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Abstract

MaAHAM M., KiaAROSTAMI V., WAQIF-HUSAIN S., KARAMI-OSBOO R., MIRABOLFATHY M. (2013): Analysis
of ochratoxin A in malt beverage samples using dispersive liquid-liquid microextraction coupled
with liquid chromatography-fluorescence detection. Czech J. Food Sci., 31: 520-525.

A simple and economic procedure based on dispersive liquid-liquid microextraction has been applied to extract and
pre-concentrate trace levels of ochratoxin A (OTA) in malt beverage prior to analysis using high performance liquid
chromatography with fluorescence detection. The method was based on the formation of fine droplets of a water-
immiscible extraction solvent in the sample solution using a water-miscible disperser solvent. The influences of vari-
ous parameters such as the type and volume of extraction and disperser solvents, centrifuging time, sonication time,
and salt concentration on the extraction efficiency of ochratoxin A were investigated. Under optimum conditions, the
relative standard deviations for five replicates of 2 ng/ml of OTA were 3.4% as within-day and 6.2% as between-day

precisions. The detection limit (S/N = 3) was 0.1 ng/ml and the mean recoveries of OTA from malt beverage samples

at spiking levels of 0.5, 2, and 4 ng/ml were in the range of 104—108.2%.
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Mycotoxins are toxic secondary metabolites of
several mold species frequently found in a variety
of agricultural and food products and beverages.
Ochratoxin A (OTA), mainly produced by Asper-
gillus carbonarius and Penicillium verrucosum, is
one of the most widespread and hazardous myco-
toxins (EL KHOURY & ATour 2010; SANTINI et al.
2011). OTA is a hepatotoxic, immunosuppressive,
nephrotoxic, teratogenic, nephrocarcinogenic my-
cotoxin and has carcinogenic effects on humans
(Group 2B) (IARC 1993; PFoHL-LESZKOWICZ &
MANDERVILLE 2007).
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Barley, also called malting barley, is the main
raw material used in malt production. Steeping,
germination and kilning are the three main steps
of the malting process. Contamination of malt by
OTA can occur or increase in these steps (GAREIS
2001). The presence of OTA has been determined
in barley, malt and beer samples (Gumus et al.
2004; BELAKOVA et al. 2011; MATEO et al. 2011).
One of the important applications of malt is in
the manufacture of beverages. Fungal infection
of barley (particularly during post-harvest stage)
affects the quality of malt used in malt beverage
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industry and the amount of OTA in beverages.
The European Commission has enacted maximum
limits for OTA level as 2 ng/ml for beer (European
Commission 2010).

Immunoaffinity column clean up is, due to its
selectivity, the most common pretreatment pro-
cedure used for the analysis of OTA in differ-
ent samples (CicONOVA et al. 2010; FABIANT et
al. 2010; KaBAKk 2012). However, immunoaffin-
ity columns cannot be reused (according to the
manufacturer’s instructions) and are expensive.
Dispersive liquid-liquid microextraction (DLLME),
introduced in 2006, is a simple, inexpensive, ef-
ficient, and eco-friendly method (REZAEE et al.
2006). In DLLME methodology, an appropriate
mixture of extraction and disperser solvents is
injected into the aqueous sample containing the
analytes and a cloudy solution (high turbulence)
forms. In this step, the target analytes are rapidly
transferred into fine droplets of the extraction
solvent as a result of the enhanced surface area
between two immiscible phases. The cloudy state
is then centrifuged and the enriched droplets of
extractant precipitate at the bottom of the conical
test tube. The determination of the analytes can be
performed by an appropriate analytical technique.
DLLME has been widely used for the analysis of
organic compounds (MELO et al. 2012; ZACHARIS
et al. 2012; KARAMI-OsBOO et al. 2013; MAHAM
et al. 2013) and metal ions (ALEXOVIC et al. 2012;
Kocor et al. 2012).

The aim of this work is the development of a
simple, cheap, and fast method based on DLLME
for the analysis of OTA in malt beverage samples,
which can be used in routine laboratories.

MATERIAL AND METHODS

Reagents and materials. The OTA standard
was obtained from Sigma Aldrich Chemical Co.
(St. Louis, USA). The stock solution (1 pg/ml) was
prepared by dissolving the appropriate amount of
OTA in methanol. Deionised water was prepared
using a Milli-Q purification system (Millipore,
Bedford, USA). Acetonitrile was of HPLC grade.
Chloroform, carbon tetrachloride, carbon disulfide,
ethanol, methanol, acetone, phosphoric acid, and
sodium chloride were of analytical grade and were
all purchased from Merck Chemical Co. (Darm-
stadt, Germany). The malt beverage samples were
of commercial type.

Sample preparation. The malt beverage samples
were kept in their original bottles or containers
in the refrigerator (4°C) throughout the analysis
and were used within a few days. The cool sample
was thoroughly degassed in an ultrasonic bath for
45 minutes. Five ml of the degassed sample was
subjected to DLLME analysis.

Instrumentation. The HPLC system consisted
of auto samplers (Waters 717), a binary HPLC
pump (Waters 1525), and a Multi A fluorescence
detector (Waters 2487). Excitation A was set at
330 nm and emission A at 460 nm. A chromolith
RP 18 HPLC column (100 mm x 4.6 mm i.d.) from
Merck (Darmstadt, Germany) was used for the
separation at 30°C. The acetonitrile—water (40:60,
v/v) mixture (pH = 3) using phosphoric acid as a
modifier was used as the mobile phase at a flow
rate of 1 ml/minute.

DLLME procedure. Five ml of spiked sample was
transferred to a 15 ml screw cap glass test tube
with conic bottom. A mixture of 0.4 ml acetone
and 150 pl chloroform (optimum conditions in this
study) was added quickly into the sample viaa 1 ml
syringe. The cloudy state formed in the test tube
and the solution was vortexed for a few seconds.
After centrifugation at 4500 rpm for 6 min, the
dispersed fine droplets of chloroform precipitated
along with whitish matrix at the bottom of the test
tube. The upper aqueous solution was removed
with a syringe and the precipitate was dissolved
in 200 pul of acetone and then evaporated to dry-
ness in another test tube. Finally, the residue was
reconstituted in 1000 pl mobile phase and filtered
through a 0.45 um membrane before HPLC analysis.

RESULTS AND DISCUSSION

In order to obtain the best experimental condi-
tions for the quantitative extraction of OTA via
DLLME, the important parameters were investi-
gated with the malt beverage samples spiked with
2 ng/ml of OTA. The effects of various variables
on the extraction process were studied based on
the results of the one factor experiment at a time.

Selection of extraction solvent
The first step in optimisation was to select a

suitable extraction solvent. The extractant in
DLLME should be heavier than water, sparsely
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Figure 1. Effect of type of the (a) extraction solvent and (b) the disperser solvent on extraction efficiency

water soluble and highly capable of the target
analyte extraction. The suitability of chloroform,
carbon tetrachloride, and carbon disulfide, all of
which had these properties, was tested by adding a
mixture of 0.8 ml acetonitrile containing 200 ul of
each solvent into the sample solution. The results
(Figure la) showed that the highest extraction
efficiency was obtained with chloroform. Thus,
chloroform was chosen as the extraction solvent
for all subsequent experiments.

Selection of disperser solvent

The disperser solvent must be miscible with both
aqueous and organic phases. Therefore, methanol,
acetonitrile, ethanol, and acetone were investigated
for this purpose. Aqueous samples were extracted
using 0.8 ml of each disperser solvent containing
200 pl of chloroform. Based on the results obtained
(Figure 1b), the highest fluorescence intensity was
obtained with acetone as the disperser solvent. This
was attributed to the good miscibility of acetone
with chloroform and the tested sample compared
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with other disperser solvents. Therefore, all further
studies were carried out using acetone.

Influence of extraction solvent volume

The influence of the volume of the extraction
solvent on the analytical signals was investigated
by rapid injections of solutions containing the fixed
volume of acetone (0.8 ml) and different volumes of
chloroform. As shown in Figure 2a, the extraction
efficiency increased by increasing the volume of
chloroform to 150 ul and then decreased by further
increasing its volume. Therefore, 150 ul of chlo-
roform was used for further optimisation studies.

Influence of disperser solvent volume

The volume of acetone as the disperser solvent
should also be optimised. To examine the effect
of the acetone volume on the recovery, different
volumes of acetone containing 150 pl of chloroform
were separately added into 5 ml malt beverage
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Figure 2. Effect of volume of the (a) extraction solvent and (b) the disperser solvent on on extraction efficiency
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samples. The variation of the recovery efficiency
versus the disperser solvent (acetone) volume is
shown in Figure 2b. The decrease in the perfor-
mance volumes below 0.4 ml was attributed to
the ineffective formation of small droplets of the
extraction solvent. On the other hand, at disperser
solvent volumes above 0.4 ml, the solubility of the
OTA gradually increased in the aqueous sample,
which caused lowering the analyte partition with
extractant droplets and decreased the extraction
efficiency. Based on the obtained results, 0.4 ml
acetone was selected as the optimal disperser
solvent volume.

Influence of centrifugation time

The centrifugation time is significant in the sepa-
ration of the organic phase from the aqueous phase.
In order to obtain the best separation efficiency,
the centrifugation time was evaluated in the range
of 1-10 min at 4500 rpm. Based on the obtained
results (Figure 3), the extraction efficiency increases
by increasing the centrifugation time from 1 min to
6 min and it remains slightly constant by increasing
the centrifugation time from 6 to 10 minutes. Ac-
cording to the obtained results, the centrifugation
time of 6 min was chosen as the optimum time in
subsequent experiments.

Influence of sonication time

Sometimes sonication will make the extraction
solvent disperse better into the aqueous solution
and thus faster mass transfer can occur between the
two immiscible phases. In this study, the influence
of sonication time on the extraction efficiency was
investigated over the range of 0-7.5 min (0, 2.5,
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Figure 3. Effect of centrifugation time on extraction ef-
ficiency

5, and 7.5 min). The comparison of the obtained
fluorescence intensity from the samples extracted
(under optimal conditions) with and without ul-
trasonic radiation did not show any significant
difference between them. This was possibly due to
the effective dispersion of the extraction solvent
by using the disperser solvent in the studied sam-
ples. Therefore, in the presence of the disperser
solvent, there is no need for ultrasonic radiation,
and for ease of the operation, other investiga-
tions were performed by using only acetone as
the disperser agent.

Influence of salt addition

The influence of salt addition on the extraction
efficiency of 5.0 ml spiked malt beverage samples
was investigated by adding various amounts of
NaCl (0-10%, w/v), while other conditions were
kept constant. The obtained results established
that the salt addition did not have any consider-
able influence on the extraction efficiency of OTA.
Thus, no salt was added in further experiments.

Quantitative analysis

The analytical characteristics of the DLLME
method including the calibration curve, repeat-
ability, limits of detection and quantitation were
investigated under the optimised conditions. Cali-
bration curve was prepared for the target analyte
after the extraction of a standard series of spiked
fresh malt beverage samples with the regression
equation being y = 359473x + 95854 and the de-
termination coefficient of 0.999. The precision
of the proposed method was calculated by five
replicated extractions and analysis of spiked sam-

Table 1. Relative recoveries of ochratoxin A (OTA) in
beverage samples®

) Concentration (ng/l) Relative
Mycotoxin —— TS o
initial added  determined recovery (%)
0.5 0.52 + 0.06 104.0
OTA nd 2.0 2.13 £ 0.03 106.5
4.0 4.33 + 0.04 108.2

dextraction conditions: extraction solvent and its volume:
150 ul chloroform, disperser solvent and its volume 0.4 ml
acetone, no salt addition; Pmean + SD; SD — standard devia-
tion (# = 3), nd — not detected
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Figure 4. Typical chromatograms of (a)
a standard solution of OTA in methanol
(10 ng/ml) and (b) spiked sample (2 ng/ml)
after DLLME under optimum conditions
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ple (2 ng/ml of OTA), and the relative standard
deviations (RSDs) of OTA were 3.4% for within-
day precision and 6.2% for between-day precision
(n =5). The limits of detection (LOD, S/N = 3) and
quantitation (LOQ, S/N = 10) for the processed
spiked fresh malt beverages were 0.1 and 0.3 ng/ml,
respectively.

Validity of the method

To assess the applicability of the proposed
method, commercial malt beverage samples were
obtained and analysed by the proposed DLLME
coupled with HPLC-FLD. The results showed
that the samples were free of OTA. All samples
were spiked with the OTA at levels 0of 0.5, 2, and
4 ng/ml. The mean recoveries of OTA from malt
beverage at spiking the three level concentrations
were in the range of 104—-108.2% (Table 1). Rela-
tive recovery was calculated as follows: RR (%) =
(Cfound/Cadded) x 100, where C; . — concentration
of OTA measured in spiked samples after DLLME
extraction, and C_,, ,— concentration added to
the beverage samples. The chromatograms of
the standard and spiked samples are shown in
Figure 4.
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CONCLUSIONS

This study reports the successful analysis of
OTA in malt beverage samples based on DLLME.
The suggested method offers suitable features of
merit such as a low detection limit, good recovery,
and precision. Unlike immunoaffinity column
clean-up which is time consuming, expensive,
and uses much sample, the proposed method
has advantages such as simplicity of operation,
fastness, low sample consumption (5.0 ml), low
cost of the sample preparation step, minimal
use of toxic organic solvents (550 pl) and thus
minimum waste generation. Therefore, the pro-
posed DLLME method can be considered as an
interesting alternative for laboratories performing
routine trace analysis of OTA in malt beverage
samples.

References

ALEXOVIE M., BALOGH LS., SKRLLKOVA J., ANDRUCH V.
(2012): A dispersive liquid-liquid microextraction pro-
cedure for UV-Vis spectrophotometric determination
of chromium(VI) in water samples. Analytical Methods,
4: 1410-1414.



Czech J. Food Sci.

Vol. 31, 2013, No. 5: 520-525

BELAKOVA S., BENESOVA K., MIKULLKOVA R., SvOBODA
Z. (2011): Determination of ochratoxin A in brewing
materials and beer by ultra-performance liquid chroma-
tography with fluorescence detection. Food Chemistry,
126: 321-325.

CicoNoOVA P, LAcIAKOVA A., MATE D. (2010): Prevention
of ochratoxin A contamination of food and ochratoxin
A detoxification by microorganisms — a review. Czech
Journal of Food Sciences, 6: 465—474.

EL KHOURY A., ATour A. (2010): Ochratoxin A: General
overview and actual molecular status. Toxins, 2: 461—-493.

European Commission (2010): Commission Regulation (EC)
No 105/2010 of 5 February 2010 amending Regulation
(EC) No 1881/2006 setting maximum levels for certain
contaminants in foodstuffs as regards ochratoxin A.
Official Journal of the European Union, L35: 7-8.

FABIANI A., CorzANI C., ARFELLI G. (2010): Cor-
relation between different clean-up methods and
analytical techniques performances to detect Ochra-
toxin A in wine. Talanta, 83: 281-285.

GAREIS M. (2001): Contamination of German malting bar-
ley and of malt-produced from it with the mycotoxins
ochratoxin A and B. Archiv fiir Lebensmittelhygiene, 50:
83-87.

Gumus T., Arici M., DEMIRCI M. (2004): A survey of bar-
ley, malt and beer contamination with ochratoxin A in
Turkey. Journal of the Institute of Brewing, 110: 146—-149.

IARC (1993): Ochratoxin A. Some naturally occurring
substances: Food items and constituents, heterocyclic
aromatic amines and mycotoxins. Monograph on the
Evaluation of Carcinogenic Risk to Humans, International
Agency for Research on Cancer, Lyon 56: 489-521.

KaBak B. (2012): Determination of aflatoxins and ochra-
toxin A in retail cereal products from Turkey by high
performance liquid chromatography with fluorescence
detection. Food Control, 28: 1-6.

KarRaMI-OsBoOO R.,, MAHAM M., MIRI R., SHOJAEE AL-
IABADI M.H., MIRABOLFATHY M., JAVIDNIA K. (2013):
Evaluation of dispersive liquid-liquid microextraction—
HPLC-UYV for determination of deoxynivalenol (DON)
in wheat flour. Food Analytical Methods, 6: 176-180.

KocoTK., Zawisza B., Sitko R. (2012): Dispersive liquid-liq-

uid microextraction using diethyldithiocarbamate as a

chelating agent and the dried-spot technique for the
determination of Fe, Co, Ni, Cu, Zn, Se and Pb by energy-
dispersive X-ray fluorescence spectrometry. Spectro-
chimica Acta Part B, 73: 79-83.

MATEO E.M., GIL-SERNA J., PATINO B., JIMENEZ M. (2011):
Aflatoxins and ochratoxin A in stored barley grain in
Spain and impact of PCR-based strategies to assess the
occurrence of aflatoxigenic and ochratoxigenic Aspergil-
lus spp. International Journal of Food Microbiology, 15:
118-126.

MaHAM M., KARAMI-OsBoO R., KiAROSTAMI V., WA-
QIF-HusAIN S. (2013): Novel binary solvents-dis-
persive liquid-liquid microextraction (BS-DLLME)
method for determination of patulin in apple juice using
high-performance liquid chromatography. Food Analyti-
cal Methods, 6: 761-766.

MeLo A., CuNHA S.C., MANSILHA C., AGUIAR A., PINHO
O., FERREIRA LM.P.L.V.O. (2012): Monitoring pesticide
residues in greenhouse tomato by combining acetoni-
trile-based extraction with dispersive liquid-liquid mi-
croextraction followed by gas-chromatography—mass
spectrometry. Food Chemistry, 135: 1071-1077.

ProHL-LESzKOowICZ A., MANDERVILLE R.A. (2007): Ochra-
toxin A: An overview on toxicity and carcinogenicity
in animals and humans. Molecular Nutrition and Food
Research, 51: 61-99.

REZAEE M., AssaD1 Y., MILANI HOSSEINI M.R., AGHAEEE.,
AHMADIE, BERIJANI S. (2006): Determination of organic
compounds in water using dispersive liquid-liquid mi-
croextraction. Journal of Chromatography A, 1116: 1-9.

SANTINI A., FERRACANE R., Mikusova P, EGED S., SrRo-
BAROVA A., MECA G., MANES J., RITIENT A. (2011): Influ-
ence of different coffee drink preparations on ochratoxin
A content and evaluation of the antioxidant activity and
caffeine variations. Food Control, 22: 1240-1245.

ZacHARIS C.K,, RoTsias 1., ZACHARIADIS P.G., ZOoTOS
A. (2012): Dispersive liquid-liquid microextraction for
the determination of organochlorine pesticides residues
in honey by gas chromatography-electron capture and
ion trap mass spectrometric detection. Food Chemistry.
134: 1665-1672.

Received for publication December 4, 2012
Accepted after corrections April 10, 2013

Corresponding author:

Dr Vahid Kiarostami, Islamic Azad University, North Tehran Branch, Department of Chemistry, Shariati St., Tehran,

Iran, E-mail: v_kiarostami@iau-tnb.ac.ir

525



w0 f

Sign up and be an EFSA expert

Want to make a difference to
EU food safety?

Contribute to EU risk
assessment?

EFSA invites leading scientists to sign up to its
new expert database.

EFSA is the European Union’s scientific risk
assessment body on food and feed safety,
nutrition, animal health and welfare, plant
health and protection.

EFSA, in cooperation with Member States,
has decided to set up a database of external
scientific experts able to assist its Scientific
Committee, Scientific Panels, EFSA networks

Value high profile networking
with peers?
Driven by excellence?

and respective working groups. EFSA will
draw on this database to find experts to help
deliver high-quality, independent and timely
scientific advice.

You can be part of that team of top scientists
helping EFSA support Europe’s decision makers
in ensuring that Europe’s food is safe.

How can | apply?
Simply visit the EFSA website and fill in the form
at www.efsa.europa.eu

Committed to ensuring that Europe’s food is safe.

I

“

K>,

. efsa

European Food Safety Authority




