism and culture conditions

A. ochraceus (NRRL) 3174 was used in this study. The fungus was
maintained on potato dextrose agar (PDA) at 4 °C. For conidial pro-
duction, A. ochraceus was grown on PDA at 25 + 2 °C for 7 days. After
a week, spores were harvested and suspended in 10 mL of sterile
the 0.01 molL-! phosphate buffer saline (PBS) pH 7.2 containing
0.005% (v/v) Tween 80. The concentration of spore suspension was
determined with a Neubauer chamber and adjusted with PBS to
1 x 10° sporesmL~1.

2.4. Growth and OTA-production ability in wine grapes

Quality wine grapes (Cabernet Sauvignon, Malbec and Syrah),
without any commercial postharvest treatment, were purchased
from alocal fruit market in Mendoza City, Argentina. Fruits selected
were free of wounds and rots and as much as possible homoge-
neous in maturity and size. The wine grapes were used after a
short storage period at 4°C (no longer than 1 week). Before each
experiment the wine grapes were dipped in a NaClO 0.5% solution
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for 1 min, rinsed with sterile distilled water, allowed to air dry at
room temperature and randomized. The fruits peel was wounded
with a sterile steel scalpel by making injuries 1 mm deep by 1 mm
wide by 1 mm long. Two wounds were made at the top and bot-
tom and two on the circumference of each fruit. 20 p.L of the above
spore suspension of A. ochraceus (1 x 10° spores mL~1) was applied
to each wound. Three wine grapes constituted a negative con-
trol. The wine grapes samples (Cabernet Sauvignon, Malbec and
Syrah) were incubated at 28 4+ 2 °C. After 7 days, for a maximum of
20 days, four pieces (20 g) of tissues containing the wounds were
removed with a sterile cork borer (10 mm diameter) from each fruit
to determine OTA production. Each experiment was repeated three
times.

2.5. Sample preparation and extraction

The samples were extracted according to AgraQuant® for OTA
ELISAKit [35]. The mycotoxin production on the wounds was inves-
tigated by using the 20 g of peel surface segments removed from
each wine grape. OTA was extracted with a mixture 150 mL of 70%
MeOH (v/v) and were shacked vigorously for 3 min. Finally the
extract was filtered through a Whatman #1 filter paper and 100 mL
of the filtrate were collected and used as sample.

2.6. ELISA for determination of OTA

An OTA standard was supplied with the AgraQuant® for OTA
ELISA Kit. OTA in samples was determined in duplicate using this
commercial ELISA Kit [35]. A standard curve for the spectrophoto-
metric procedure was produced by following the manufacturer’s
protocol with a range of detection of 0-40 wgkg~!. Concentra-
tions of OTA were detected spectrophotometrically by measuring
absorbance changes at 450 nm.

2.7. Immobilization of mouse monoclonal anti-OTA on MNPs
amino functionalized

Mouse monoclonal anti-OTA antibody was immobilized on the
MNPs amino functionalized in an Eppendorf tube. 100 L of MNPs
amino functionalized were washed with 1.0 mL of PBS pH 7.2 for
three times. The pellet was suspended in 1.0 mL of an aqueous solu-
tion of 5% (w/w) glutaraldehyde at pH 10.00 (0.20 mol L-! sodium
carbonate buffer, pH 10) with continuous mixing for 2 h at room
temperature. After three washes with PBS pH 7.2 to remove the
excess of glutaraldehyde, 250 L of antibody preparation (dilution
1:2000 in 0.01 molL~! PBS, pH 7.2) was coupled to the residual
aldehyde groups with continuous mixing for 12 hat5 °C. The immo-
bilized antibodies preparation was finally washed with PBS pH
7.2 and resuspended in 250 pL of the same buffer at 5°C. Immo-
bilized antibody preparations were perfectly stable for at least 1
month.

2.8. Square wave voltammetry parameters

In order to establish the optimum conditions for the determina-
tions of OTA by means of OSWV technique, various instrumental
variables were studied and the optimum conditions were:
step E=0.010V, S.W. amplitude =0.050V, S.W. frequency = 10 Hz,
samples per point =256, studied potential range=0.7-1.4V, sensi-
tivity=1x 10> AV-1,

2.9. Procedure
This method was applied to the determination of OTA in 28

commercials wine grapes (Cabernet Sauvignon, Malbec and Syrah)
samples. Initially, the immobilized antibodies preparations on

MNPs were conditioned with 1 mL of desorption buffer (0.1 mol L-!
citrate buffer pH 2.00), mixing at room temperature for 5min.
After that, they were rinsed with 0.01 molL-! PBS (pH 7.2) and
the nonspecific binding of the immobilized antibodies preparations
on MNPs was blocked by 10 min treatment at 37 °C with 3% skim
milk in a 0.01molL-! PBS (pH 7.2); finally washed three times
with 0.01 molL~! PBS (pH 7.2) and stored in 250 L of the same
buffer.

100 mL of the filtered extract obtained in Section 2.5 contain-
ing 0.5-50 wgkg~! of OTA was put into a 200 mL beaker. Then
30 L (260 pg) of modified MNPs were added to the solution and
they were incubated for 10 min at room temperature in shaking
condition. In this step, the OTA present in the samples, reacted
immunologically with the anti-OTA antibodies immobilized on
MNPs [37,38]. Then the modified MNPs were separated by an exter-
nal removable magnet and washed three times with 0.01 mol L-!
PBS (pH 7.2) to remove the remaining solution, after they were
quantitatively transferred into a small volume electrochemical cell
using 500 L of desorption solution (total volume of solution in
the electrochemical cell) of 0.2molL-! perchloric acid (HCIOy).
After 1 min, the OTA present in the solution was determined using
OSWV. Therefore, the current response was directly proportional to
the amount of the OTA present in the samples. The blank solution
was prepared in the same way except that 100 mL of bidistilled
water was used instead of the sample solution. The difference
between the current of the blank and sample solution was then
calculated.

3. Results and discussion

The MNPs have shown to be a powerful and versatile tool in a
variety of analytical and biotechnology applications [39-41]. The
use of these particles greatly improves the performance of the
immunological reaction, due to an increase in the surface area, as
well as the faster assay kinetics achieved because the beads are in
suspension. One of the most effective technology platforms is the
usage of MNPs as substrates for immobilizing bioactive materials,
which can be separated by an external magnetic field. Some recent
reports demonstrated the successful applications of MNPs in the
immobilization of biomolecules. The MNPs modified with amine
groups on the surface, provided a plenty anchor sites for covalently
binding of antibodies via glutaraldehyde. Therefore, the antibodies
for OTA were attached on the surface of MNPs, forming magnetic
bionanoparticles via of glutaraldehyde.

3.1. Electrochemical behavior/oxidation

The capture of OTA on modified MNPs modified with antibody-
anti-OTA was an efficient method for the preconcentration of very
low levels of OTA in real samples. The OTA bound to the nanoparti-
cles could be desorbed and directly measured in an acidic solution
by the following reaction (Scheme 1).

The progress of this reaction was monitored measuring the oxi-
dation de OTA, using GCE as working electrode. The increase in
the sensitivity depends on the electroanalytical technique to uti-
lize. The advantages of square wave voltammetry (SWV) are the
great speed of analysis, the low consumption of the electroactive
species in relation with differential pulse voltammetry (DPV), and
the reduction of the problems with the poisoning of the electrode
surface. A greater advantage of SWV is the possibility to see during
only one scan if the electron transfer reaction is reversible or not.
Since the current is sampled in both positive and negative-going
pulses, the peaks corresponding to the oxidation and reduction of
the electroactive species at the electrode surface can be obtained in
the same experiment [42]. Also, SWV experiments show a higher
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Scheme 1. Schematic representation of the immunological reaction.

sensitivity than DPV since much faster scan rates can be used
(100mVs~! for SWV compared to 5mVs~! for DPV). Taking into
account these facts, the analytical determination of OTA was car-
ried out using SWV by direct measurement of its oxidation peak.
The electrochemical behavior of OTA was studied.

A typical cyclic voltammogram of 0.5mmolL-! OTA in
0.2molL~! HCIO, solution as supporting electrolyte (scan rate:
50mVs-1; T=25+1°C) is shown in Fig. 2, and its behavior has
been previously studied [43-45]. The cyclic voltammogram of
OTA in 0.2 mol L-! HCIO4 solution showed a single anodic peak at
Epa=+1.25V for the potential range 0.7-1.4V, which corresponded
to the one-electron transfer of OTA. When the canning was in the
negative direction, no reduction peak were observed, showing that
the oxidation of OTA in this reaction media is an irreversible pro-
cess, and also indicating clearly a complicated reaction mechanism
with one or more chemical reactions coupled to the initial elec-
tron transfer [36,46]. In this irreversible process, there is no peak

E(V)

Fig.2. Cyclic voltammogram of 0.5 mmol L~! OTA recorded in 0.2 mol L~ perchloric
acid solution (scan rate: 50mVs~'; T=25+1°C), the working electrode was a GC
disk, and the reference electrode was an Ag|AgCl|3 molL~! NaCl.

current ratio (anodic/cathodic), particularly during the repetitive
recycling of potential; therefore, it can be considered as criteria for
the irreversibility of OTA produced at the surface of electrode under
the experimental conditions. Under these observations, we could
proposed than measuring the direct electrochemical oxidation of
OTA (proposed method) appears to be more sensitive and faster
than the measuring the indirect electrochemical oxidation of OTA
(reported methods) for its determination, using OSWYV as electro-
analytical technique. A mechanism for the direct electrochemical
oxidation of OTA in pH 2.0 0.2molL~! HCIO4 was proposed in
Scheme 1.

By the other hand, oxidation current was decreasing with a suc-
cessive scans and it can be explained taking into account that the
adsorption of both OTA and OTA oxidation products, at the GCE sur-
face, leads to the blocking of the electrode surface (Fig. 3), because
the adsorption of OTA and/or its oxidation product is very strong
in acid electrolytes [44].

06 07 08 09 10 11 12 13 14 15
E(V)

Fig. 3. Consecutive cyclic voltammograms obtained in 0.5mmolL-! OTA in
0.2mol L~ perchloric acid solution: (1) first, (2) third and (3) tenth potential scan
(scan rate: 50mVs~!; T=2541°C), the working electrode was a GC disk, and the
reference electrode was a Ag|AgCl|3 mol L-! NaCl.
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The CVs were also obtained for different scan rates in
0.1mmolL~! OTA in pH 2.0 0.2molL-! HCIO,4 (data not shown).
When the scan rate was increased, the anodic peak current
increases too, following a linear relationship with scan rate. It
could be explained taking into consideration the adsorption of OTA
molecules and/or their oxidation products at the GCE surface. Such
a kind of behavior was already described for electrochemical oxi-
dation of OTA at a GCE [44].

On the other hand, the difference between the change of the
current for sample reaction (the reaction in the presence of OTA)
and blank reaction (the reaction in the absence of OTA) was a linear
relationship with the amount of OTA in a defined concentration
range. Therefore, this direct electrochemical method was suitable
for the determination of OTA in wine grapes after desorption of the
modified MNPs.

3.2. Study of variables

In order to optimize the working conditions for the desorption of
OTA of the MNPs, its signal was directly monitored by OSWV using
GCE as working electrode while pH of the solution was changed.
The working pH values were in the 1.0-5.0 range at the 10 pgkg~!
OTA level (data not shown). Based on these results, the pH selected
was 2.0 (0.06 mL of concentrated HCIO4 (72%) in 100 mL of solution
containing OTA).

As mentioned before, the OTA bound to the nanoparticles were
desorbed in acidic solution. The concentration of acid influenced
in desorption of OTA. In order to study the effect of the HCIO4
concentration, a known amount of OTA, bound to the modified
MNPs, was removed from the MNPs using a 0.5mL solution of
0.2mol L1 HClO4. The HClO4 concentration was changed in the
range 0.05-0.25mol L~ (Fig. 4). The difference between the cur-
rent of blank and sample (AI) increased rapidly between 0.10
and 0.18 mol L~ of HClO4 and it remained constant between 0.18
and 0.25molL~1. Therefore, a concentration of 0.20 molL~! was
selected as optimum.

The effect of the final volume for the electrochemical determi-
nation of OTA was studied using solution volumes of 0.25-2.5 mL
containing 0.20molL~! HClO4 (data not shown). The results
showed that the measured current decreased lineally with solu-
tion size up to 2.5 mL. Therefore, a volume of 0.5 mL was selected
as optimum.

3.4

3,24

3,0+

Al (pA)

2,8

2,6

2,44

-1
chno‘ (mol L)

Fig. 4. Study of perchloric acid concentration on the desorption of OTA. Cora:
10 pgkg=!; Cunps: 260 pg.

Table 1
Accuracy and precision dates for OTA obtained by the OSWV method.

Added (pgkg) Found (pgkg™1) Precision (pgkg—') Accuracy® (%)
OTA
2.0 1.90 X=1.90+0.1 5.0

. - CV=5.26% .
50 510 X=5.10+0.15 20

. . CV=294% .
10.0 10.44 X=1044+0.22 44

. : CV=211% .
X=19.82+0.37

20.0 19.92 CV=1.87% 0.4

4 X=mean=+S.D.
b Accuracy =[(found — added)/added] x 100.

The effect of the sample volume on the antigen antibody reac-
tion was studied for sample volumes of 25-250 mL containing
10 pgkg~! of OTA. The OTA was collected on 260 pg of modified
nanoparticles. Variations in sample volume between 25 and 100 mL
did not affect the reaction of OTA, but at higher volumes the reaction
of OTA decreased. For the determination of lower concentrations of
OTA, all experiments were carried out at 100 mL of sample solution
(data not shown).

A 500 pL solution containing 10 wgkg~! of OTA were analyzed
by the proposed method using 20-400 p.g of modified MNPs. The
results are shown in Fig. 5. The current was increased in rela-
tion with the amount of modified nanoparticles till 220 wg and
remained constant at higher values. Therefore, 260 pg modified
nanoparticles was used for routine works.

3.3. Analytical parameters

A calibration curve for the proposed method was made
analyzing eight different (n=6) standard solution containing
0.03-100 g kg1 of OTA in 500 p.L of solution.

The calibration curve was plotted using Al versus concentration
of the standard solutions and it showed a linear range between
0.5 and 50 wgkg~!. The data were analyzed by linear regression
least-squares fit method. The calibration graph shows the follow-
ing equation AI=0.127 +0.332 x Cota With a correlation coefficient
of 0.997. Where Al is the difference between current of the blank
and sample expressed in WA and Cora is the concentration of OTA
in the sample solution in pgkg~1. The coefficient of variation (CV)
for the determination of 10 ugkg~! of OTA solution was below 3%
(six replicates). The limit of detection (LOD) (considered as the con-
centration that gives a signal tree times the standard deviation SD
of the blank) was 0.02 wgkg~! with a limit of quantitation (LOQ)
(considered as the concentration that gives a signal seven times the
SD of the blank) of 0.05 wgkg~!. In order to evaluate the analytical
applicability of the proposed method, a recovery study was devel-
opment. The results are given in Table 1. In this table, to evaluate
the accuracy and precision of the method, a series of independent
standard samples were used.

The electroanalytical method developed for the determination
of OTA using the mouse monoclonal antibody 3C5 to Ochratoxin A
(ab23965) is very important because it avoids interferences with
many organic compounds such as glucose, fructose or phenolic,
tannic, tartaric, malic and ascorbic acids, since all these substances
are oxidized at the GCE. As a result of this essay, oxidation current
was not observed in the same potential range that OTA (Table 2).

4. Application

In order to evaluate the analytical applicability of the proposed
method, it was applied to the determination of OTA in wine grapes
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Fig. 5. Study of the amount of modified MNPs on the recovery of OTA. Cora: 10; CHCIO4 : 0.2 mol L1,

samples and PBS doped samples. The wine grapes samples and PBS
doped samples were processed following the procedure in Section
2.5 and their OTA contents were measured by the proposed method
(Table 2). As this table shows, the results of the recovery of added
OTA were satisfactory. On he other hand, it was clearly demon-
strated that there were not matrix effects on the OTA bounded
on anti-OTA antibody functionalized MNPs, performing analysis of
both PBS and extract OTA-added solutions and reading the same
OTA contents.

The electrochemical method was compared with a commercial
spectrophotometric method [35] for the quantification of OTA in 28
commercials wine grapes tissues samples. The slope obtained was
reasonably close to 1, indicating a good correspondence between
the two methods (Fig. 6). Compared with the ELISA, our method
shows large enhancement in sensitivity and its sensitivity is high

Table 2
Analytical applicability of the proposed method. Determination of OTA in wine
grapes and PBS doped samples.

Sample OTA (pgkg™)

Added Found?
. . 2.0 2.03 £ 0.02
Wine grapes (Mendoza, Argentina) 50 498 + 011
10.0 9.92 + 0.07
2.0 2.04 £ 0.07
PBS doped sample 50 509 + 0.08
10.0 9.97 £+ 0.04

3 Mean of six determinations +S.D.

enough to determine OTA in unknown samples with very low lev-
els.

The proposed method was compared with the existing meth-
ods reported for solid phase extraction and determination of OTA.
Table 3 indicates that the results obtained by the proposed method
were similar or better than the results obtained by existing methods
and provided a wider dynamic range.

12 5

10 4

oo
1

Linear Regression for:
Y (ELISA)=A + B * X (OSWV)

ELISA (ng kg™")
[e)]
1

# A 00184
B 09959
R SD N
: 0,9948 02208 28
T il T L2 T i T * T L3 1
2 4 6 8 10 12
OSWV (ug kg')

Fig. 6. Correlation between proposed method and spectrophotometric immunoas-
say.
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Table 3

Comparison of the proposed method and other reported methods for the solid phase extraction and determination of OTA.
Samples Solid-phase Reported methods Detection limit? Reference
Wine grapes Micro-titer plates ELISA 1.9 [35]
Wine grapes IAC, C18 HPLC-FLD 1.0 [48]
Table grapes IAC, C18 HPLC-FLD 0.1 [49]
Table grapes IAC, C18 Nano-RP-HPLC-ESI-MS 0.001 [50]
Wine grapes Spherisorb ODS2 SPE-LC/FL 0.004 [51]
Wine grapes C18 Luna SPE-LC/FL 0.02 [52]
Wine grapes MNPs oswv 0.02 Proposed method
* pugkg™.

5. Conclusions

This study showed that OTA, a fungal metabolite which presents
carcinogenic, teratogenic and nephrotoxic properties, could be
monitored using a GCE by OSWV. The development of a voltam-
metric technique combined with the use of MNPs was suitable for
the determination of OTA in wine grapes samples after an specific
antigen antibody reaction on modified MNPs. This method showed
many advantages like the low cost, wide linear range, reproducibil-
ity, accuracy with excellent LOD. The developed procedure was
successfully applied to three/several different red grape varieties.

The proposed method could be a very promising analytical tool
for the direct determination of OTA in real samples and it could
become important if the tolerance levels of OTA in fruits are estab-
lished in a near future.

6. Safety

OTA is a toxic compound that needs to be manipulated with
care and with the appropriate safety precautions. Decontamina-
tion procedures for laboratory wastes have been reported by the
International Agency on Research on Cancer (IARC) [47] and were
employed throughout this experimental work.
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