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Assay of ochratoxin A in grape by high-pressure liquid chromatography
coupled on line with an ESI–mass spectrometry
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Abstract

In this paper, we propose a method for detection of ochratoxin A (OTA) in grapes by using nano-reversed-phase high-performance liquid
chromatography–electrospray ionization–mass spectrometry (nano-RP-HPLC–ESI–MS). The method is rapid, highly sensitive and reproducible.
OTA is extracted preferably from the entire acinus, rather than must; using chloroform at long incubation time period, lyophilized, resolubilized
in acetonitrile (AcCN) and injected onto a reversed phase capillary or analytical column. Capillary columns are the method of choice because it
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equires a reduced amount of injected sample and consequently the chloroform necessary for OTA extraction, which is a toxic agent. T
ives a detection limit of femtog/ml, without resorting to an immunoaffinity clean-up or concentration, which makes it by far superio
ther method reported. Moreover, by using MS as a detection method it is possible, in the case of a complex matrix, to measure it
ass and to confirm the presence of OTA by MS–MS, which cannot be done by fluorescent detection. The method has a high samp

hroughput (24/h) and has adequate precision (between batch C.V. <8%) and sensitivity (limit of detection (LOD) = 1 pg/g; limits of quantificatio
LOQ) = 2 pg/g) for OTA measured.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Ochratoxin A (OTA) is a mycotoxin produced by some
pecies ofPenicillium andAspergillus. This molecule is widely
resent in cereal grains, vegetables and dried fruit as well as
eat (pork and chicken) and fish, and so could contaminate
uman and animal food[1–6]. Due to the range of products in
hich OTA is found, avoidance of dietary intake by humans of
TA is almost impossible. The average human daily intake of
TA has been estimated at 85 ng/day or 1.2 ng/kg leading to
lasma levels of 0.5 ng/ml though these levels can vary consid-
rably depending on individual and regional dietary habits[7].

t has been demonstrated that OTA is nephrotoxic for a wide
ange of animals and particularly for pigs. It can cause liver dis-
ases and it also has immunodepressive, tetrogenic, genotoxic
nd carcinogenic effects in humans[8–12]. For all of these rea-
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sons the International Agency for Cancer Research clas
OTA in the B group as a possible cancerogenic substanc
humans.

The presence of this toxin in must and wines was sign
for the first time in 1996 by Zimmerli and Dick[13] and late
confirmed by others[14–17]. OTA was subsequently found
some Swiss wines as well as in some others produced in diff
regions; forcing the competent authorities to stop selling t
drinks[9,12]. The presence of OTA in must and wine is du
the fact that fungi can contaminate grapes before they are
vested as well as later during the different steps involved in
production but this will only occur if the grape skin is dama
[17]. Different authors have promoted different methodolo
to detect OTA in foodstuffs where it could be present: im
noenzymatic tests were used to screen cereal grains[14,18],
while immunoaffinity chromatography and high-performa
liquid chromatography (HPLC) were used to investigate co
[19–21]. In the particular case of wine, it has been demonstr
that good results can be obtained using IAC columns[22–23].
Although the procedures used to isolate and purify the OT
these methodologies differ substantially[24], the protocols to
570-0232/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2006.01.003
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detect OTA in wine consist of four different steps: isolation,
purification, concentration, and OTA identification. However,
when must is the starting material, OTA yields can be less than
50%, due to the fact that must has to be previously centrifuged,
to avoid blocking the IAC columns, so a large part of the OTA
in the sample is lost because it adheres to the solid portions of
the grapes[22]. Moreover, problems arise during the solvent
extraction of OTA from must, because this forms an emulsion
that results in loss of analyte and hence results that cannot be
reproduced[25]. To this regard when OTA is localized on the
surface of the sample, such as green coffee or barley it is easy
to extract exhaustively from solid matrix using liquid–liquid
repartition and long incubation time[26,27]. On this line, con-
sidering that in the grape the toxin appears to be mainly present
in the skin and is only found in the juice after the fruit has
been crushed and macerated, it is highly desirable to develop
new methods for extracting and detecting the presence of OTA
in vineyards before grapes are harvested and used to produce
wine. Regarding the OTA detection, it is well known that its
determination using only spectroscopic techniques or fluores-
cence emission can generate artifacts which could compromise
correct identification, especially when there are other chemi-
cals present in the sample. Moreover, analytical problems such
as coelution of interfering compounds or retention time shifts
can lead to erroneous positive or negative results. This problem,
that can be found in complex matrix when spectroscopic or flu-
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bility of the stock solution was checked spectrophotometrically,
OTA was stable in the refrigerator over a period of several
months. Formic acid, ethanol, as well as HPLC-grade water
and acetonitrile were obtained from Carlo Erba (Milan, Italy).
Ammonia solution (33%) was from Riedel-de Haen (Seelze,
Germany).

2.2. OTA extraction from grape using chloroform

When analytical columns were used, 100 g of grapes were
dissolved in a cylinder with 100 ml of chloroform, while in the
case of capillary columns 10 g of grapes were dissolved with
10 ml of chloroform. In both cases, extraction was obtained by
turning the vial gently for 24 h, without any homogenization,
on the assumption that OTA is localized on the surface of the
grapes[26,27]. The mixture was centrifuged at 10,000×g for
10 min. The pellet (about 30% of the total solution) was fur-
ther treated with chloroform to check the presence of residual
OTA, while 30 ml of the extract solution (or 3 ml when capillary
columns were used) was evaporated under a gentle stream of
nitrogen by rotavapor at 30◦C. The lyophilized was solubilized
with 10 ml of H2O or ethanol or AcCN (or 1 ml for capillary
columns).

2.3. OTA extraction using immunoaffinity column
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rescent detection are used, was overcome in our case
irect coupling of liquid chromatography (LC) and mass s

rometry (MS) using soft ionisation techniques. It is known
ass spectrometry is a powerful and sensitive technique
hich traces of chemical compounds can be identified in

emtomole range. Measurement of intact molecular weig
n analyte by mass spectrometry is indisputable and has a
een accepted by the scientific community as an estab
ethod for the unequivocal identification of an unknown c
ound which does not give false positives[28–34]. Nevertheles
PLC coupled with mass spectrometric detection is desc

n a very limited number of papers for a few sample matr
uch as human blood[35,36], beer[22,37,38]and coffee[39]
nd wine[16,30,34,37,40].

So, our goal was to set up a method that could deter
he presence of OTA in grapes by chloroform extraction f
ntact or slightly mashed grape with identification achieved
sing nano-reversed phase columns coupled on-line with
pectrometers. The method set up for OTA from must and g
an be applied to any other food.

. Experimental

.1. Chemicals and reagents

The ochratoxin A standard used was obtained f
igma–Aldrich, Oakville, Ont., Canada. The pure standard

n liquid form and was stored in the dark at 4◦C. a stock standa
olution (50�g/ml) was made in 100% acetonitrile (AcCN). T
tock solution was calibrated spectrophotometrically at 333
sing the extinction coefficient 5550 M−1 cm−1 [41]. The sta
e

y
d

s
s

s

,

The method described by Visconti et al.[22] was used. Eac
ample of OTA extracted by chloroform from entire aci
nd must (10 ml) were diluted with a solution (10 ml) c

aining 1% poly(ethylene glycol) and 5% sodium hydrogen
onate, mixed and filtered through Whatman GF/A microfi
lter, and a 10 ml volume of diluted extract cleaned up thro
n OchraTest immunoaffinity column (Vicam Inc., Waterto
A) at a flow-rate of about 1 drop per second. The column
ashed with 5 ml solution containing sodium chloride (2.5
nd sodium hydrogenocarbonate (0.5%) followed by 5 ml

illed water at a flow-rate of 1–2 drops per second. OTA
luted with 2 ml methanol and collected in a clean vial (Kim
lass, USA). The eluted extract was evaporated under nit

tream at ca. 50◦C and reconstituted with 250�l of the HPLC
obile phase.

.4. High-performance liquid chromatographic (HPLC)
ethod and calibration experiences for fluorescence
etection and immunoaffinity column

The HPLC apparatus consisted of a Perkin-Elmer s
00 lc pump chromatographic system equipped with a R
yne Model 7125 injection valve (Rheodyne, Cotati C
SA). The fluorescence detector used was a Perkin-E
odel LC 240 (λex = 333 and 460 nm when using an a
obile phase;λex = 380 and 440 nm when using an alkal
obile phase). For diluted samples, a loop of 250�l was used
s injection system; in the other cases the loop was 5�l.
he sample components were separated in a reversed
18 column packed with 5-�m porous butyl silica particle

Vydac Protein C-18, 250 mm× 4.6 mm Group, Hesperi
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CA). The Vydac C-18 column was pre-equilibrated with 5%
(v/v) aqueous acetonitrile solution containing 0.05% formic
acid and samples were eluted using a gradient consisting of a
first linear gradient from 5 to 60% (v/v) acetonitrile in 15 min,
followed by a second gradient segment from 60 to 90% (v/v)
acetonitrile in 5 min. At the end of the run, the column was
flushed with 100% acetonitrile for 5 min. This post run gradient
was used in order to ensure that hydrophobic contaminants were
eluted from the column. Samples were eluted at a flow-rate of
1.0 ml/min.

The standard solutions needed to obtain the calibration lines
were prepared in the same eluent as the one used in the mobile
phase. Two sets of solutions were prepared. The first one was
used to quantify the most concentrated samples and ranged from
0.1 to 1 mg/L the other set was used to determine the lowest
contents of OTA and ranged from 10 to 50�g/L.

2.5. Nano-HPLC–ESI–MS and calibration experiences

In order to reduce the amount of sample for analysis, and
consequently the chloroform necessary for OTA extraction, cap-
illary columns were used.

Liquid chromatography was carried out at 200 nl/min using
an Ultimate nano-HPLC (LC-Packings, a Dionex Company,
Italy). The column was integrated with an ion trap mass
spectrometer Esquire 3000 plus (Bruker Daltonik, Germany).
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3. Results and discussion

In order to develop a rapid and unequivocal reversed-phase
high-performance liquid chromatography (RP-HPLC) method
for the determination of ochratoxin A in foods such as grapes,
a systematic study was carried out to establish the optimal
chromatographic conditions compatible with using a mass spec-
trometer as detector, due to its high sensibility and accuracy.

Using grapes as starting material, our preliminary search led
to the conclusion that chloroform extraction was the best method
for OTA determination, being it exhaustive and reproducible
(see later). Obviously, the chloroform must be eliminated before
injecting a sample onto a C18 column, and we tested various
solvents to find out which was most suitable to solubilize the
OTA once the chloroform had been removed. So, a standard
solution of commercial ochratoxin A was dissolved in three dif-
ferent solvents including H2O and ethanol, which are commonly
used for affinity columns[22], and the third was AcCN. Each
sample was injected onto a C18 analytical column or capillary
column. Capillary columns were used in preference to analyt-
ical ones because they require less analysis time and smaller
samples. The latter aspect is of interest because, even though
chloroform it is an exhaustive extracting agent of OTA using
liquid–liquid repartition, it is an unpleasant solvent and there-
fore must be minimized as much as possible. In a pilot run OTA
was detected by fluorescent detector, as it is well known that this
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amples were introduced onto the column by a sample inje
alve with a 1�l sample loop. The proteins were separate
reversed-phase capillary column packed with 5-�m porous

utyl silica particles (Vydac Protein C-18, 15 cm× 180�m
.D., 5�m 300Å Group, Hesperia, CA). All solutions we
ltered through a membrane filter (type FH 0.5-�m, Millipore,
ilan, Italy) and degassed by sparging with helium du
se. The Vydac C-18 capillary column was pre-equilibr
ith 5% (v/v) aqueous acetonitrile solution containing 0.0

ormic acid and samples were eluted using a gradient cons
f a first linear gradient from 5 to 60% (v/v) acetonitrile
5 min, followed by a second gradient segment from 6
0% (v/v) acetonitrile in 5 min. At the end of the run,
olumn was flushed using 100% acetonitrile for 5 min. T
ost run gradient was used in order to ensure that hydrop
ontaminants were eluted from the column. ESI–MS
erformed on an ion trap mass spectrometer (Esquire
lus, Bruker Daltonik, Bremen, Germany). For analysis w
neumatically assisted ESI, an electrospray voltage of 3–
nd a Nebulizer 20 psi and Dry Gas 5 L/min were emplo
he temperature of dry gas was set to 300◦C. Full-scan spectr
ere acquired over the rangem/z 200–500 (scan duration 1
he product ion spectra were recorded using helium as col
as.

The calibration curve was obtained by analysing OTA s
ard solutions at six concentration levels (range: 0.01–0.1 n

hree determinations at each level have been performed)
ignificance of linear regression and intercept (not significa
ifferent from 0) were calculated by SPSS 8.0 statistical soft
ith the ANOVA model and the Student’st-test, respectivel

regression:Y = (42500± 543)X, r2 = 0.9881).
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hemical absorbs between 333 and 380 nm emitting a stron
al from 440 to 450 nm. Elution of OTA from reversed ph
an be done either by an isocratic or gradient solution u
cCN as a basic eluent together with an appropriate bu
e also investigated the effect of pH on spectroscopic emi

f OTA during elution, as we knew it to be higher at alka
H [32]. Some studies reported that post-column fluoresc
as enhanced by addition of ammonia solution enabling

o reach a detection limit of 0.003 ng/ml[38]. So we eluted
TA with either an acetonitril–ammonia buffer (NH4Cl/NH3,
0 mM, at pH 9.8) eluent was 15:85 (v/v) (Fig. 1A) or with
cetonitrile–water (50:50 v/v), adding 1% acetic acid or for
cid to give a pH of 6.0 (Fig. 1B). When isocratic elution wa
sed we found that in both cases chromatograms had a
eak (Fig. 1). As we moved from acid pH to alkaline solutio

he elution time of OTA increased from 4 to 8 min, but th
as a 10-fold enhancement in OTA fluorescence. There
o significant differences apparent in OTA detected by H
r fluorescence whether the solvent used was H2O, ethanol o
cCN. However, elution at alkaline pH affords a distinct adv

age, giving rise as it does to a stronger signal, which ma
ufficient to detect OTA at concentrations as low as 0.1 ng
his obviously represents a significant increase in OTA dete
hen HPLC is the only instrument available, but bearing in m

hat the fluorescence signal of a chemical is strongly influe
y the solvent in which it has been dissolved, as well as o
ndesirable components which are inevitable when the sa
omes from a food with a complex matrix, we decided to tr
etect OTA using a mass spectrometer, which is more sen

han fluorescence. Therefore, the outlet of capillary column
oupled on line with an ion trap interfaced by an electros
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Fig. 1. Chromatograms of a OTA standard solution by using C18 column. (A)
Elution by isocratic solution acetonitril-ammonia buffer (NH4Cl/NH3, 20 mM,
at pH 9.8) eluent was 15:85 (v/v). (B) Elution by acetonitrile–water 50:50 (v/v)
added of 1 % of acetic acid or formic acid, having a pH of 6.0.

source. This strategy allowed the injection of a small sample
(1�l), which resulted in a much reduced amount of chloroform
for OTA extraction from solid matrix. Moreover, this strategy
meant that we could not only measure the molecular mass of the
chemical and consequently identify OTA unequivocally, but also
take advantage of the greater sensitivity of the mass spectrom-
etry, which is able to pick up chemicals in the nano-femtomole
range, where spectroscopic signals are not normally detected.
Obviously, we first had to calibrate the chromatographic sepa-
ration to optimize mass spectrometer detection. Because of the
alkaline buffer we had to use the negative ionization mode and
the fragment [M− H]− with anm/z = 402 was the ion that could
be monitored. However, in this modality AcCN adducts were
found (data not shown) which could mask or interfere with the
OTA signal. So, we decided to use positive mode and reverted to
using an acid buffer containing formic acid as an ion-pair, even
though this meant losing some of the fluorescence emission of
OTA. In compensation however, it was possible to use gradi-
ent elution with this eluent, to obtain a better OTA resolution
when trying to identify it from a complex chemical mixture. So,
using this strategy the fluorescence detector could be bypassed
and the reconstructed ion current (RIC) used for monitoring the
HPLC run and detection of OTA.Fig. 2shows the RIC recorded
when different concentrations of OTA, previously solubilized

Fig. 2. Reconstructed ion current (RIC) recorded in positive modality upon
74.67 femtomole/ml; 149.85 femtomole/ml) previously solubilized in AcCN. The
or formic acid, having a pH of 6.0. (inset A) ESI spectra of OTA. (inset B) MS–
in ethanol. Electrospray parameters: electrospay voltage of 2–3 kV; temperatu
loading onto the capillary different concentration of OTA (24.89 femtomole/ml;
mobile phase used was acetonitrile–water 50:50 (v/v) added of 0.05% of acetic acid

MS–ESI spectra of OTA. (inset C) RIC recorded upon injection of OTA solubilized
re dry gas 300◦C; scan range 300–500.
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in AcCN, were loaded onto the capillary. The inset A reports
the m/z of the ESI spectra of standard OTA. The molecular
mass found was 404 corresponding to the [M + H]+ expected
for Ochratoxin A. However, in order to be sure that the peak
observed corresponds unequivocally to OTA a further MS–MS
was performed using soft energy collision. The valuem/z = 360
reported in inset B corresponds to the [M + H-CO2]+ ion which
is formed at this low collision energy, where only the CO2 group
is removed.Fig. 2clearly shows that with an ion trap OTA can be
detected in femtomole concentrations. So, not only is the mass
spectrometer method rapid and simple but unlike the fluores-
cence procedure it can identify trace amounts of the chemical.
Interestingly, when OTA was solubilized in H2O there was no
appreciable RIC signal, whereas OTA solubilized in ethanol gave
two peaks, one observed at 12 min, and a smaller peak near
the front. Interestingly, MS analysis of both peaks gave a value
of m/z = 404, MS–MS of which gave am/z = 360, confirming
that both peaks contained OTA (inset CFig. 2). This indicates
that OTA is partially fractionated in ethanol or two adducts are
formed, therefore its concentration would be underestimated if
the only peak observed was that at 12 min, as would have been the
case with the fluorescent detector. Furthermore, since our paral-
lel determination of OTA in meat gave successful results (data
not shown), it can be concluded that OTA once extracted from
any food can easily and rapidly detected with a simple HPLC
run, without purification or prior clean up procedures, but by
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Fig. 3. (A) Chromatograms of a natural acinus sample (grey line) and of a spiked
acinus sample (black line). (B) Chromatograms of a naturally contaminated
commercial grape acinus. Conditions as described in the legend forFig. 2.

entire acinus or slightly mashed acinus. It can be observed that
the values reported in the right column are higher, indicating
that extraction of OTA from entire acinus gives the greatest
amount of mycotoxin. This corroborates the hypothesis that all
OTA is localized on the grape skin and homogenization of aci-
nus causes a reduction of liquid–liquid repartition. Moreover,
when must is the starting material, a centrifugation step has to
be included to avoid blocking the column, with the result that
up to 30–40% of OTA is lost as it sticks to the pelleted solid
material.

OTA extracted by chloroform from must or acinus was also
determined by IAC column method. Interestingly, the OTA
determined by IAC was 30–40% less than the value reported
in Table 1(data not shown). This loss is probably related to the
numerous manipulations that the IAC method requires.

Table 1
Comparison of OTA amount detected in must or from entire acinus by using
chloroform extraction two different extraction methods

Matrix Extraction from must by
chloroform (�g/kg)

Extraction from entire Acinus
by chlorofprm (�g/kg)

White 1 0.21 0.26
White 2 0.17 0.33
White 3 0.09 0.19
Red 1 0.31 0.45
Red 2 2.20 2.27
R

imply dissolving it in 5% AcCN and loading it onto a rever
hase capillary or analytical column. Moreover, by using a

rap OTA can be detected in femtomole quantities, but sen
ty was also enhanced when the HPLC photodiode array an
hromatography mass selective detection was used, rev
.1–2 mg/L[35], or immunoaffinity column[22] or fluorescenc
etection was used, which improved detection up to 0.1 ng

.1. Application of method to grapes

Direct measurement of OTA in wine is important, but m
o is the ability to detect its presence in grapes that are still
ineyards, before they are harvested and used to produce
specially considering the fact that the toxin is mainly prese

he grape skin[26,27]and is only found in the juice after crus
ng and maceration. Moreover, solvent extraction of OTA f

ust by stirring has the disadvantage of causing an emu
hich leads to the loss of analyte and hence not reprodu

esults. Thus, taking into account that easy and rapid chloro
xtraction of OTA from an entire acinus may be a way to ach
his, we compared the OTA extracted from entire acinus or m
tarting from material clearly affected byAspergillus. Interest-
ngly, overnight chloroform extraction of OTA from grapes
ot cause emulsion and resulted to be the most convenien
ealistic way to determinate its concentration. The OTA p
ere well separated from interfering peaks in less than 10
s shown inFig. 3A and B.

Table 1compares the OTA in�g/kg determined on 10
hen capillary column was used, or 100 g in the case of

ytical column. The left column shows OTA extracted fr
ust, whereas the right column shows OTA determined
ed 3 0.41 0.99
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Finally, it is worth remarking that the sensitivity of the method
used here allows the appearance of fungi to be seen shortly after
they first infect when OTA spread is minimal. Thus, for the sake
of consumer safety, an OTA analysis should be carried out on
grapes directly before their harvesting, to ensure that OTA will
not be present in end products like wine.

3.2. Analytical quality assurance

With our method nano-HPLC ESI–MS, within the spiking
range of 0.01 0.05 and 0.1�g/L, the mean recovery for OTA
in spiked grape samples, was of 96± 1, 95± 5, and 93± 6%,
respectively, while the average R.S.D. was 3%. No matrix effect
was observed. Recovery experiments were performed on OTA
free samples (three determinations at each concentration level
were performed). The limit of detection (LOD), defined as three
times the chromatographic base line noise, was 0.01�g/L (1�L
injected) and the limits of quantification (LOQ), defined as
10 times the signal-to-noise ratio, were 0.02�g/L, whereas by
HPLC–FLD the LOD was 0.05 and LOQ was 0.10�g/L. A blank
(the same grapes without OTA) was analyzed after every five
samples. A reagent blank was analyzed at the beginning of each
run.

Ochratoxin was considered as positively identified in grape
samples when: (a) the ratio of the retention time of the ana-
lyte to that of the corresponding IS corresponded to that of the
c ak
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presence of ochratoxinogenic strains in time to prevent wine
contamination.

The most efficient way to protect consumers against OTA
health hazards is therefore to implement good agricultural prac-
tice to minimize the presence of fungal strains on the grapes and
therefore reduce the possibility of OTA production during the
wine-making process. The main ways to achieve this would be
appropriate antifungal treatment of vines and strict control of
the wine-making process.
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