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Abstract
Microwave-assisted extraction (MAE) followed by high performance liquid chromatography (HPLC) with a
fluorescent detector (DAD) was used and developed for the quantitative analysis of the mycotoxin ochratoxin A
(OTA) in commercial roasted coffee beans. This alternative approach has been compared with the conventional
extraction that uses hydrogen carbonate aqueous solution followed by OchraTest immunoaffinity analysis. The
effect of two experimental tunable MAE parameters (temperature and pressure) on the extraction efficiency of
OTA have been investigated using coffee samples fortified at different contamination levels. The optimum
extraction conditions were obtained using a temperature of 50 °C and a 500 W microwave power. OTA quantity
extracted using MAE was similar to that obtained by conventional extraction from samples fortified at 5, 10, and
100 ng g−1 levels. At a 20 ng g−1 level, MAE was more effective than the conventional method. The MAE setting
parameters have been optimized showing both extraction time and solvent consumption have been considerably
reduced, retaining high OTA recovery values.
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1. Introduction
Ochratoxin A (OTA) is a nephrotoxic and nephrocarcinogenic mycotoxin produced by several fungal species
from Aspergillus genus and Penicillium verrucosum (IARC, 1993; Mantle & Chow, 2000; Abarca et al., 2004). It
is most commonly found in cereals and cereal products, although a wide range of commodities have been
reported as containing the toxin (Pohland et al., 1992; Varga et al., 1996; Trucksess et al., 1997; Denli & Perez,
2010). The natural occurrence of OTA in green coffee beans was first reported by Levi et al. (1974).
The presence of OTA in commercial roasted coffee beans was reported for the first time in five out of 68 samples
at a level of 3.2-17.0 g kg-1 (Tsubouchi et al., 1988). In the last 10 years there has been an increased interest in
using techniques involving microwave-assisted extraction and pressurised solvent extraction in analytical
laboratories. The development of microwave assisted extraction was first reported by Ganzler and co-workers
(Ganzler et al., 1986; Ganzler & Salgo, 1987).
The aim of this study was the comparison between conventional and alternative extraction of ochratoxin A from
roasted coffee beans, and an optimization of microwave extraction parameters in order to establish the better
conditions for OTA recovery. The alternative extraction was carried out using a microwave-assisted extraction
(MAE) in closed vessels which is associated with several benefits. In particular, MAE is speedy, low cost,
effective, simple, and consistent. Extractions performed with this innovative technique are completed in 10-20
minutes, require only a small solvent amount compared to conventional techniques, and are, in particular,
suitable for the rapid extraction from a large number of samples.
Microwaves are non-ionizing electromagnetic waves of frequency between 300 MHz to 300 GHz and positioned
between the X- ray and infrared rays in the electromagnetic spectrum (Letellier, 1999). The effect of microwave
energy is strongly dependent on the dielectric susceptibility of both the solvent and solid plant matrix (Zuloaga,
1999). There are two types of commercially available MAE systems: closed extraction vessels and focused
microwave ovens (Pastor, 1997; Luque-Garcia, 2004).
The MAE with closed vessels performs extraction under controlled pressure and temperature. The closed-vessel
systems can reach higher temperatures than open vessel systems because the increased pressure inside the vessel
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raises the boiling point of the solvents used. The higher temperatures in turn decrease the time needed for the
microwave treatment. Less solvent is required. Because no evaporation occurs, there is no need continually to
add solvent to maintain the volume. Also, the risk of contamination is avoided as a result there is little or no risk
of airborne contamination. A correct choice of solvent is fundamental for obtaining an optimal extraction process.
Solvent choice for MAE is dictated by the solubility of the target analyte, by the interaction between solvent and
plant matrix, and finally by the microwave absorbing properties of the solvent (Letellier, 1999).
In the literature several studies on MAE applications are reported. This technique is largely applied to pesticides
analysis (Satpathy et al., 2011), but only a few studies are focused on bioactive metabolites, e.g. mycotoxins. In
particular, MAE has been used for the extraction of polyphenols, caffeine, tanshinones, pyrimidine glycosides,
gossypol, alkaloids, terpenes, essential oils, carotenoids, steroids, and taxanes. A recent paper of Liazid et al.
(2007) reports that MAE could be a viable technique for OTA microwave-assisted extraction at temperatures up
to 150 °C, in a time frame up to 20 min without any sample degradation. There is however lack of information
about the extraction conditions. This novel experimental research analyzes different extractive parameter settings,
in order to obtain the best recovery of ochratoxin A. The described procedure allowed to optimize the MAE
extraction method, allowing to assess its use with major advantages with respect to conventional methodologies
that use hydrogen carbonate aqueous solution extraction. The proposed method is more efficient also compared
to the results shown in a recent paper demonstrating that the efficiency of the bioactive compounds extraction
obtained with the microwave assisted process is, in general, about four times higher with respect to the efficiency
of the ultra sounds assisted extraction process (Gallo et al., 2010).
2. Materials and Methods
2.1 Chemicals and Reagents
OTA standard was purchased from Sigma-Aldrich (St. Louis, MO, USA). Methanol, acetic acid, and sodium
hydrogen carbonate, were obtained from Merck (Darmstadt, Germany) and were of analytical grade. Acetonitrile
and water were of HPLC grade (Lichrosolv, Merck). Distilled water was obtained using a Millipore Milli-Q
instrument (Milford, MA). Phosphate-buffered saline (PBS) solution was made as 0.138 M NaCl and 2.7 mM
KCl in 0.01 M phosphate buffer, pH 7.4. The roasted coffee was provided by the manufacturer (“Caffee Moak”,
Modica, RG, Italy). Coffee beans were cultivated in Cameroon.
2.2 Microwave-assisted Extraction (MAE) of OTA
For the microwave assisted extraction, an ETHOS 1 microwave-oven (Milestone, Shelton, CT, USA) equipped
with 10 TFM Teflon closed vessels and an ATC-400FO Automatic Fiber Optic temperature control system was
used. Before the analysis coffee samples were spiked with OTA standard at four different levels: 5, 10, 20 and
100 ng g−1. Three vessels, for each spiked sample, were simultaneously extracted (2.5 g of roasted coffee +50
mL of water with 1% of sodium hydrogen carbonate) using different microwave power. Extractions were first
carried out at different temperatures keeping the power at the constant value of 500 W (selected as the better
value to optimize the OTA recovery). Subsequently, three different extractions were carried out at 300, 500 and
700 W setting, at a temperature of 50°C (the better value for OTA recovery).
In particular, we investigated the effect of the temperature on the extraction effectiveness of OTA from roasted
coffee. The extraction was carried out following the program as detailed in Table 1.
Table 1. Conditions (time, power, and temperature) used for microwave extraction
Step

Time (min)

Temperature (°C)

Power (Watt)

1

5

40-50-100-120

300-500-700

2

10

40-50-100-120

300-500-700

ventilation

5

All the extractions were conducted using magnetic stirring at 50 % of nominal power. After the microwave
irradiation, the vessels were cooled in open air, and after cooling the mixtures were filtered. The filtrates were
used for the OTA clean up and used for the HPLC analysis.
2.3 Conventional Extraction of OTA
Five grams of coffee sample were weighed in an Erlenmeyer flask, and then OTA was extracted with 100 mL of
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a 1% aqueous solution of sodium hydrogen carbonate with magnetic stirring for 30 min.
The extract was filtered through Whatman n. 3 filter paper. An aliquot of 4 mL filtrate was diluted to 100 mL
with phosphate-buffered saline (PBS), applied to an OchraTest immunoaffinity column and then quantified by
reversed-phase HPLC with fluorescence detection.
2.4 Clean up of OTA
After extraction samples were filtered and centrifuged at 4000 rpm for 10 min. Subsequently 4 mL of
supernatant were diluted to 100 mL with phosphate-buffered saline (PBS) and applied to an OchraTest
immunoaffinity column containing a monoclonal antibody specific for OTA (Vicam Inc., Watertown, MA). After
washing with 10 mL of distilled water, the OTA was eluted with 4 mL of methanol and quantified by
reversed-phase HPLC with fluorescence detection.
2.5 HPLC Analysis of OTA
Detection and quantification were performed by HPLC using a Shimadzu chromatograph equipped with a
RF-10AXL fluorescent detector, 2 binary pumps model LC-10ADVP, a system controller model SCL-10AVP and
a BioRad C18 HL 90-5 S 150 x 4.6 mm column. A binary chromatographic time program (%B: 0.0 min, 50; 15.0
min, 100; 18.0 min, 50; 23.0 min, 50; 23.0 min, stop) was used with the follows mobile phase composed of
acetonitrile/acetic acid (49:1) (B) and water/acetic acid (49:1) (A) pumped at a constant flow rate of 1 mL/ min.
The fluorimetric excitation and emission wavelengths were set at 333 and 460 nm, respectively. OTA was
quantified by comparison with external standard. The detection limit was 10 ng kg-1, and the quantification limit
was 100 ng kg-1 with a rate noise to signal of 3.
3. Results and Discussion
There has recently been widespread interest in the application of microwave heating to the analysis of active
compounds from plants and herbs, but few applications have been described regarding mycotoxin extraction
using MAE.

Figure 1. Ochratoxin A recovery of coffee samples spiked with different amounts of OTA. The extraction was
carried out at 50°C and using a microwave power of 500 W. n=6
To evaluate the extractive efficiency of OTA recovery using MAE, roasted coffee samples spiked at four
different levels with OTA standard (5, 10, 20 and 100 ng g−1) have been used, and this allowed us also to
estimate the effect of parameters such as irradiation power and temperature on OTA extractive yields. Initially,
coffee samples have been extracted using a microwave power of 500 W and setting the temperature at 50°C on
the basis of previous experiments carried out by Liazid et al. (2007). In particular, microwave extraction was
performed dissolving 2.5 g of roasted coffee into 50 mL of solvent (water with 1% of sodium bicarbonate)
spiking the coffee powder with different amounts of ochratoxin A in order to asses the recovery at different
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spiked levels in comparison with conventional extraction. As shown in Figure 1, the average recovery for
conventional extractions was of 71.5% while the average recovery of microwave extractions was of 66.2%. In
particular, MAE was competitive for coffee samples spiked with OTA at 20 ng g−1, In this case, in fact we
observed a recovery of 60% for conventional extraction while MAE allowed to reach a significant higher
recovery of 67%. In literature (Sibanda et al., 2002; Lobeau et al., 2002 & 2005) was reported that in naturally
contaminated roasted coffees the OTA concentration is variable in a range between 0.5 and 6 g kg-1. Our data
show that also the samples spiked at level of 5 ng g−1 are extracted effectively using MAE with an average
recovery of 72.4% in comparison with conventional extraction which allows to obtain an average recovery of
77.6%. According to obtained data, it is possible to propose microwave assisted extraction as an efficient method
for the extraction of OTA from roasted coffees that can to be considered an alternative approach for fast
extraction of OTA.
In order to evaluate the performance of different extraction conditions on OTA recovery we have carried out
different extractions setting temperatures of 40-50-100 and 120°C and irradiation power of 300-500 and 700 W
as described in materials and methods. In Figure 2 is reported HPLC chromatogram of a coffee sample spiked
with ochratoxin at level of 10 ng g−1.

Figure 2. HPLC chromatogram of a coffee sample spiked with OTA at level of 10 ng g−1
3.1 Temperature Effect
The temperature monitoring of the sample inside the vessel was realised using an optic fibre probe hooked up to
the control system. In order to evaluate the temperature effect on the extraction effectiveness, MAE extractions
were performed at three different temperatures (40, 50, 100 and 120°C) and the power was kept at a constant
value of 500 W for all the experiments. As can be observed in Figure 3, only the temperature of 40°C was the
worst while all the others temperatures are able to extract OTA in the same way. In particular, at 50, 100 and
120°C samples spiked at 5 ng g−1 show the highest recovery (an average of 78%), while all the others reached an
average values of 68%. All the extractions performed at 40°C are characterized by low recovery levels (60%),
therefore our results suggest that the optimal temperature for OTA extraction was 50°C in which it is possible to
reach a extractive effectiveness comparable with conventional methodologies.
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Figure 3. Effect of the temperature on the microwave extraction. Concentration is expressed as g kg-1 (ng g−1).
n=6
In literature was reported that the temperature is a very important factor in ensuring efficient extraction because
it increases the diffusivity of the solvent into the internal parts of the sample at high temperatures. At the same
time, it also enhances desorption of the components from the active sites of the matrix. Llompart et al. 1997
reported that the better recoveries for phenols were obtained in closed vessels at elevated temperatures (130°C)
even though, in some cases, e.g. benzidine and organochlorinates pesticides, an increase in the temperature may
be prejudicial to the extraction, due to the degradation of the components of interest. Pylypiw et al. (1997)
suggested that the optimum temperature could be dependent on the matrix to be extracted. In fact, a temperature
of 100°C was suitable for lettuces, while 120°C was the optimum temperature for tomatoes. In our case,
increasing temperature was not critical for OTA recovery, reported to be unaffected by any temperature increase
up to 150°C without degradation.
3.2 Power Effect
Coffee samples were extracted at three different microwave power (300, 500 and 700 W) and the temperature
was kept at a constant value of 50 °C for all the experiments. The extraction procedure has been previously
reported in materials and methods and the aim was to evaluate any possible effect of the microwave power
irradiation on the OTA recovery. After a ventilation period of 5 min in which the samples were cooled down, the
vessels were unsealed and each sample transferred to the filtering device and then to OTA clean up before the
HPLC analysis.
In closed vessel systems, the chosen power setting depends on the number of samples to be extracted during one
extraction run, as up to 12 vessels can be treated in a single run. The power must be chosen correctly to avoid
excessive temperatures, which could lead to solute degradation and overpressure inside the vessels.
Figure 4 shows the irradiation power effect on the microwave extraction. It can be observed that the power value
of 500W represents the optimal value of microwave power to obtain the better OTA extraction. Mao et al. (2007)
reported that any compounds such as salidroside and tyrosol in Rhodiola L. were extracted effectively at 400 W
while the extraction performed at 200 and 700 W allowed to reach lower extractive performances.
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Figure 4. Irradiation power effect on microwave extraction. Concentration is expressed as ppb: g kg-1 (ng g−1).
n=6
4. Conclusions
In this study the effect of microwave extraction parameters (irradiation power and temperature) on OTA recovery
in roasted coffees spiked at different levels of OTA was determined in order to propose a simple, rapid and
efficient method of analysis for the OTA determination in roasted coffee by HPLC.
The comparison with conventional extraction of OTA allows to speculate that MAE can be considered an
alternative and innovative approach for OTA extraction from roasted coffee. This approach allowed to achieve
quantitative recovery in 20 min. Our data could be interesting especially for the coffee-processing industry:
using this extraction technique it is possible to reduce the extraction time, the solvent use, and to obtain
competitive extraction yields. Results of this study provide sound information for food industries always
working on the task to meet the growing demand of consumers for healthier food products.
5. Dedication
This paper is dedicated to the memory of Dr. Maria Malanga.
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