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In this paper, accelerated solvent extraction (ASE) for the analysis of ochratoxin A (OTA) is applied
for the first time. Optimization of the method is given for the extraction of OTA from rice samples.
Several parameters such as type of solvent, temperature, pressure, static time, and cell size were
investigated thoroughly to find the optimal extraction conditions. The optimum ASE operating conditions
were methanol as extraction solvent, 1500 psi, 40 °C, 5 min of static time, 50% flush volume, 60 s
of purge, 1 cycle, and 11 mL cell size. The total extraction time was ~15 min. OTA was determined
by liquid chromatography coupled with a fluorescence detector and confirmed by methyl ester
derivatization. The analytical performance of the method was monitored with quality control parameters.
Finally, the optimized method was used to evaluate 12 rice samples, 1 of which was positive with an
OTA content of 4.17 ng/g. The proposed method offers the possibility of a fast and simple process
to obtain a quantitative extraction of OTA.
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INTRODUCTION methods for OTA and mycotoxins in general are based on thin-

Ochratoxin A (OTA), 7-carboxyl-5-chloro-8-hydroxyl-3,4- layer chromato_grap_hy! enzyme-linked immunosorbent assay
dihydro-3Rmethylisocoumarin-7-$-phenyl-alanine, is a color- (ELISA.)' or mainly |IC1U!d chromatography (LCB}. C_qmmon
less crystalline compound that belongs to a group of closely extraction methodologies are based on the solubility of OTA
related derivatives of isocoumarin linkeditgohenylalanine and :!" o_zjg_alr_uc_zolvents._ Frequer;_t(ljy qued cleanup pr(;cedures are
classified as pentaketides (DTA is a secondary metabolite  'duid—liquid extraction or solid-phase extraction (9).
produced by the generRenicillium (e.g. P. verrucosum) and Accelerated solvent extraction (ASE) is a methodology that
Aspergillus (e.g. A. ochraceus); it has been shown to be USes solvents at relatively high pressure and temperatures at or
teratogenic and immunosuppressive and has been implicatec?POve the boiling point. The experimental parameters of the
in Balkan nephropathy in humans. The International Agency €Xxtraction are temperature, pressure, static time, cell size, and
for Research on Cancer (IARC) lists OTA as possibly carci- solvent used¥0—13).The ASE technique consists, briefly, in

nogenic to humans (group 2B2) A level of 5 ng/g of OTA enclosing a solid sample in a cell and sealing it. The cell is

maximum permitted limit (3). time), the fluid is held in the cell under elevated temperature
Natural occurrence of OTA has been reported from temperate@nd pressure for short periods of time (5—10 min); this step is
subtropical and tropical climates in several foods including rice &/S0 denominated a cycle. This permits contact between the
(4, 5). Rice is one of the most important crops in the world; in solvent and the sample for efficient extraction. Eresh solvent is
2002/2003, 408 661 000 metric tons were consun®dThe flushed through the cell, and compressed gas is used to purge
United Nations has launched a major international drive to the sample extract from the cell into a collection vessel. A fast
increase the production of rice, the staple food for more than €xtraction is possible with ASE due to the use of high
half of the world’s population. temperatures and pressures to keep the solvent. in liquid state.
OTA, due to the co-presence of phenolic and carboxylic This enhances efficiency c'ompared to extractions at room
groups, has an acid nature (pK 4.4). Therefore, OTA is  temperature and atmospheric pressure (14).
soluble in organic solvents, such as chloroform, methanol, and The extraction process in ASE has three subsequent steps.
acetonitrile in acid medium and also in diluted aqueous sodium First, the analytes must diffuse from the core of the matrix to
bicarbonate?). OTA analysis is a multiple-step process usually the surface, and, next, they are transferred from the surface into
based on extraction, cleanup, and determination. Detectionthe extraction fluid. Finally, the analytes are eluted. The ASE
rate is limited by the slowest of these three steps. In ASE, mass
* Corresponding author (fax +34-963544954; e-mail transfer from the core into the solvent is controlled by molecular
jose.soriano@uv.es). diffusion. The respective diffusion coefficient is determined by
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the structure of solutes, extraction temperature, and type oftaple 1. Mean Recoveries of OTA Obtained after Extraction from a
extraction solvent, which provides the opportunity to use a wide Spiked Rice Sample?
variety of solvents, even those not effective in conventional

extraction methods (15). - eXtoraC“O" .
The objective of this study is to optimize the ASE of OTA solvent conditions recovery (%) + RSD (%)
from rice and to make use of the proposed method in naturally mgmgg:/water 7030 ;gi * 22
contaminated rice samples. methanol/water/ammonia (70:29:1) 425+59
methanol/acetic acid (99:1) 442 +57
MATERIALS AND METHODS toluene 59.2+8.0
water 16.3+7.1
Chemicals. OTA crystalline material was purchased from Sigma dichloromethane 29.2+10.3
(St. Louis, MO). A stock standard solution of OTA at 506/mL in ethyl acetate 164 +6.7
methanol was prepared and kept wrapped in aluminum foi2@°C, acetonitrile 261+112

because OTA gradually breaks down under UV light. OTA working
solutions were prepared by dilution in the same solvent and stored in 2 Spiking at 5 ng of OTA/g of rice. Extractions were performed in triplicate.
glass-stoppered tubes a0 °C. ASE operating conditions: 1000 psi, 40 °C, 1 cycle, 5 min static time, 11 mL
High-performance liquid chromatography (HPLC) grade methanol, cells, 60 s purge time.
toluene, dichloromethane, acetonitrile, ethyl acetate, and acetic acid
were supplied by Merck (Darmstadt, Germany). Formic acid was redissolved in mobile phase. Then @D is analyzed using LC-FLD.
obtained from Scharlau (Barcelona, Spain). Deionized water (k$25  The reaction yields-90% (5).
was obtained using a Milli-Q water purification system (Millipore,
Bedford, MA).
Sampling.Rice Oryza satia) samples were collected from different
rice packers and supermarkets. All samples were stored in sealed plastic Achieving maximum efficiency is probably the greatest
bags and kept at 25C in a dark and dry place. The samples were concern in ASE method development. Because several param-

divided with a subsample divider. A 200 g subsample was milled and eters influence the extraction efficiency, a general discussion
collected in a plastic bag and stored under the same conditions until 5¢ tnege parameters is presented.

analysis.
Sample Fortification Procedure. The recovery (percentage of

RESULTS AND DISCUSSION

Solvent Selection ASE can be performed with almost any

X ) olvent or mixture of solvents (except strong concentrated bases

standard added to sample that is recovered after extraction and cleanup . . - . .
of the extraction method was determined by sample fortification. Five .nd acids). The _SeIeCt'On of a suitable extraction solvent is the
grams of milled rice was fortified 1 h before extraction with a solution fIrSt challenge in ASE method development (1Beveral
of OTA in methanol at 0.05g/mL. The OTA fortification soluton ~ Solvents and combinations of solvents [methanol, methanol/
(0.05g/mL) was prepared in methanol and used for quantification of water (70:30), methanol/water/ammonia (70:29:1), methanol/
the analyte recovered after extraction. Samples were fortified with 0.5 acetic acid (99:1), toluene, water, dichloromethane, ethyl acetate,
mL of this solution in order to have 5 ng of OTA/g of rice, which is  acetonitrile] were tried for the extraction of OTA from rice.
the maximum permitted limit in cereals. ASE conditions for these trials were as follows: 1000 psi, 40

ASE. An automated Dionex ASE 200 system (Dionex Co., Sunnyville, °C 1 cycle, 5 min static time, and 11 mL cells. It was decided
CA) was used for OTA ext_ractions. Stainles_s steel extraction cglls Were to work with these solvents for three reasons. Primarily, some
?S%ﬁgxaégr)‘ivﬁgg ggg;g‘;‘gmf‘?s"&gf:tg'fésu(s’; j':r? dcvr\;?tﬁfgqgeﬁ] of them are used for the extraction of OTA by several authors
diameter glass microfiber filters for water or methanol/water/ammonia Ob.tammg good recoveneﬂ@—Zl).Secondarlly, QTA’ as an.
(70:29:1 viv) as extraction solvent. Five grams of milled rice was poured ac!d (pKa_: 4-4)., IS querately .Soluble. in organic solvents in
into an 11 mL extraction cell, fortified with the OTA fortification ~ acid medium. Finally, in ASE itis possible to use solvents that
solution, and closed. Several extraction solvents were tried, for example,are not effective in conventional methods because the solubi-
methanol, toluene, dichloromethane, acetonitrile, ethyl acetate, water,lizing power is increased by high temperature and presdisie (
methanol/water (70:30 v/v), methanol/water/ammonia (32%) (70:29:1 Results of this first trial are shown ifable 1.
v/v), and methanol/acetic acid (99:1 v/v). These results show that under these conditions methanol was

At the end of each extraction a total extract volume-d2 mL was the solvent with best recoveries of OTA. However, it was
evaporated to dryness using a Blichi Rotavapor R-200. After redis- gecided to perform various experiments with all solvents,
solving in methanol,_ the extract was pour_ed into an assay tube, changing the temperature (40, 60, anc’8) and pressure (500,
evaporated at 58C with a gentle stream of nitrogen, and taken to a 1000, 1500, 2000, and 2500 psi). According to Gan et),(

final volume of 0.5 mL at room temperature. This final solution was alona with time. these are the most important variables that can
stored at 4°C until injection at room temperature on the liquid 9 ! P

chromatograph—fluorescence detector (LC-FLD) for analysis. affect the extraction efficiency by ASE. B .
LC-FLD Determination. A Shimadzu (Kyoto, Japan) SCL-6A After this was done, we selected the conditions of highest

liguid chromatography system equipped with two LC-6A pumps, a recoveries of OTA with every solvent. For each solvent it was
Rheodyne model 7125 injector (20L loop), and an SRF-535  possible to obtain better recoveries of OTA by using a pressure
fluorescence detector were used. A LC Phenomenex column Ligna C and temperature higher than the conditions tried at first’ @0
(5 um) (150 x 4.6 mm i.d.) was employed with a mobile phase and 1000 psi). Methanol is still the solvent with the best recovery
consisting of metha_moI/O.l M formic acid (7030 V/V) ata ﬂOW rate of values (Table 2) Therefore, it was chosen as the solvent for
0.7 mL/min acc_:ordlng to t_he method of Blesa et &)). Detection of ASE of OTA from rice followed by its detection by LC. The
eo;ﬁa\tl;/c?r? ;nfgrf:]is%?;nusrg'sgp:ﬁi/e?;d 464 nm as wavelengths for o o methanol can be pointed out as a general advantage for
’ : extracting because in this way the use of halogenated solvents

Confirmation Procedure. The identity of OTA was confirmed by is avoided. the extraction procedure is facilitated because no
methyl ester formation according to the method of Zimmerli and Dick IS avol ’ X lon p ure | ti u

(1995) (16).Briefly, this technique consists of adding 2.5 mL of Mixtures have to be prepared, and methanol is a low-cost
methanol and 0.1 mL of concentrated hydrochloric acid to 20®f solvent.

OTA residue. The vial is closed and kept overnight at room temperature.  Effect of Temperature and Pressure.The use of high

The reaction mixture is evaporated to dryness and the residue temperatures during the extraction process affects the properties
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Table 2. ASE Operating Conditions of Best Recoveries of OTA for vV (a)
Each Solvent? 2.0E04 - OTA
ASE conditions 15€04
pressure temp % of
solvent (psi) (°C) recovery 1.0E04 -
methanol 1500 40 95.0
methanol/water (70:30) 500 40 70.5 50E03 A
methanol/water/ammonia (70:29:1) 500 40 72.8
methanol/acetic acid (99:1) 1000 60 64.0 00EO0D |
toluene 1500 60 74.8 > M pa pA 10 (miry
water 1500 60 39.3
dichloromethane 1500 60 51.3 v
ethyl acetate 1000 40 211 b

acetonitrile 1000 40 34.1 60E03 - (b)
2Spiking at 5 ng of OTA/g of rice. ASE operating conditions: 11 mL cells, 1 40E03 1
cycle, 5 min static time, 60 s purge time.
OTA
2.0E03 A
of a solvent. It increases diffusion rates and the capacity to
solubilize analytes. Interactions between analytes and matrix S.0E00 1
components are weakened, and there is a decrease in viscosity -
and surface tension. With the use of high pressure in the -20E03 -

extraction process, the solvent is kept in a liquid state when 2 4 & 8 1o min
temperatures at or above the boiling point are being used. It wv
also improves the extraction efficiency by forcing the solvent 4003 (c)
into areas that would not normally be contacted using atmo-
spheric conditions (814).
A temperature of 40C was chosen for ASE of OTA from OTA
rice because it gave recoveries 290%. As the temperature ;. |
was increased above 4@, the extraction efficiency decreased.
As was mentioned before, high temperatures will increase ™
solubility and mass transfer, but selectivity also decrea®gs ( \
therefore, matrix components are coextracted. Considering that g g g gg oo e
rice has an elevated content of starch and other components 2 A 5 8 10 ¢miny
highly soluble in alcohol at high temperatures, it is feasible that
under these extracting conditions their solubility in methanol pv (d)
is higher than the solubility of OTA, causing saturation of the g A
solvent and a low content of OTA in solution.
ASEs of OTA from rice samples with methanol were carried _ _ . | OTA-CH,

out using different pressures (500, 1000, 1500, 2000, and 2500
psi). The highest recovery of OTA was obtained at 1500 psi. A
decrease in ASE recoveries of OTA was observed when2°E®
pressures>1500 psi were utilized (2000 and 2500 psi) at 40

°C, even when several author8, (L2, 14) have not found a 10E03 -
relationship between pressure and recovery. In this case higher
pressure along with temperature improves a better extractiongogo
of matrix components than of OTA. 5 10 15 20 (min)

Effect of Cell Size and Number of Cycles.During the Figure 1. LC-FLD chromatograms: (a) fortification solution, 0.05 z«g/mL
optimization of the method, two different cell sizes were tried, of OTA; (b) rice sample spiked at 5 ng/g of OTA; (c) positive rice sample
thatis, 11 and 22 mL. For both sizes the same quantity of rice with an OTA content of 4.17 ng/g; (d) methylated rice sample spiked at
(5 g) and the conditions previously established were used. 5 ng/g of OTA extract.

There were no differences between recoveries of OTA by
using either the 11 or 22 mL cell size. However, with the 11 Analytical Performance. The mean recovery of fortified rice
mL cells a lower quantity of solvent is used, which is in general samples (n= 8) at a level of 5 ng/g of OTA was 94.0%, with
an environmental and economic advantage. a relative standard deviation of 2.5%. These values at a

To investigate the effects of extraction time on extraction fortification level of 15 ng/g remain almost the same. At this
efficiency, time was varied by augmenting the number of fortification level, the mean recovery of the method is 90.7%,
extraction cycles (one, two, and three cycles). When multiple with a relative standard deviation of 2.8%. The values obtained
cycles are used, the application of static time (5 min in this for recovery and relative standard deviation of the optimized
case) and the solvent flush step are repeated. These wouldnethod are in agreement with Commission Directive 2002/26/
improve the penetration of solvent into the sample interstices EC for methods of analysis of OTA in foodstuffa3). These
and the contact of the solvent with the analyte. In this study, results indicate good recovery and reproducibility of the method
we did not observe an enhancement in recoveries of OTA by optimized in this work. Methodologies such as solid-phase
increasing the time used in extraction; thus, a 5 min cycle was extraction and liquietliquid extraction yield 66-120% (24),
set for the extraction of OTA from rice. considering that the proposed method of ASE of OTA from
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rice with LC-FLD offers also several advantages; for example,
it is an automated procedure that allows up to 24 programmed
extractions to be performed, the quantity of solvents used is
lessened, and it does not require a large amount of sample
Therefore, it is a good alternative that allows the analysis to be
performed with good precision and accuracy.

Several parameters were taken into consideration to establish

quality control of the method, such as limit of detection and
limit of quantification, which were calculated by applying the
3o criterion (25), and inter- and intraday variations. The limits
of detection and quantification were 0.01 and 0.03 ng/g,
respectively. The analytical work was conducted on three
different days in triplicate to detect any day-to-day effects.
Certification exercises on several mycotoxins indicate the
possibility that the variation (inter- and intraday) values for
duplicate recovery experiments do not exceed 123%).(At a
fortification level of 5 ng/g of OTA, an interday variation of
5.5% and an intraday variation of 4.7% were obtained. Accord-
ing to these results it can be said that the analytical work
conducted fulfills both requirements.

Application of the Optimized Method to Real Rice

Samples.Twelve rice samples were purchased and treated as

described under Materials and Methods. The optimized ASE
method was applied for the analysis of OTA in these samples.
One of these samples contained an OTA level of 4.17 ng/g.
According to Commission Regulation (EC) No. 472/2002, this
level is below that established as the maximum permitted level
of OTA in cereals.

The chromatograms corresponding to the optimized ASE of
OTA in a spiked rice sample and a naturally contaminated rice
sample are shown iRigure 1 as are the chromatograms of the
OTA fortification solution and of the methylated extract. There
were no interfering peaks near the retention time of OTA,
allowing the quantitation of the analyte. Retention times for
OTA and methylated OTA (OTA-Ck) were 8.53 and 18.2 min,
respectively.
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