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A new sample treatment for liquid chromatographic analysis of ochratoxin A (OTA) in beer is proposed. Degassed beer is mixed
ydroxyacetate, which precipitates some bulk components but does not remove OTA. The precipitate is separated and the acidifi
xtracted with chloroform. The solvent is evaporated and the residue is dissolved in mobile phase (acetonitrile–water, 40:60, v/v;
H 3.0 with phosphoric acid) and separated by liquid chromatography using fluorescence detection. The limit of detection was 0.
he average recovery rate and the average RSD of recovery in the spiking level range 0.01–0.5 ng/ml were 95.5% and about 5%,
he method is cheaper that other alternative ones using immunoaffinity columns or other solid-phase extraction cleanup. The sep
ptimised with regard to composition and flow of the mobile phase and no interference from the matrix was found. The method w

o 88 samples of beer (domestic and imported) marketed in Spain. OTA was detected in 82.9% of them. The range for positive s
.007–0.204 ng of OTA/ml.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Ochratoxin A (OTA) is the most prevalent among
chratoxins[1,2]. It is a widely distributed mycotoxin that

s produced by some species of the genusAspergillus, such
sA. ochraceus, A. niger, andA. carbonarius, Penicillium
errucosumor the generaPetromycesand Neopetromyces
3–6]. Its occurrence has been reported in cereals[7–9],
offee[10–13], grape must and wine[14–17], beer[18,19]
nd human blood serum after intake of contaminated food

20–23]. This mycotoxin has been shown to be nephrotoxic,
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hromatography and Related Techniques, Madrid, 5–7 October 2004.
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hepatotoxic, teratogenic and immunotoxic to animals, an
carcinogenicity in rats and mice is well established[24,25].
OTA has been related to Balkan Endemic Nephropathy
endemic fatal disease in south-eastern Europe) and the
opment of urinary tract tumours in humans[20,23,26]. The
International Agency for Research on Cancer has clas
this toxin as a possible carcinogen to humans (group 2B)[27].
On April 19 2002 the Joint FAO/WHO Expert Committee
Food Additives recognized that OTA is a human nephrot
and causes carcinogenic effects in kidney[28]. The half-life
of OTA in human blood serum may reach about 35 d
[29].

Although reported levels are usually low in each co
modity, there is great concern over this metabolite at pre
because it can be taken from a variety of food sources an
concurrent intake of different contaminated food and dr

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2005.05.089
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might provide a total amount of OTA near the provisional
tolerable levels. In 1998, the Scientific Committee on Food
of the European Commission considered that it would be pru-
dent to reduce the tolerable daily intake to less than 5 ng/kg
body mass[30].

Reported occurrence of this mycotoxin in beer before year
1990 is very scarce or null because six screening studies
carried out in European and American beers were negative
[31–36]. However, the limits of detection (LOD) of the ana-
lytical methods used in these studies were in the 1–10 ng/ml
range. In further years, the use of more accurate and sen-
sitive analytical methods for this toxin, with LOD between
0.05 and 0.1 ng/ml, led to its detection in beer in different
countries like Germany[37–39], Canada, UK, Switzerland,
Belgium, Morocco, Japan or Spain[18,40–43].

Maximum allowable limits for OTA in beer and wine have
been laid down in various countries such as the Netherlands
(0.3 ng/ml), Finland (0.5 ng/ml)[44] or Italy (0.2 ng/ml)[19].

The most widely technique used for analysis of OTA is liq-
uid chromatography with fluorescence detection (LC–FLD)
[14,45]. Alternative detection methods, such as photodiode
array detection (LC–PDA)[44,46] or mass spectrometry
(LC–MS–MS)[29,47–50]have also been used. Other tech-
niques for this analysis are TLC, GC–MS of the trimethylsilyl
derivative[44], capillary electrophoresis with laser induced
fluorescence[43] and enzyme immunoassay (EIA)[51].
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that are marketed in Spain. A clean-up procedure using lead
hydroxyacetate as a precipitating agent for dyes and other
components has been assayed successfully for the first time
in the analysis of OTA in beer.

2. Materials and methods

2.1. Samples

A total of 88 beer samples were purchased in different
Spanish retail markets. Thirty-one of them were Spanish
beers. The 57 remaining beers had been manufactured
in different countries as Germany (15), Denmark (8), the
Netherlands (12), Belgium (13), Scotland (1), USA (4), Mex-
ico (2) and Australia (1). One sample had non-defined origin
but its label read ‘Made in EU’. The samples were stored in
their original bottles or containers in fridge at 4–5◦C until
analysis. Sample containers were opened the day before anal-
ysis to begin degasification and were still kept in fridge[53].

2.2. Standards and reagents

The ochratoxin A standard was purchased from Sigma
(Sigma–Aldrich, Alcobendas, Spain). A stock solution of
about 500 mg/l was prepared by solving 1 mg of OTA in
2 ing
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Various extraction and cleanup protocols for OTA
eer have been reported. Some procedures use ad
f NaHCO3 and NaCl to degassed samples[41], followed
y clean-up on immunoaffinity columns (IAC). Jorgen

52] added degassed samples directly to IAC column
ollaborative test where dilution with polyethylenegly
000-NaHCO3, IAC clean-up and analysis by LC–FL
ere applied to beer and wine, led to acceptation of
ethod as official first action by the AOAC[45]. Various

ample treatment procedures such as liquid-liquid extra
nd clean-up using solid-phase extraction with regar
etermination of OTA in beer and other beverages have
ompared recently[53].

With regard to the LC separation, most authors u
eversed-phase columns. Reported mobile phases us
eparation are acetonitrile–water–acetic acid (99:99:2, v
45], acetonitrile–water–acetic acid (50:49:1, v/v/v)[52],
cetonitrile–0.2 M phosphate buffer, pH 8.5–water con

ng 3 mM cetyltrimethylammonium bromide (60:3:37, v/v
18], 48% acetonitrile–52% 4 mM sodium acetate–acetic
19:1, v/v)[42], or methanol–9% aqueous acetic acid mi
n gradient mode[41]. Post-column addition of ammonia
cidic mobile phase has been shown to increase fluores
ield, thus contributing to increase sensitivity[41,52,54]. The
ost critical step to get accurate and reproducible resu
btaining clean extracts free from matrix interferences.

The aim of this study was first to find a sensitive, ac
ate, reproducible and economic LC method for analys
TA in beer and then, its application to the knowledge o
ccurrence of this mycotoxin in national and imported b
r

ml of toluene–acetic acid (99:1, v/v). A series of work
tandards was prepared by evaporation of known aliq
f the stock solution and dissolution in filtered LC mob
hase. They were used to calibrate the detector resp
he concentration of the stock solution was determ
y measuring absorbance at 333 nm of a diluted sol
20–30 mg/l) of OTA in toluene–acetic acid (99:1, v/v)[8].

Acetonitrile, chloroform, and methanol (all LC grad
cetic acid (A.R.) and phosphoric acid (85%, A.R.) w

rom J.T. Baker (Deventer, the Netherlands). Pure w
as obtained from a Milli-Q apparatus (Millipore, Billeric
A, USA) and was used when water was required. L
ydroxyacetate solution (25% PbO) and sodium hydro
arbonate were from Panreac (Panreac Quı́mica, Barcelona
pain). Polyethylene glycol (PEG) 8000 was from Aldr

Sigma–Aldrich). Glass microfiber filters (GF/C) were fr
hatman (Maidstone, UK). OchraTest immunoaffin

olumns were from Vicam Science Technology (Waterto
A, USA).

.3. Sample preparation

About 250 ml of cool beer (containers had been kep
◦C and opened the day before) was thoroughly dega

n ultrasonic bath for 40 min in 500-ml Erlenmeyer fla
eventy milliliters of degassed beer was transferred to a
l Erlenmeyer flask and 0.8 ml of 1 M aqueous solutio
aOH was added. After slight shaking, 1 ml of a 25% aq
us solution of lead hydroxyacetate was added. The mi
as vigorously shaken for 2 min and another 1 ml of
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hydroxyacetate solution was added. The mixture was
centrifuged at 4500 rpm for 10 min and the supernatant was
collected.

2.4. Extraction

Fifty-two milliliters of clear supernatant (equivalent to
50 ml of beer) was acidified to pH 2.8–3 with concentrated
phosphoric acid. A precipitate was formed and the solution
was filtered through glass microfiber filter paper What-
man GF/C. Then, the filtrate was extracted with 12 ml of
chloroform in a separatory funnel. The organic phase was
separated and the aqueous phase was re-extracted twice with
9 ml of chloroform. The organic extracts were reunified and
evaporated in rotary evaporator at 40◦C. The residue was
dissolved in 2 ml of methanol containing 5% (v/v) of acetic
acid and transferred to a glass vial. The solvent was evapo-
rated at 50◦C under N2 stream and the residue was solved
in 250�l of mobile phase. The concentration ratio was
200:1.

2.5. Liquid chromatographic analysis

The LC system consisted of a Waters 600 pump, a
Waters 717 automatic injector and a Waters 474 scanning
fluorescence detector. Millennium 32 software, version
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previously indicated procedure for beer sample treatment was
followed.

2.7. Alternative procedure: addition of PEG
8000-NaHCO3 and IAC clean-up

The proposed method was compared with the AOAC
official method[45], but using double sample amount[53].
Twenty milliliters of degassed beer sample was thoroughly
diluted with 20 ml an aqueous solution containing 5% (w/v)
of NaHCO3 and 1% (w/v) of PEG 8000. The pH was set
to 8.5 with 1 M NaOH solution. The solution was filtered
through Whatman glass microfiber filter. Then, 20 ml of the
filtrate (equivalent to 10 ml of sample) was passed through
an OchraTest column at 1 drop/s flow-rate. The column
was successively washed with 5 ml of an aqueous solution
containing NaCl (2.5%, w/v) and NaHCO3 (0.5%, w/v) and
5 ml of water to eliminate most impurities. OTA was eluted
with 2 ml of methanol. After solvent evaporation under
N2 stream at 50◦C, the residue was dissolved in 0.250 ml
of mobile phase. One hundred microliters was injected
into the liquid chromatograph coupled to a fluorescence
detector. Sample concentration ratio was 40:1. The mobile
phase was acetonitrile–water (40:60, v/v) acidified to pH
3.0 with phosphoric acid (0.1 ml acid in 2 l of mobile
phase).
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.05.01 (Waters, Milford, MA, USA) was used to control
ystem and to process signals. Separation was perform
tainless steel LiChrospher 100 C18 reversed-phase colum
250 mm× 4 mm, 5�m particle size) connected to a gu
olumn (4 mm× 4 mm, 5�m particle size) filled with th
ame phase (Agilent Technologies, Waldbronn, Germ
he column was kept at 30◦C. Quantification of OTA wa
erformed by measuring peak area at OTA retention
nd comparing it with the calibration curve calculated fr
tandard solutions. Different mobile phases contai
ither methanol and water or acetonitrile and water w
ssayed to optimize OTA detection and quantification. T
ere degassed by means of an on-line vacuum dega
evice supplied by Waters. Because all tested mobile p
ere acidic, the excitation and emission wavelengths
30 and 460 nm, respectively. One hundred microliter
olution was injected into the liquid chromatograph.

.6. Recovery evaluation

Recovery experiments were performed in triplic
ccording to Nakajima et al.[18] on an OTA-free Spanis
ale beer sample, which was spiked with the mycotox
rovide 0.01, 0.05, 0.1, and 0.5 ng of OTA/ml sample spi

evels. Appropriate volumes of OTA standard solution w
dded to 100-ml Erlenmeyer flasks. The solvent was e
rated under gentle stream of N2. Seventy milliliters of a
reviously degassed OTA-free Spanish pale beer sampl
dded. The residue was dissolved in beer using ultra
ath for 1 min and homogenized by gentle mixing. Then
. Results and discussion

.1. Optimisation of separation conditions

The chromatograms obtained by the method u
recipitation of beer components with lead hydroxyace
Fig. 1) showed more peaks than those obtained by dilu
ith PEG-NaHCO3 solution followed by IAC clean-u

Fig. 2). Therefore, to avoid co-elution of OTA with be
omponents and to optimise peak performance, se
ixtures of methanol–water and acetonitrile–water w

ested as mobile phases.

.2. Methanol–water mixtures

The tested ratios of methanol–water mixtures were in
0:60 to 70:30 (v/v) range (Table 1). Moreover, two pH mod

fiers (phosphoric acid and acetic acid) were used to sep
TA in its acidic form.
Methanol–water mixtures with 50:50 and 40:40 (v

atios at pH 5.3 using acetic acid as acid modifier did not
ide satisfactory results because OTA peaks were wide
howed long queues, which makes integration difficult
an give rise to overlapping. Reduction of pH to 3.5 increa
TA retention and band broadening. The methanol–w
0:30 (v/v) mixture provided a retention time of 7.9 min
TA and acceptable peak shape but peaks from beer

ered avoiding the correct integration of the OTA peak.
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Fig. 1. Liquid chromatogram of a beer sample spiked with OTA after lead hydroxyacetate treatment and chloroform extraction. Spiking level: 0.5 ng/ml.
Conditions: excitation wavelength (330 nm); emission wavelength (460 nm); mobile phase: acetonitrile–water (60:40, v/v) acidified at pH 3.0 with phosphoric
acid as acid modifier at 1.4 ml min−1 flow-rate.

methanol–water 60:40 (v/v) mixture (pH 3.5) using phospho-
ric acid as modifier led to a quite broad OTA peak showing
retention time >20 min. No assay with these kinds of mixtures
provided satisfactory results with regard to reliable quantifi-
cation of OTA.

3.3. Acetonitrile–water mixtures

The results observed with different mixtures of
acetonitrile–water can be seen inTable 1. The first three
mixtures were rejected because of interferences from matrix

peaks. Acetic acid used as modifier proved worse than
phosphoric acid with regard to OTA peak shape. The
acetonitrile–water (35:65, v/v) mixture provided quite long
retention time for OTA (near 30 min) and thus it was con-
sidered unsatisfactory. The best results in terms of lack of
interfering peaks were obtained using the acetonitrile–water
(40:60, v/v) pH 3.0 mixture but the OTA peak retention time
was excessively long. However, it was lowered to 18 min
when the flow was increased to 1.4 ml min−1 maintaining iso-
cratic conditions. Then, this mixture was selected as mobile
phase for further studies.

F t lead aHCO
c itions:
ig. 2. Liquid chromatogram of a beer sample spiked with OTA withou
leaned up with immunoaffinity column. Spiking level: 0.5 ng/ml. Cond
hydroxyacetate treatment. The sample was treated with PEG 8000/N3 and
as inFig. 1.
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Table 1
Assayed mobile phases for OTA separation by LC

Mixture pH Flow (ml min−1) Retention time (min) OTA peak shape Interference from matrix peaks

Methanol–water (40:60, v/v) 5.30 1 8.5 Broad with queue Yes
Methanol–water (40:60, v/v) 3.50 1 10.6 Broad with queue Yes
Methanol–water (50:50, v/v) 5.30a 1 7.7 Broad with queue –
Methanol–water (50:50, v/v) 5.30 1 8.9 Broad with queue –
Methanol–water (50:50, v/v) 3.50 1 7.7 Broad with queue –
Methanol–water (60:40, v/v) 5.30 1 9.3 Broad with queue –
Methanol–water (60:40, v/v) 3.50a 1 >20 Broad with queue –
Methanol–water (60:40, v/v) 3.50 1 12.6 Acceptable Yes
Methanol–water (70:30, v/v) 3.50 1 7.9 Acceptable Yes
Acetonitrile–water (45:55, v/v) 4.50 1 10.4 Acceptable Yes
Acetonitrile–water (45:55, v/v) 4.00a 1 6.2 Acceptable Yes
Acetonitrile–water (45:55, v/v) 3.55 1.2 16.1 Acceptable Yes
Acetonitrile–water (40:60, v/v) 3.55a 1.2 12.5 Acceptable Yes
Acetonitrile–water (40:60, v/v) 3.00 1.2 21.4 Acceptable No
Acetonitrile–water (40:60, v/v) 3.00 1.4 18 Acceptable No
Acetonitrile–water (35:65, v/v) 3.55 1.2 ∼30 Broad with queue –

a Acetic acid was used as acid modifier.

3.4. Methanol washing

A washing step was required after the normal analysis time
to speed late eluting peaks from some samples. It was done
by changing the mobile phase to a methanol–water (80:20,
v/v) mixture for 5 min. A methanol–water (70:30, v/v) mix-
ture was used after analysis time by Aboul-Enein et al.[55]
during 8 min to clean the chromatographic system and get
more reproducible results. Sharp and symmetric peaks were
obtained for OTA by these authors when this washing was
applied.

Degassing time of beer samples by sonication was opti-
mised. Forty minutes was selected after a trial of experiences
instead of 1 h, a previously reported period.

Addition of lead hydroxyacetate as clarifying/preci-
pitating agent helps to clean beer samples from bulk com-
ponents, which results in flatter chromatographic baselines
and lack of interfering neighbour peaks under appropriate
LC conditions. In this way, the determination of OTA in beer
samples is highly improved by this simple clean-up procedure
before chloroform extraction.

3.5. Recovery of OTA

Once the optimised LC conditions were set, a calibra-
tion line for OTA was calculated using standard solutions.
T lent
t f

detection of the method was 0.005 ng/ml beer (based on a
signal/noise ratio of 3:1).

The results of recovery experiments of the proposed
analytical procedure are shown inTable 2. Three replicates
were carried out at each spiking level. The recovery range
was 91.4–99.8% (average 95.5%) for spiking levels ranging
0.01–0.5 ng of OTA per milliliter of sample, respectively.
The RSD range for recoveries was 4.0–6.7% at these
spiking levels. On the basis of these data the method can be
considered very good to be applied to OTA determination
in beer. The alternative method using PEG-NaHCO3 and
IAC clean-up provided worse recoveries (61.0 and 63.7% at
0.1 and 0.5 ng/ml spiking levels, respectively according to a
previous study[53]. Repeatability was also better working
with the new procedure.

3.6. Survey of OTA in beer

The results of the analysis of 88 different beer samples
are summarised inTable 3. OTA was detected in 73 samples
(82.9%). The range for positive samples was 0.007–0.204 ng
of OTA/ml. The occurrence level of this mycotoxin in
Spanish beer was 83.8% (26 positives out of 31 samples)
and the average concentration of OTA in Spanish beer was
0.0358 ng/ml. The incidence was quite similar to beers that
had been brewed in the other countries (47 positive out of
5 OTA
(

T
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0
0
0
0

he OTA range was 0.05–10 ng of injected toxin (equiva
o 0.0025–0.5 ng/ml beer), andr2 was 0.9998. The limit o
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ecovery data of the LC method using lead hydroxyacetate for analy

TA spiking level (ng/ml beer) Mean recoverya (%)

.50 99.8

.10 96.1

.05 94.7

.01 91.4
a Number of replicates = 3.
7 samples, 82.45%) and the average concentration of
0.0459 ng/ml) was rather similar.

TA in beer

Standard deviation of recovery RSD (

4.0 4.0
6.0 6.2
5.4 5.7
6.1 6.7
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Table 3
Occurrence of OTA in different beer samples marketed in Spain

Origin country Analysed samples Positive samples Ochratoxin A (ng/ml sample)

Mean value Overall range

Spain 31 26 0.0358 NDa–0.1468
Germany 15 10 0.0448 ND–0.2042
Denmark 8 6 0.0366 ND–0.096
The Netherlands 12 12 0.0254 0.0114–0.1320
Belgium 13 11 0.0595 ND–0.1204
Scotland 1 1 0.2011 –
Undefinedb 1 1 0.0555 –
USA 4 3 0.0575 ND–0.1148
Mexico 2 2 0.0666 0.0322–0.101
Australia 1 1 0.0162 –

a ND: not detected at a LOD = 0.005 ng/ml (signal/noise ratio 3:1).
b “Made in EU” was labelled on the bottle.

This occurrence level is higher that those found by other
authors who have carried out similar studies. In a screening
study carried out on Italian and imported beers, Visconti et
al. [19] found that 50% of beer samples contained detectable
levels of OTA. The higher frequency of positive samples
obtained in the present study can be due to the low LOD
for the proposed method. However, Nakajima et al.[18],
Burdaspal and Legarda[41] and Tangny et al.[43], found
even higher occurrence levels (>90%), which can be due to
the reported low detection limits of their methods (0.001,
0.004 and 0.003 ng/ml, respectively). The highest OTA
level found by Nakajima et al.[18], in their analyses on 94
beer samples was 0.0662 ng/ml, which is quite lower than
the highest level found by us and other European authors
[19,41,43].

Therefore, the results shown in this article dealing with
occurrence of OTA in beer marketed in Spain are comparable
to those found in other screening studies made in different
regions of the world like USA, Japan, Canada, and some
European countries.

OTA is likely to enter the final beer from malt although
other additional origins cannot be rejected. Some recent stud-
ies describe the occurrence of OTA in malt barley and malt
that are used in breweries[56,57]. Other studies tried to find
out the persistence of this toxin along the period of time nec-
essary to convert the raw materials into beer. Baxter et al.
[ alt
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4. Conclusions

A new method for determination of ochratoxin A in beer
has been proposed. It uses reversed-phase LC separation and
fluorescence detection. The main particularity is that many
bulk components are precipitated by lead hydroxyacetate
and, after separation of solid materials and acidification of
the liquid, OTA is extracted with chloroform. Lead hydroxy-
acetate does not produce any removal of OTA. The selected
mobile phase is acetonitrile–water 40:60 (v/v, pH 3.0) using
phosphoric acid as acid modifier. No gradient is needed but a
five minutes post-analysis run with methanol–water (80:20,
v/v) as a mobile phase is helpful to clean following chro-
matograms from ‘ghost’ peaks. Chromatographic baselines
are flat and there are no interfering peaks appearing in the
vicinity of the OTA peak. The method is cheaper than others
because solid-phase extraction cartridges or expensive IAC
columns are not needed. However, the performance is good.
The method is sensitive because LOD was 0.005 ng/ml,
quite accurate as high recovery rates (average >95%) were
obtained at low spiking levels (0.01–0.5 ng/l), and precise
because RSD was 4.0–6.7% in this spiking range.

The method was applied to 88 different samples of beer
that are marketed in Spain (both domestic and imported).
OTA was detected in 82.9% of them. The occurrence of this
mycotoxin in beer brewed in Spain was 83.8%, very similar
t
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r 9-
C

R

58] report that about 13–32% of the OTA present in m
arley reaches the final product. Thus, it may be taken
onsideration the potential risk of this beverage regardin
ncidence into the provisional tolerable daily intake (PT
f OTA. In spite of these considerations, the average lev
TA in beer manufactured in Spain is, according to our
ey, 0.0358 ng/ml. One person weighing 60 kg and drin
00 ml of beer daily would take 0.298 ng of OTA/kg bo
ass. This value is far below from the PTDI of 5 ng/kg b
ass[30] established by the Scientific Committee on F
f the European Union. However, beer is not the only so
f OTA in the typical Spanish diet, which also includes o
roducts (vine, cereals products, bread, nuts, coffee, etc
an contain OTA.
o beer brewed in other countries.
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