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The presented thesis deals with the issue of mycotoxins inrngewnaterials and bet
Attention was devoted mainly to the selected fusarium mycototdie®xynivaleno
zearalenol, T-2 toxin, and HT-2 toxin) ochratoxin A and aflatoxin®B G,, and G.

The aim of the thesis was to optimize and validate analytietiods for the determinati
of the above mentioned mycotoxins in the brewing materials and Beafytes wer
separated using high-performance liquid chromatography with-Agssctrometric detectig
(HPLC-MS/MS) and ultra-performance liquid chromatography witbriéscence detecti
(UPLC/FLR).

These analytical methods were then applied for mapping the excarrf fusariu
mycotoxins in malting barley crops in the Czech Republic mumhitoring the level g
contamination with mycotoxins in malting and brewing industries.

In addition, experiments studying over-foaming of beer were condweg@rimar
gushing— over-foaming of beer is connected, similarly as mycotoxins, with the presen
microscopic filamentous fungi in the raw materials for beer production.

Studies describing in detail these methods are part of this {Aesiex | — V). From al
published results, it is evident that the occurrence of mycotoxinsaalsencluding barley
natural and cannot be completely prevented, not even if all conditiamsrett agricultura
practice are observed. It is known that some mycotoxinemres contaminated malti
barley pass to the final produebeer due to their chemical and physical properties. Ho
the mycotoxin concentrations found do not mean any significant health risk for consu
















POZNAMKA: Zvyrazniny text informuje gpgispivku autorkk diskutovanému tématu vzg
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Byla sledovana hladina deoxinyvalenolu a ochratoXinu pivech zakoupenych abchodni

siti Eeské republiky. Byla hledana mozna souvislost mezi obsatgSe uvedenyc
mykotoxinu a pgepioovanimctito piv(P iloha!V).
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Byla optimalizovana a validovana analyticka metoda HRASIMS pro stanoveni vybranyag
fusariovych mykotoxinu wivovarskych surovinach. ‘étech 2008 -2011 byl provadin

dlouhodoby monitoring vyskytu DON, ZON-2 a HT2 ve sladovnickém jeémeni na ze
Eeské republikyP ilohallll) .










Byla optimalizovana a validovana analyticka metbld®.C-MS/MSpro stanoveni aflatoxin
B1, By, G1 a G v pivovarskych surovinachye vybranych meziproduktech vyroby pivava

pivu. V letech 2008- 2011 byl sledovanvyskyt aflatoxinuv pivovarském a sladagskeé
prumyslu(P ilohalll) .




Byla optimalizovana a validovana analytickd metddRLC/FLR pro stanoveni OTA

v pivovarskych surovinachye vybranych meziproduktech vyroby pivavapivu. V letech
2008- 2009 byl sledovan vyskyt OTApivovarském a sladagském prumy§ldlohall).
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VSechny druhy obilovin a vSechny vyrobky pochéazejici
obilovin veetni zpracovanych vyrobkuabilovin

Nezpracované obiloviny

VSechny produkty pochéazejicinezpracovanych obilovin, veet
zpracovanych vyrobku abilovin a obilovin ureenych gg@imé
lidské spotgebi

Nezpracované obiloviny, jiné nez pSenice tvrda, oves a kukugic

Nezpracované obiloviny, jiné nez kukugice

Obiloviny ureené lpgimé lidské spotgebi, obilna mouka, otruby
formi koneéného vyrobku uvadiného na trh pro pgimou lidskou
spotgebu a klieéky















jeémene uréenéhopgipravisladu standardem citrininu (2 jaif) byla nalezena pouze 6,4 %
po 5 dnechklieeni (EI-Banna, 1987)Citrinin nepgeziva krokmutovani, nebyl detekovan
ve sladini ani vmlatu (Krogh et al., 1974) a nebyl nalezen ani v pivech (Scott, 1996). Citrinin
je nesabilni atermolabilni ve vodném roztoku. Pgi tepelném zpracovani tvogi dalsekompl
slouéeniny, jako je napgitrinin H1 a citrinin H2 sy3Si respektive nizsfoxicitou nez
puvodni citrinin(Xu et al., 2006; EFSA, 2012).

3.12 Vyskyt mykotoxinu \pivu

Pivo je nejoblibenijsim alkoholickym napojem po celém svNiEeské republice byla
jeho nejvyssi spotgeba v roce 2005 (1631& bbyvatelg | pges postupny pokles spotaeby,
ktera vroce 201%inila142,5 I, byli v roce 2011 samci Evropské unie Ee$i na prvnim misti
v konzumaci piva ESU, 2013. Zduvodu masivni spotgeby tohoto napoje je nezbytné
sledovat jeho kvalitativni parametry, ke kterym patgi i moznykyvysnykotoxinu.

V nasledujiath tabulkach jsou uvedeny vybrané publikované studie, které sevatpby
vyskytem mykotoxinu \pivech vevropskych zemich a ve sviti.



V letech 2009- 2012 byl sledovan vyskyt DONpivech z obchani siti ER(P iloha!lV).

Eeska republika
. 89/119 LC-MS/MS 2,0-44.0
Obchodni sie

V letech2008 - 200Dyl sledovan vysky©OTA v pivech zobchodni siti ERP iloha!l).

Eeska republika A 2
o 45/115 UPLC/FLR 0,001-0,244 (Bildkova, et al., 2011)
Obchodni sie



V letech 2008 - 201yl sledovan vyskyt aflatoxinu pivech zobchodni siti ER
(P iloha 1l).

Eeské repblika , _
., 6/117 LC-MS/MS 31,0 (BeneSovét al., 2012)
Obchodni sie






Trichotheceny A, B
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In 2008+2009 the total set of 237 samples of malting barley, malt, hop, wort, and beer was analysed for
ochratoxin A (OTA) contamination using the ultra performance liquid chromatography (UPLC) coupled to
euorescence detection (FLD). The UPLC method is a fast technique with low limits of detection and quan-
ti€cation (LOD and LOQ) compared to other methods used routinely. LOD and LOQ values were 0.0003
and 0.001 ng/ml for beer, 0.05 and 0.2 | g/kg for barley and malt, 0.16 and 0.5 | g/kg for hop, respectively.

Ochratoxin A was detected in one barley sample (0.3 | g/kg), one malt (0.7 | g/kg) and one hop sample
(0.6 | g/kg). OTA content was also determined during the brewing process. In addition, samples of both
domestic and foreign beers, obtained from local stores, were analysed. OTA content was determined in
39% of beer samples, the detected OTA level ranged from 0.001 to 0.0544 ng/ml. Only one beer sample
contained 0.2438 ng/ml OTA.

Barley
Malt
Beer

O 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Mycotoxins, products of secondary metabolism of €lamentous
micromycetes, belong to the most serious contaminants of natural
origin. These highly dangerous chemical substances are known for
their toxic effects. Ochratoxins comprise a group of mycotoxins
produced in tropical and subtropical areas, namely by  Aspergillus
species (A. ochraceus, A. sulphureus, A. sclerotinum, A. niger, A. car-
bonarius), in colder areas by Penicillium species (P. verrucosum, P.
purpurascens, P. commung. Chemically, they can be characterised
as derivatives of 7-isocumarin linked to amino acid L-  b-phenylala-
nin. In 1992 three new mycotoxins, analogues of ochratoxin A, con-
taining hydroxyprolin, serin or lysine instead of phenylalanin, were
isolated from micromycetes of A. ochraceus(Hadidane et al., 1992).

Ochratoxin A (OTA) is the most signi€cant and widespread
mycotoxin of the ochratoxin group. For the €rst time it was iso-
lated in the laboratory research from A. ochraceusspecies in the
Republic of South Africa in 1965 ( van der Merwe, Steyn, & Fourie,
1965) and as a naturally occurring contaminant it was found in
maize in 1969 in the USA ( Shotwell, Hesseltine, & Goulden, 1969 ).

The main toxic effects of OTA are nephrotoxicity, immunotoxic-
ity, mutagenicity, carcinogenicity, teratogenicity and neurotox-
icity. These effects were con€rmed experimentally in animals
and can be thus assumed in humans as well ( Pfohl-Leszkowicz &

* Corresponding author. Tel.: +420 545 214 110/37; fax: +420 545 321 225.
E-mail address: benesova@beerresearch.cz(K. BeneiovA).
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Manderville, 2007 ). Study on the mechanisms of OTA effects on liv-
ing organisms has proved the inhibition of protein synthesis, in-
crease in lipid peroxidation, damage to saccharide and calcium
metabolism and damage to mitochondrial functions ( Dirheimer &
Creppy, 1991). OTA acts as a cumulative poison with quick absorp-
tion and slow elimination. Toxicokinetic pro€le is animal species
dependent. In humans, OTA is metabolised very slowly with a
half-life of more than 30 days. Recent studies have demonstrated
that exposition to this toxin can represent a world wide problem
(Pena, SeifrtovA, Lino, Silveira, & Solich, 2006; Ueno et al., 1998 ).
Ochratoxin A, similarly as other mycotoxins, is heat-resistant (  Bull-
erman & Bianchini, 2007 ) and neither freezing can eliminate it
from food. Prevention is of utmost importance and therefore high
attention has been devoted to food and feed protection already
in the phase of growing, e.g. treatment with appropriate fungicides
(AmAzqueta, GonzAlez-Pe-as, Murillo-Arbizu, & L/ Epez de Cerain,
2009).

Ochratoxin A occurs in a number of commodities both of plant
and animal origin. The main OTA sources in food are cereals,
mainly barley, rye, oats, wheat, rice and maize, and cereal products
(Kabak, 2009; Sugita-Konishi et al., 2006 ). Wine was identi€ed as
the second biggest source of OTA. OTA was also detected in wine
juice and wine vinegar ( Varga & Kozakiewicz, 2006 ), in pork meat,
blood, innards (livers, kidneys, products from blood), bovine milk
(SOrensen & Elbxk, 2005), in coffee (Sugita-Konishi et al., 2006 ),
beer (Reinsch, Tipfer, Lehmann, Nehls, & Panne, 2007 ) legumes,
spices, green tea and dried fruits, such as €gs. ( Karbancioglu-Giler
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& Heperkan, 2008) or raisins ( Sugita-Konishi et al., 2006 ). OTA may
also represent a potential airborne hazard, in water-damaged
buildings, or occupational contamination, in workplaces with high
mould exposure, such as agricultural, farm and alimentary indus-
tries (Duarte, Pena, & Lino, 2009). The European Commission set
the new maximum allowable limits (MAL) for some food commod-
ities in 2006 ( Of€cial Journal of the European Union, 2006 ).

The presence of OTA in beer depends on contamination of brew-
ing materials, i.e. malting barley and malt, with micromycetes of
Penicillium verrucosum sp. and Aspergillus ochraceussp. Several
studies of brewing materials have been performed. OTA content
in barley ranged from 0.1+2.7 | g/kg (Thelman & Weber, 1997 ),
0.01¢0.495 | g/kg (Wolf, 2000) and 0.53+12 | g/kg (Gumus, Arici,
& Demirci, 2004 ). OTA content in malt ranged from 0.10.92 | g/
kg (Thelman & Weber, 1997 ) and 0.5¢6.6 | g/kg (Gumus, Arici, &
Demirci, 2004 ). In 1996 transmission of OTA and other mycotoxins
into beer during brewing was studied ( Scott, 1996). Korgh et al. ob-
served substantial OTA losses (40+89%) ( Krogh, Hald, Gjertsen, &
Myken, 1974 ) in the grist during mashing, most probably due to
proteolytic degradation. Another 16% was eliminated with the
spent grains. During fermentation OTA losses ranged from 2¢69%
(Scott & Kanhere, 1995). The remaining OTA is transmitted to beer.
For the €rst time OTA content in beer was described in 1983 ( Payen,
Girard, Gaillardin, & Lafont, 1983 ). A number of studies performed
worldwide since 1998 reported OTA levels in beer ranging from O
to 0.5 ng/ml ( Mateo, Medina, Mateo, Mateo, & JimAnez, 2007 and
Refs. cited herein), with the exception of the study on South African
beers performed in 2002 ( Odhav & Naicker, 2002 ), where the value
of 2340 ng/ml was the highest level ever reported for OTA content
in beer. We can conclude that beer is not a relevant contributor to
the OTA exposure for population. The European Commission did
not set the maximum allowable limit for OTA content for beer.

Barley, malt and beer represent a very complicated matrix, sam-
ple preparation and clean-up procedure prior to the analysis are
necessary. The methods most frequently used are liquideliquid
and solideliquid extraction or immunoaf€nity columns (IAC)
(Benyuva & Gilbert, 2010 and Refs. cited herein ,). The possibilities
of extraction, separation and detection of OTA and other mycotox-
ins including HPLC, TLC, GC, mass spectrometry, capillary electro-
phoresis and ELISA tests were summarised in the latest review in
January 2009 (Turner, Subrahmanyam, & Piletsky, 2009 ).

The aim of this study was to determine the ochratoxin A con-
tent in raw brewing materials, during the brewing process and in
the beer samples by a new UPLC separation technique coupled to
euorescence detection.

2. Experimental
2.1. Materials and reagents

OTA standard (solution, 10 | g/mlin acetonitrile), analytical and
HPLC reagents were obtained from SigmacAldrich (Steinheim, Ger-
many). The immunoaf€nity columns Ochraprep were purchased
from the company R-Biopharm (Germany).

Phosphate buffer (PBS) was prepared by mixing 800 ml of
deionised water containing 19.1p0.1g of disodium hydrogen
phosphate and 200 ml of deionised water containing 1.8p 0.1 g
of potassium dihydrogen phosphate. The pH of the resulted phos-
phate buffer was adjusted to 7.4 with the solution of 2 M sodium
hydroxide.

2.2. Samples

OTA content was determined in three sets of samples: (1) OTA
content in brewing materials ¢ barley, hop, malt, (2) OTA content

during beer production, (3) OTA content in beers purchased in local
shops.

2.2.1. OTA content in brewing materials * barley, hop, malt
Samples of malting barley, hop and malt were obtained from
different localities and suppliers in the Czech Republic. Various
matrixes of hop were delivered (cones, extract, paste). This set in-
cluded 39 barley samples, 58 malt samples and 5 hop samples, i.e.
totally 102 samples. All samples came from harvests 2008+2009.

2.2.2. OTA content during beer production

Ochratoxin A was determined in samples of two malting barley
varieties Bojos and Sebastian during malting and brewing. The
samples from the harvest year 2008 were collected from the grow-
ing station Hrubcdice in the Czech Republic. The malting barley
samples included both the fungicide treated and nontreated vari-
ants. Malts from these barleys were prepared in the micromalting
plant of the Malting Institute of the Research Institute of Brewing
and Malting in Brno using the procedure with short steeping and
CO, extraction. Sweet wort, hopped wort and beer were prepared
in the Brewing Institute of the Research Institute of Brewing and
Malting in Prague. Beer was prepared by a classical decoction
method. This set included 20 samples.

2.2.3. OTA content in beer

Beer samples were purchased in local Czech stores in 2009. Beer
samples included pale beer, lager, blended beers, special beers,
dark and nonalcoholic beers both of inland and outland produc-
tion. This set included 115 samples.

2.3. Sample preparation and extraction

OTA from a sample was concentrated on the immunoaf€nity
column. The antibodies contained in the immunoaf€nity column
were reversibly bound to the mycotoxin in the extract and thus
trapped. Subsequently, the mycotoxin was eluted from the column
using the elution mixture, as described below.

The barley, malt samples (50p0.1g) and hop samples
(25p 0.1 g) were blended for 2 min or ultrasonicated for 10 min
with 200 ml acetonitrileswater (60:40 v/v). The homogenised sam-
ple was centrifuged at 4000 rev/min for 10 min. The supernatant
was €ltered through a glass €lter. 22 ml of PBS was added to
2 ml €ltered extract. After complete homogenisation the sample
was applied to the Ochraprep immunoaf€nity column with sow
rate equal to 2¢3 ml/min. The column was washed with 20 ml of
PBS.

Elution was repeated three times with 1.5 ml of methanol/ace-
tic acid (98:2, v/v) at a *ow rate less or equal to 2¢3 ml/min. The
eluate was rotary evaporated to dryness under vacuum and redis-
solved in 1 ml of methanolewater (50:50, v/v). The sample was €I-
tered through a 0.22 | m nylon micro€lter.

In the liquid matrixes, the extraction step was omitted. 50 ml of
beer sample was degassed using the ultrasound cleaning device,
pH was adjusted to 7.2 with 2 M NaOH. The whole volume of the
sample was passed through the immunoaf€nity column and elu-
tion was performed as described above.

2.4. Preparation of standard calibration curve

Concentration of OTA standard (SigmasAldrich) was 10 | g/ml
in acetonitrile (ACN). Concentration of stock solution prepared
from this standard was 100 ng/ml in methanoleswater 50:50. A se-
ven-point calibration curve of methanolewater 50:50 (at concen-
trations of 0.5, 1, 2, 4, 6, 8, and 10 ng/ml) was constructed.
Calibration solutions were freshly prepared each day before the
measurement. Each solution was injected twice, mean was



S. BiAkovA et al./ Food Chemistry 126 (2011) 321+325 323

calculated from two measurements. Calibration curve was con-
structed as the dependence of the peak area on concentration of
the standard. Ochratoxin A was identi€ed by the comparison of
retention time of a corresponding peak with peak of the standard.

The external standard method was used for the quantitative

evaluation.

2.5. Instrumentation and OTA analyses

OTA standards and samples were analysed on the Acquity UPLC
chromatographic system (Waters, USA). The system is equipped
with a binary high-pressure gradient pump, vacuum degasser,
autosampler with the Rheodyne injector, thermostat of columns
and programmable PDA and suorescence detector. Data were col-
lected and processed by the Empower software.

Analyses were performed on a Waters ACQUITY UPLC HSS T3
column (2.1 100 mm, 1.8 | m particle size) using binary gradient
acetonitrile (ACN)-water adjusted with H  3PO, to pH 2 (0 min 40%
ACN, 2 min: 60% ACN, 2¢2.2 min: 60% ACN, 2.5 min: 40% ACN).
The «ow rate of the mobile phase was 0.500 ml/min, the column
temperature was 40 °C, injection volume was 10 | I. The total anal-
ysis time was 5 min. The system was equipped with a suorescence
detector set to an excitation wavelength of 335 nm and emission
wavelength of 440 nm.

For the identi€cation and con€rmation of OTA in some selected
samples, the HPLC/ITP/MS LCQ Advantage (Thermo-Fisher, USA)
with atmospheric pressure ionisation controlled by the Excalibur
software was used. Conditions were as follows: The Kinetex PFP
column (3.0 100 mm, 2.6 | m particle size) was employed using
isocratic elution with a methanol « 10 MM ammonium acetate in
water (70:30, v/v) mixture as mobile phase. The eow rate was
0.300 ml/min and injection volume was 25 | I. The retention time
of OTA was 2.5 min. The following MS parameters were employed:
For electrospray ionisation with positive ion polarity the capillary
voltage was set to 3.0 kV, the capillary temperature to 250  °C, the
sheath gas eow (nitrogen) to 40 I/min. The collision energy was
40% and the fragmentation time was 30 ms. To determine the
product ion of OTA, the protonated molecule ((M+H] ) at m/z
404 was isolated, and the fragment ion was detected in a scan
range of m/z 300+450. The most intensive product ion was m/z
358 ([M + H*HCOOH] *). OTA was detected in full scan mode of
MS? 404 ? 358.

3. Results and discussion
3.1. Method parameters

Matrixes of barley, malt, hop, and beer being very complicated,
the use of selective immunoaf€nity columns was the most suitable
method for obtaining high purity OTA extracts without the content
of matrix components that could cause interferences in the assay.
The method for the extraction of ochratoxin A from different ma-
trixes was optimised. Both the methods used for sample homoge-
nisation, i.e. blending and ultrasonic homogenisation, gave similar
results. For the extraction on immunoaf€nity column, different
volumes of PBS buffer and beer samples were tested to achieve
optimal recovery. Conditions described in Section 2.3 proved to
be the most suitable.

For the chromatographic analyses, gradient elution was opti-
mised. Elution mentioned above in Section 2.5 was assessed as
the best one. Fig. 1 shows the chromatogram of OTA standard at
the concentration of 0.5 ng/ml and chromatogram of beer sample
with 0.795 ng/ml of OTA, extract was pre-concentrated €fty times.

Calibration curve was linear in the given range with the regres-
sion coefEcient R? =0.9992. The equation of the calibration curve

was y =7430 p 94 x + 715 p 527. Ef€Validation program was used
for calculation of the con€dence intervals ( a< 7189.40.76971.50
>; b <y 640.47-2069.80 >).

The limit of detection (LOD) was de€ned as the concentration at
which the signal to noise ratio equals 3. The limit of quanti€cation
(LOQ) was de€ned as the concentration where the signal to noise
ratio equals 10. LOD and LOQ values were 0.0003 and 0.001 ng/
ml for beer, 0.05 and 0.2 | g/kg for barley and malt, 0.16 and
0.5 g/kg for hop, respectively. RSD for repeatability was 5.3% in
barley and malt, 4.2% in beer.

Recovery for barley and malt was calculated using the certi€ed
reference material (CRM), cereal eour enriched with the known
OTA concentration. The sample with zero OTA concentration was
selected for the determination of recovery in beer. The sample
was spiked with the OTA standard of the given concentration
and then it was extracted and analysed pursuant to the method de-
scribed above. Relative extended uncertainty of the determination
for barley and malt was 14.90%. Relative extended uncertainty of
the determination for beer was 8.94%. Recovery and relative ex-
tended uncertainty of determination for hop was not calculated
due to a small number of samples and differences in hop matrixes
(cones, extract, paste). Results are given in Table 1.

3.2. Analyses of brewing materials

Within the period of two years (2008 and 2009) the analyses of
39 malting barley samples, 58 malt samples and 5 hop samples
were performed. These brewing material samples came from dif-
ferent localities of the Czech Republic. OTA was detected in one
barley sample (0.3 | g/kg) and one malt sample (0.7 | g/kg). One
hop sample was contaminated with 0.6 | g/kg of ochratoxin A. All
three contaminated samples were from harvest 2009. Results
(without recalculation for recovery) are given in Table 2.

In comparison to other studies ( Gumus, Arici, & Demirci, 2004;
Thelman & Weber, 1997; Wolf, 2000 ), very low OTA contamination
of studied brewing materials was found.

The level of OTA depends on number of key factors. Cereals can be
contaminated during harvest, the occurrence and persistence of  P.
verrucosum in soil has been proved ( Elmholt & Hestbjerg, 1999 ).
Good storage practice must be also kept ( Magan & Aldreda, 2007 ).
In addition, admixtures of impurities, namely dust, weed seeds,
and grain fractures ( Tangni & Pussemier, 2006) can affect OTA
contamination. Dust can either contaminate cereals directly or it
can act as an inoculum. Seed and weed admixtures can temporarily
increase moisture in a cereal and thus create suitable conditions for
mycotoxin production. Early grain clearance and moisture decrease
under critical limit can prevent cereal contamination with OTA.

It can be concluded, that the very low contamination of studied
brewing materials with OTA was probably due to the fact that
impurities were removed as the samples were determined for fur-
ther processing and beer production. Another reason can be, that
all producers and suppliers kept an excellent drying and storage
conditions, which helped avoid mould growth and subsequent
OTA contamination.

3.3. Transmission of OTA during the technological process of beer

Transmission of OTA during the technological process of beer
production was analysed in 2 samples of barley, malt, sweet wort
and hopped wort and beer produced from them. The barley varie-
ties Bojos and Sebastian were from one locality, the variants were
both chemically (fungicide) treated and nontreated. OTA content
was not detected in any barley and malt samples. The trace
amounts of OTA were detected in sweet wort made from the vari-
ety Sebastian. Sweet wort was stored in the refrigerator for 72 h
during analyses. During this time an eye-visible mould was
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OTA, RT 2.3 min

T T
1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80
Minutes

Fig. 1. OTA standard (full line) and beer contaminated with OTA (interrupted line).

Table 1
Limits of detection and quanti€cation for different matrixes.

Table 4
OTA concentrations in beer samples.

Matrix LOD LOQ Recovery% Total Positive Min Max
Beer 0.015 ng/ml 0.05 ng/ml 95 Pale beer ng/ml 72 30 0.001 0.2438
Barley, malt 0.05 | g/kg 0.2 | g/kg 82 (CRM) Dark beer ng/ml 18 8 0.0022 0.0478
Hop 0.16 | g/kg 0.5 | g/kg . Special beer ng/ml 10 4 0.0018 0.045
Nonalcoholic beer ng/ml 15 5 0.0014 0.0508
Table 2 A level (0.2438 ng/ml) was found only in one sample of pale beer.
OTA concentrations in brewing materials. Results are given in Table 4.
Total Positive Min Max
Barley | glkg 39 1 0 0.3 4. Conclusion
Malt | g/kg 58 1 0 0.7
Hop I gkg 5 ! 0 0.6 The method for the extraction of ochratoxin A from different
matrixes was optimised and the analytical UPLC method with euo-
rometric detection was developed and validated. This method en-
Table 3 ables to obtain results in a substantially shorter period compared

OTA concentrations during technological process.

Variety Barley Malt Sweet wort Hopped wort Beer
(I'a/kg) (I g/kg) (ng/ml) (ng/ml) (ng/ml)
Bojos (nontreated) <LOD <LOD <LOD <LOD 0.0076
Bojos (treated) <LOD <LOD <LOD <LOD 0.013
Sebastian (nontreated) <LOD <LOD 0.0126 <LOD <LOD
Sebastian (treated) <LOD <LOD 0.0126 <LOD <LOD

created, probably causing production of OTA. This suggests a pos-
sible contamination of a sample during storage at lowered temper-
ature. OTA was not found in the control sample of wort. OTA was
not detected in the beer made from the variety Sebastian. We
can assume that secondary fungal contamination can be elimi-
nated by maintaining the proper technological procedure. Trace
amounts of OTA were only detected in beer produced from the
variety Bojos; OTA concentration in other samples was below
LOD. Results are given in Table 3.

3.4. Occurrence of OTA in beer

In 2009 analyses of 115 beers (i.e. pale, dark, special and nonal-
coholic beers) from local stores were performed. OTA was present
in 39% of samples. With the exception of one sample, Ochratoxin
concentration ranged from 0.001+0.0544 ng/ml, which corre-
sponds to the data given in the literature. The highest ochratoxin

to the classical HPLC method. LOD and LOQ were signi€cantly low-
er compared to the data given in the literature for the FLD or MS
detection. It is also much cheaper than the frequently used MS
detection. The method is simple and fast and it is suitable for rou-
tine checking of the brewing materials, intermediates and a €nal
product in the whole technological process of the beer production.

It is also suitable for monitoring the OTA occurrence in beer in
common trade network.

During the two-year period (2008+2009) this method was used
for the analysis of samples of malting barley, malt, hop and beer.
Only one barley, one malt and one hop sample from 2009 were
contaminated with ochratoxin A. 115 beer samples of local and for-
eign provenience purchased in local stores were analysed, OTA
content was determined in 39% of samples in the range of 0.001
to 0.2438 ng/ml.
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abstract

In 2008e 2011 a total set of 333 samples of brewing raw materials and beer were analyzed for the
presence of as atoxins B1, By, G; and G,. The standard analytical method using high-performance liquid
chromatography coupled to mass spectrometric detection with immunoaf nity column clean-up was
applied. The method was validated. Limits of detection varied from 0.04 to 0.12  ny/kg in barley and malt,
0.08e 0.58 ny/kg in different hop samples, 0.04 e 0.12 ny/kg in brewers ' yeast and spent grains and 1.5
e 4.7 ng/l in beer. Limits of quanti  cation varied from 0.13 to 0.39 ny/kg in barley and malt, 0.25 e 1.94 ny/
kg in different hop samples, 0.13 e 0.39 ny/kg in brewers ' yeast and spent grains and 5.1 e 15.2 ng/l in beer.
In 7 of 216 samples of brewing raw materials (3.2%), a « atoxins were found at trace concentrations to
1.2 ng/kg. In 6 of 117 (5.1%) beer samples, as atoxins were detected at concentrations to 31.0 ng/l. Values
in barley and malt did not exceed the maximum allowable limit set by the European Union.

Immunoaf nity column

e 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mycotoxins are low molecular secondary metabolites of la-
mentous microscopic fungi that cause various toxic syndromes,
collectively called mycotoxicoses. Bennett (1987) de ned myco-
toxins as natural products of fungi that evoke a toxic response of
the organism even at small concentrations. Therefore, any
contamination with toxigenic fungi may be considerably dangerous
(Richard, 2007; Speijers & Speijers, 2004 ). Microscopic fungi occur
in soil and in a form of spore also frequently in the air. Mycotoxins
are found throughout all levels of the food chain, contamination
may already occur in the phase of growing in a eld as well as
during storage ( Krska, Baumgartner, & Josephs, 2001). The most
serious effects include hepatotoxicity and neurotoxicity (  Eaton,
Beima, Bammler, Riley, & Voss, 2010). Acute toxic mycotoxin
effects are observed only exceptionally, late toxic effects, such as
carcinogenity, immunotoxicity, mutagenity and developmental
toxicity caused by the uptake of single low doses or repeated low
doses from food, being more signi cant. For this reason, their
presence in food materials is continuously monitored. In 2006, the
European Commission set the new maximum allowable limits
(MAL) for some food commodities ( Commision of the European
Communities, 2006 ).

! Corresponding author. Tel.: « 420 545 214 110/37; fax: « 420 545 321 225.
E-mail address: benesova@beerresearch.cz(K. Benesov!).

0956-7135/$ e see front matter « 2011 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.foodcont.2011.11.033

The best known mycotoxin producers are fungi of  Aspergillus,
Penicillium and Fusarium species. Ae atoxins (Aspergillus «avus
toxins) are products of toxigenic strains A. eavus, A. parasiticus
A. argeninicus and A. nomius. They are typical toxins of tropical and
subtropical regions. Under favorable conditions (relatively high
temperature and humidity) A.eavus and A. parasiticus are able to
grow and produce a e atoxins on nearly each organic substrate
including all agricultural commodities. They mostly occur in
various unprocessed products, such as cereals, spices, all kinds of
nuts, oil crops, gs and dried fruits ( Imperato, Campone, Piccinelli,
Veneziano, & Rastrelli, 2011). Food of the animal origin is a much
less suitable substrate for a e atoxin production. Of more than 20
as atoxins known, only four (i.e. B 1, By, G;, and Gy) contaminate
food. Chemically, they belong to difuranocoumarins. A < atoxin B
occurs most frequently, it is considered as the most toxic and
powerful carcinogens ( IARC, 1993. Hydroxylated derivates of
ae atoxin B4, a atoxins M ; and M», are found in milk and dairy
products (e.g Bilandzi¢, Varenina, & Solomun, 2010; L"pez, Ramos,
Ramad!n, & Bulacio, 2003 ). These metabolites are produced mainly
during the digestion process of ruminants fed with contaminated
feed.

Beer is a traditional beverage in many countries. Mycotoxins get
to beer either from contaminated input materials or adjuncts
(barley, malt, hop, brewery yeasts) added in the course of brewing.
The rst experiments to trace the mycotoxin fate in the brewing
process were carried out in the 1970s when the authors  Chu, Chang,
Ashoor, and Prentice (1975) added before the micromalting process
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puri ed standards of toxins AF B; and ochratoxin A at concentra-
tions of 1 and 10 ny/g of malt. A great portion of mycotoxins was
removed during the production process, nevertheless 18% (at
concentration of 1 ny/g) and 27% (at concentration of 10 ny/g) of
ae atoxin B passed into beer. The as atoxins are only moderately
heat-stable when boiled in water alone, but if present in foods and
bound to a substrate, they are not nearly degraded ( Tabata et al.,
1992). In 2010, the authors Pietri, Bertuzzi, Agosti, and Donaldini
(2010) studied the transfer of a ¢ atoxin B; and fumonisin B 1 from
naturally contaminated raw materials to beer. Content of AF B 1
ranged from 0.31 to 14.85 ny/kg of the raw material, 0.6 e 2.2 % of AF
B; passed into beer. Before 1991 ae atoxins were not detected in
European beers (e.g. Cerutti, Vecchio, Finoli, & Trezzi, 1987; Fukal,
Prosek, & R'kosov!, 1990; Payen, Girard, Gaillardin, & Lafont,
1983; Woller & Majerus, 1982 ), later, in the 1990s trace amounts
were scarcely found in several samples of beers imported from
south Europe. They occurred in beers coming from South America
or equatorial Asian countries ( Mably et al., 2005; Scott, 1996;
Nakajima, Tsubouchi, & Miyabe, 1999 ). The presence of as atoxins
in raw materials and beers from tropical countries is common (e.g.
Nikander et al., 1991; Odhav & Naicker, 2002 ), increased as atoxin
concentration is frequently reported in sorghum, a traditional
African cereal, and beers brewed from it ( Matumba, Monjerezi,
Khongha, & Lakudzala, 2011).

A number of analytical methods have been used for the myco-
toxin detection in food matrices ( Turner, Subrahmanyam, &
Piletsky, 2009). The most commonly used test for screening of
ae atoxins in food is the commercially available set ELISA (e. g. Ghali,
Hmaissia-khlifa, Ghorbel, Maarou , & Hedili, 2008), high-
performance liquid chromatography with e uorescent (Jaimez
et al., 2000) or mass - spectrometric detection is employed for
more accurate determination. Currently, multiresidual methods for
the analysis of more mycotoxins from one food matrix have been
developed (e. g. Berthiller, Sulyok, Krska, & Schuhmacher, 2007;
Ibl#ez-Vea et al., 2011; Ventura et al., 2006; Zachariasova et al.,
2010). The advantage is a lower price of the analysis and detec-
tion of simultaneous occurrence of more toxins.

The aim of this study was to summarize results of a four-year
(2008e 2011) research project monitoring the occurrence of a -« a-
toxins B 1, By, G; and G, in brewing materials e malting barley, malt,
hop, brewers' yeast, spent grains and beer. All samples were ob-
tained from malt plants and breweries in the EU countries. The
method of high-performance liquid chromatography with mass
spectrometry (HPLCe MS/MS) was used for the analysis.

2. Experimental
2.1. Materials and reagents

Ae atoxin standards (B ; and G; 2.0 ng/ml, B, and G, 0.5 ng/ml,
solution in acetonitrile), analytical and HPLC reagents were ob-
tained from Sigma e Aldrich (Steinheim, Germany). The immu-
noaf nity columns AFLAPREP were purchased from the company R-
Biopharm (Germany). Multifunctional SPE clean-up columns
MycoSep! 226 A+ azone were obtained from the company Romer
Labs Diagnostic GmbH (Austria).

Phosphate buffer (PBS) was prepared by mixing 800 ml of
deionized water containing 19.1 0.1 g of disodium hydrogen
phosphate (Na;HPQ,) and 200 ml of deionized water containing
1.8 0.1 g of potassium dihydrogen phosphate (KH >PQy). The pH of
the resulted phosphate buffer was adjusted to 7.4 with the solution
of 2 M sodium hydroxide (NaOH).

Mobile phase for chromatographic analyses was prepared by
dissolving 0.38  0.001 g of ammonium acetate (CH 3COONH,) in
400 ml of deionized water and the volume was adjusted to 500 ml.

The solution was
Iter.

Itered before use through the 0.45 nm nylon

2.2. Samples

Ae atoxin content was analyzed in different brewing materials e
malting barley, malt, hop, brewers ' yeast and spent grains. Barley
samples were collected during harvests 2008 e 2010. All samples
were obtained from EU malting plants or breweries. The set
included 61 barley samples, 77 malt samples, 54 hop samples, 12
brewers' yeast samples, 12 spent grains samples and 117 beer
samples, i.e. totally 333 samples.

2.3. Preparation of samples

All samples were analyzed shortly after delivery. Barley and malt
samples were ground and homogenized in the malt mill (Super Jolly
SJ 500, Mezos, Czech Republic). Various matrices of hop were ob-
tained (cones, extract, paste). Dried hop cones or pellets were ground
in a mortar. 50 0.1 g of a homogenized sample (barley, malt) or
25 0.1g (hoppellets) or 10 0.1 g (hop cones) were weighed into
alyo lization bottle and 2.0 g of sodium chloride was added. 125 ml of
MeOH:H,0 (60:40 v/v) was poured into the sample. After 10 min of
ultrasonic treatment, deionized H ,0 water (125 ml) was added and
the homogenized sample was centrifuged at 4000 rev/min for
10 min. The supernatantwas ltered through a glass lIter.

10 ml of ltrated extract of barley, malt or hop were applied to
the AFLAPREP immunoaf nity column at a < ow rate equaling to
2e 3 ml/min or slower. The column was washed with2 ! 10 ml of
PBS. Elution was repeated three times with 1.0 ml of methanol at
a * ow rate lower than or equaling to 2 e 3 ml/min. The eluate was
rotary evaporated to dryness under vacuum and redissolved in 1 ml
of methanol e water (50:50, v/v). The sample was Itered through
a 0.22 "m nylon micro lter.

In the beer matrix, the extraction step was omitted. 50 ml of
beer sample was degassed using the ultrasound cleaning device;
pH was adjusted to 7.2 with 2 M NaOH. The whole volume of the
sample was passed through the immunoaf nity column and
elution was performed as described above.

Brewers' yeast and spent grains were thoroughly homogenized
(shaken) and 25 g aliquot was immediately taken. 100 ml of
ACN:H,O (84:16 v/v) was added to the sample and the sample was
placed in ultrasonic bath for 10 min. The sample was then centri-
fuged at 4000 rev/min for 15 min and the supernatant ltered
through a glass Iter. 10 ml of the ltered extract was transferred
into the glass tube and the whole volume was pushed through the
MycoSep! 226 A« azon ¢ clean-up column. Pure extract (4 ml) was
removed, rotary evaporated to dryness under vacuum, redissolved
in 1 ml of methanol e water (50:50, v/v) and analyzed.

2.4. Preparation of standard calibration curve

Ae atoxin standards B, By, G; and G, were purchased from
Sigmae Aldrich. Concentrations of B ; and G; were 2.0 ng/ml and
concentrations of B, and G, were 0.5 ng/ml in acetonitrile.
Concentration of stock solution prepared from this standards was
100 ng/ml of B ;1 and G; and 50 ng/ml of B , and G, in methanol:-
water 50:50, v/v. A six-point calibration curve of methanol:water
50:50 was constructed from this stock solution by gradual dilution.
Concentrations were as follows: B ; and G; 0.5, 1, 2, 5, 8, and 10 ng/
ml, B, and G, 0.25, 0.5, 1, 2.5, 4, and 5 ng/ml. Fresh calibration
solutions were prepared before the measurement every day. Each
solution was injected twice; mean was calculated from two
measurements. The calibration curve was constructed as the
dependence of the peak area on concentration of each standard.



Author's personal copy

628 K. Beneove et al. / Food Control 25 (2012) 626e 630

Each e atoxin was identi ed by comparing the retention time and
MS/MS spectrum of a corresponding peak with the peak of the
standard. The external standard method was used for the quanti-
tative evaluation.

2.5. Analysis of a atoxins by HPLC/ITP/MS

For the identi cation and quanti cation of a« atoxins, the HPLC
(Finnigan Surveyor) coupled to ion trap LCQ Advantage (Thermo-
Fisher, USA) with atmospheric pressure ionization was used.
Conditions were as follows: The Synergi Hydro RP 80A HPLC
column (3.0 ! 150 mm, 4.0 nm patrticle size) was employed using
isocratic elution with a methanol:10 mM ammonium acetate in
water (50:50, v/v) mixture as the mobile phase. The column
temperature was 40 " C. Thee ow rate was 0.3 ml/min and injection
volume was 25 m. The following MS parameters were employed:
For electrospray ionization with positive ion polarity, the capillary
voltage was set to 3.0 kV, the capillary temperature to 250 "C, the
sheath gas+ ow (nitrogen) to 40 I/min. The collision energy was 40%
and the fragmentation time was 30 ms. To determine the product
ions, the protonated molecules [M « H]" (at m/z 313 for AFBy, 315
for AFB,, 329 for AFG; and 331 for AFG,) were isolated, and the
fragment ions were detected in a scan range of m/z 200e 400. The
selected fragment ions were 285 and 241 m/z for AFB,, 287 and
259 m/z for AFBy, 311 and 243 m/z for AFG; and 313 and 245 m/z for
AFG. Data were collected and processed with Excalibur software.

3. Results and discussion
3.1. Analytical methods

Brewing materials are very complicated matrices, therefore, the
selective immunoaf nity column (IAC) was chosen as the most
suitable method for obtaining high purity extracts of a « atoxins
with the low content of matrix components that could cause
interferences in the assay. Puri cation of a sample also helps
prevent contamination of the ion source. Multifunctional SPE
clean-up columns are another alternative for complex matrices.
Currently, the commercially available IAC and SPE columns can be
used for simultaneous extraction of several mycotoxins, which
makes sample preparation cheaper and less laborious.

Calibration curves were linear in the given range. Ef ~ Validation
program was used for calculation of the con  dence intervals a and
b. Equations of the calibration curves were as follows: For B 1
y # 4232 1466x ¢ 49405 8427 with the regression coef cient
RC# 0.9969. (a< $17383 $ 29402 > b < 44606 $ 52747 >), for G,
y # 5331 1512x ¢ 37423 8645 with the regression coef cient
RC # 0.9943. (a< 32737 $ 41130 >; b < $16432 $ 31562>), for B,
y # 9534  1115x « 32271 3171 with the regression coef cient
R # 0.9909. (a< 4727 $ 22335 >; b< 28085 $ 34275 >) and for G
y# 2398 1625x ¢ 29858 5052 with the regression coef cient
R # 0.9929. (a< $12211 $ 19940 >; b < 24300 $ 34643 >).

The limit of detection (LOD) was de ned as the concentration at
which the signal to noise ratio equals 3. The limit of quanti cation
(LOQ) was de ned as the concentration where the signal to noise
ratio equals 10. LOD and LOQ values for barley and malt are
comparable to the values given in the literature for cereals (  Beltr!n,
Ibli#ez, Sancho, & Hern!ndez, 2009; Frenich, Mart nez, Romero-
Gonzllez, & Aguilera-Luiz, 2009; Lattanzio, Solfrizzo, Powers, &
Visconti, 2007 ) and beer (Nakajima et al., 1999; Ventura et al., 2006;
Zachariasova et al., 2010). Results are summarized in Table 1

Recovery was calculated using the spiked sample since the
certi ed reference material is not commercially available for the raw
materials studied. The sample with zero concentration ofa « atoxins
was selected and spiked with the a < atoxin standards; hop, brewers '

Table 1

Limits of detection (LOD) and limits of quanti  ciation (LOQ) for different matrices.

Matrix Ae atoxin LOD LOQ
Barley, malt ng/kg B; 0.04 0.13
B, 0.08 0.26
G, 0.08 0.25
G, 0.12 0.39
Hop (granular formulation) ny/kg B1 0.08 0.25
B, 0.16 0.52
G, 0.15 0.51
G, 0.23 0.78
Hop (cones) ny/kg B; 0.19 0.64
B, 0.39 1.29
G, 0.38 1.27
G, 0.58 1.94
Brewer's yeast ny/kg B, 0.04 0.13
B, 0.08 0.26
Gy 0.08 0.25
G, 0.12 0.39
Spent grains ny/kg B; 0.04 0.13
B, 0.08 0.26
Gy 0.08 0.25
G, 0.12 0.39
Beer ng/l B, 15 5.1
B, 3.1 10.3
Gy 3.1 10.2
G, 4.7 15.2

yeast and spent grains to two, and barley, malt and beer to three
given concentration levels. Then the samples were extracted and
analyzed using the method described above. Recovery values for
barley and malt were comparable to those given in the literature for
barley (Ibl#ez-Vea at al., 2011 ) and other cereals, such as maize
(Lattanzio et al., 2007; Rahmani, Jinap, Soleimany, Khatib, & Tan,
2011). Recovery for beer was also in compliance with the pub-
lished data ( Nakajima et al., 1999; Ventura et al., 2006; Zachariasova
etal., 2010). No comparable data for other brewing matrices existin
the literature. Hop is one of the most complicated matrices. It
contains many complex substances (polyphenols, phenolic acids,
« avonoids, bitter acids, hop oils and resins) which can complicate
sample puri cation and following analytical determination. Each
hop sample has a slightly different character (hop cones, hop
pellets). Nowadays hop pellets are most frequently used for beer
production. Recovery values attained by puri  cation of hop through
the immunoaf nity column were very good. Yeast and spent grain
samples contained different percentage of water. The yeast and
spent grain samples were treated in the same way as solid cereal
matrix and results were not calculated to dry matter content in

a sample. Extraction of yeasts and spent grains through the IAC
columns was tested but extract yields were quite low, particularly in

as atoxins G and G,. Inyeasts, the values were 61%, 63%, 41% and 28%
for AFBy, AFB, AFG and AFG;; in spent grains, the values were 60%,
87% 41% and 27% for AFBAFB,, AFG and AFG,. The immunoaf nity
column may not be suitable for this kind of matrices. The sample
clean-up procedures employing the multifunctional SPE column
provided very good recovery values. Considering the complexity of
matrices and relatively high 2noise® on the MS detector, these three
matrices were spiked only at two concentration levels, corre-
sponding tothe EU limits. The results are summarizedin Table 2. The
average recovery value for the sum of all a « atoxins (total a * atoxins)
was 91.97% for barley and malt, 98.50% for hop, 86.64% for yeasts,
92.70% for spent grains and 93.98% for beer.

3.2. Occurrence of aatoxins in brewing materials

The a- atoxin contents in real samples are given without recal-
culation for recovery. Values above the limit of quanti cation are
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Table 2
Recovery values of as atoxin-spiked brewing matrices and beer at three (barley, malt, beer) or two (hop, yeast, spent grains) different levels.
Matrix Preparation of sample A e atoxin Recovery (%) RSD
Low level Medium level High level
(1.0 B1/Gy, 0.5 By/Gy) (2.0 B1/G1, 1.0 By/Gy) (4.0 B1/Gq, 2.0 B,/G»)
Barley, malt ny/kg IAC By 97.7 18.63 83.1 8.83 755 16.74
B, 98.1 16.18 103.2 19.94 88.3 12.68
Gy 91.8 11.58 81.4 11.92 88.9 10.97
Gy 117.0 25.03 87.8 29.31 90.8 15.76
Hop (granular formulation) ny/kg IAC By 86.8 12.99 71.8 7.38
B, 79.8 17.15 87.5 17.34
Gy 98.7 1248 921 9.92
Gy 65.7 16.18 109.6 12.63
Brewer's yeast Ng/kg Clean-up column B 82.6 17.19 88.2 11.44
B, 73.9 17.15 82.1 1547
Gy 101.3 16.54 90.5 9.09
Gy 98.7 16.87 75.8 13.83
Spent grains ny/kg Clean-up column B 96.6 11.62 90.3 10.86
B, 935 14.27 93.0 12.83
Gy 96.1 9.17 955 1227
Gy 101.8 16.77 748 1227
Low level Medium level High level
(0.04 B1/Gy, 0.02 By/Gy) (0.08 B1/Gy, 0.04 B,/Gy) (0.16 B1/Gy, 0.08 B,/Gy)
Beer ny/l IAC By 98.2 17.96 88.4 16.30 87.0 8.39
B, 96.8 14.94 84.3 15.83 105.6 14.79
Gy 96.8 18.67 90.1 10.34 80.6 10.78
Gy 106.0 17.82 103.6 16.68 90.4 18.84

taken as positive. Table 3 summarizes the results expressed
according to currently valid European legislation (  Commision of the
European Communities, 2010 ) setting the maximum allowable
limit for a « atoxin B 1 2.0 ny/kg and for total content of all a < atoxins
(S By, By, Gy, &) 4.0 ny/kg. Only three positive samples of barley
were found (4.9%). One sample contained 0.4 ny/kg AFB; and at the
same time 0.4 ny/kg of the sum of the other three a « atoxins (AFB,,
AFG and AFG), the second sample only 0.3 ny/kg AFB; and the
third one only 1.1 ny/kg of the sum of the other three a « atoxins. The
values measured in this study are slightly higher than those given
by Ibl#ez-Vea et al. (2011) , who analyzed barley samples for food
and feed products. The authors gave ve positive (above LOQ)
barley samples with maximal AFB ; content 0.185 ny/kg. AFB, was
detected in several samples but only one of them exceeded LOQ
(0.042 ny/kg) and no samples with detected AFG ; and AFG,
exceeded limit of quanti  cation.

In this study, one positive sample of malt (1.3%), one sample of
brewers' yeast (8.3%) and one sample of spent grains (8.3%) were
detected. These samples contained only a+ atoxin B at maximal
concentration of 0.4 ny/kg. Most aetoxins are removed during
brewing, the exact mechanism is not known. Signi  cant losses
during malt production may be caused by non-speci ¢ interactions
or adsorption of mycotoxins by the solid particles removed by the

Itration process ( Chu et al., 1975) as spent grains. Brewing spent
grains are a major by-product e up to 85% of all waste produced at
brewing is used as feed for livestock, power industry and biotech-
nological processes. Due to its high proteinand  ber contents it can
serve as a dietary supplement ( Mussatto, Dragone, & Roberto, 2006).

Table 3
Content of a« atoxins in brewing materials and beer.

Matrix Total Positive Range Range
P P

By By, By, G, G2 B By, By, Gi, &
Barley ny/kg 61 2 3 0.3e04 0.3el1
Malt my/kg 77 1 0 0.2
Hop ny/kg 54 0 1 1.2
Brewers yeast ny/kg 12 1 0 0.2
Spent grain nmy/kg 12 1 0 0.4
Beer ng/l 117 5 2 5.0e10.6 15.4e31.0

One positive hop sample (1.9%) contained only a « atoxins By, Gy
and G, above LOQ. A atoxins in malt, hop, yeast or spent grains
a- atoxins have not been detected yet, nevertheless, monitoring of
contamination by these mycotoxins in these matrices might be
desirable also in the future.

3.3. Occurrence of aatoxins in beer

Six positive beer samples (5.1%) contained ae atoxins in the
values exceeding LOQ. In ve of them, only AFB; at maximum
concentration 10.6 ng/l was detected. This sample also contained
4.8 ng/l of other a  atoxins. The sixth positive beer sample con-
tained 31.0 ng/l of the other three a + atoxins (AFB,, AFG and AFG).
The given concentrations are comparable with the results given by
Nakajima et al. (1999) and Mably et al. (2005) for European beers.

Presumably, malting barley and malt are not main sources of
ae atoxin exposure for consumers if properly dried and secondary
contamination during storage is avoided. We can conclude that beers
brewed from quality, puri  ed and well stored raw materials do not
represent any health risk of a ¢ atoxin exposure for consumers.

4. Conclusion

Ae atoxins may pass from the naturally contaminated raw

materials or adjuncts added during the brewing process even to the

nal product e beer. In 2008e 2011, a total set of 216 samples of
brewing materials coming from the European Union were analyzed.
Ae atoxins in trace concentrations to 1.2 nyg/kg were found in 7
samples, i.e. 3.2%. In addition, trace amounts of ae atoxins were
detected in six (5.1%) of 117 analyzed beer samples coming from the
EU countries (AFB; to 10.5 ng/l and sum of all a « atoxins to 31.0 ng/
). Values in barley and malt did not exceed the maximum allowable
limit given by the European Union.
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Abstract

In 2008-2011, the occurrence of deoxynivalenol (DON), zearalenon (ZGXNjoXin (T-
2), and HT-2 toxin (HT-2) was studied in 325 malting barley sanga#scted from various
regions of the Czech Republic. The highest occurrence of fusariumtoryts was recorded
in crop 2009 (2213.5, 59.4 and 145.0 ugitg DON, ZON and T -2, HT-2, respectively).
Only one measured value exceeded the maximum allowable ffimiDON set by the
European Union.

N <y ledunith mass
spectrometry was used for the analysis of the above mentioned.thxinits of detection
were 1.5 pg/kg for DON, ZON and T-2 and 0.3 pgfeg HT-2, the limits of quantification

were 5.0 pg/kgor DON, ZON and T-2 and 1.0 pg/lkgr HT-2.
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Hégrova, Farkova, Macuchova, Havel, & Preisler, 2009; Uligich
Baik, 2009. Barley in the Czech Republic is grown on the area of ca 400 thousardlha
after winter wheat, it is the second most planted c@xe¢h Statistical Office, 201.2The
Czech Republic is an important barley producer and exporter.

Microscopic filamentous fungi dfusariumspecies are significant pathogens of cereals.
They include soil microorganisms occurring in the areas with madeliatatic conditions in
Europe, America and AsiaPlacinta, 1999; Creppy, 2002; avikevieiene, Butkut",
Gaurileikien", Dabkeviéius, & Supronier?01]). Fusariumhead blight (FHB) is a fungal
disease of wheat and other small grains caused by severasspéthe genugusarium
(Ibanez-Vea, Lizzaraga, Gonzalez=Re, & Lopez de Cerain, 2012; Neuhof, Koch, Rasenko,
& Nehls, 2008. The major species associated with FHB in Europe Rnsarium
graminearum, Fusarium avenaceurand Fusarium culmorum,and to a lesser extent
Fusarium poae, Fusarium cerealis, Fusarium equiseti, Fusariyporosrichioides and
Fusarium tricinctum(Bottalico & Perrone, 2002; Ibanez-Vea, et al., 20l#ection of barley
by these pathogenic fungi affects negatively state of healtagatation and leads to losses in
yield, reduced germination capacity and worsened grain maltingtyg@@liveira, Mauch,
Jacob, Waters, & Arendt, 20[L2Although micromycetes ofusarium spp. are known as
“field fungi“, under favorable conditions they can also grow during stor&geighan,
Sullivan, & Sinderen, 2005; Fakhrunnisa; Hasmhi, & Ghaffar, 2006; Capribti,,€2010;

Oliveira, et al., 201p
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Siegel & Babuscio, 2011 include type-B trichothecenes

(deoxynivalenol, nivalenol), type-A trichothecenes (T-2 toxin, HT-2njpxearalenon and a
group of fumonisins Nlankevieiene, et al., 2011; Capriotti, et al., 2010; Wdil, 2007%.
These mycotoxins are worldwide significant contaminants occurrirggri@als e.g. wheat,
oats, maize and, rice and products made from them such as breadanuahleer
(Mankeviéienegt al., 2011; Ibanez-Vea, et al., 201Zhe occurrence, amount and type of
mycotoxin can depend on the environment, fungi species, infection sevetity @ltivar or
kind of the cropWeather during the plant growth, especially in the flowering persoa kiey
factor affecting the mycotoxin productigSkrbi¢, Malachova, Zivanéev, Vepgikova, Z., &
HajSlova,2011; Xu, 2003; Havlovd,ancova, Vaoova, Havel, & HajSloy2006. The most
favorable conditions for the infection development are prolonged periods-@R (A8urs) of
high humidity and temperatures of 25°G0(Muthomi, Ndung'u, Gathumbi, Mutitu,&
Wagacha, 2008; Bottalico & Perrone, 208krbie, et al., 2011

The occurrence of DON in cereals is variable depending largelyeather conditions in
the given locality and year, a previous crop and resistancheofjiven variety. It is an
indicator of a possible contamination by other trichothecen mycat@XaliSek & Hajslova
2009. Cereals can be contaminated by two and more mycotoxindgtamaously $oleimany,
Jinap, Faridah, & Khatib, 201.2DON is often associated with acetylated isomec8tyl-
deoxynivalenol (3ADON), 15-acetyl-deoxynivalenol (EBADON) and also other fusarium
toxins, namely nivalenol (NIV), zearalenon (ZON), T-2 toxin (T-2), &id2 toxin (HT-2)
(Pestka, 2007; Wel, et al., 2012 heir joint occurrence may result in combined toxicity and
changed toxic effect of the individual mycotoxins. The presen@me®fmycotoxin can also
indicate the presence of another orbariez-Vea, et al., 20L2Risk assessment studies
usually take into account only the data relating to the relevanbto®ino occurrence and its

toxicity, howeveflcombinedtoxic ||| | Bl mycotoxin co-occurrence on human and
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Mankevieiene, et al.,
2011).

Maximum allowable levels (MAL) of selected fusarium mycotaxin food set by the
European Commission regulation (EU) 1881/2006, amended by the Europsanigsion
regulation (EU) 1126/2007, are: 1250 pg/kg for DON, and 100 pg/kg for ZOMinven
levels for T-2 and HT-2 have not been set. Monitoring and control prodoams/cotoxins
in food and feed have been implemented in many countries, especthiyEuropean Union
(EV) (Capriotti, et al., 2010; Siegel & Babuscio, 2p11

The most commonly used tests for the determination of mycotoxingiousasamples
are the commercially available enzyme-linked immunosorberstayas(ELISA) or high-
performance liquid chromatography (HPLC) coupled to various deteatohnsas ultraviolet
or fluorescence units and or tandem-mass spectrometry (MSRYi6tti, et al., 2010;
Berthiller, Shuhmacher, Buttinger, & Krska, 2005; Siegel & Babuscib] 20uan, Ritieni, &
Manes, 201p Contrary to ELISAs, the HPLC-based methods do not have to relysesally
on biological materials (enzymes, antibodies) and thus they prodoiee ancurate results.
Antibody-based immunoaffinity columns for clean up (IACs) or solidsptextraction (SPE)
and HPLC separation can largely eliminate false positivetsesithis advantage is reflected
by the fact that the mycotoxin methods, which have been adopted by the Europeaitit€zom
for Standardization (CEN) as "European Standards" to date, are adtogatied on HPLC,
mostly in combination with IACsSiegel & Babuscip201]).

This study summarizes results from 4-year monitoring of the sdletisarium
mycotoxins (DON, ZON, T-2 and HT-2) in 14 regions of the CzechuBep [N

Iy cthod with mass spectrometsy used for the

analysis.






145 Berthiller, et al., 200p The APCI interface was used in

146 negative ion mode, capillary temperature160C, source heater temperature460C,
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Table 1 Data were collected and processed with Excalibur software.

Table 1: Selected MS/MS parameters for each analyte

2.5 Method validation

A seven-point calibration curve in methanol:water 50:50 was corstiifobm the stock
solution by gradual dilution. Concentrations for each mycotoxin were as $lBwi0, 50,
100, 200, 500, and 1000 ng/ml. Quantification was carried out by exterrabtah. The
limit of detection (LOD) was defined as the concentration at wthiehsignal to noise ratio
equals to 3. The limit of quantification (LOQ) was defined as the otrat®n where the
signal to noise ratio equals to 10. Recovery was calculated thgingarley samples spiked
with the four mycotoxins at three different levels with triplicatelyses conducted for each

level. Validation data are summarizedliable 2
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Xu, 2003. Different Fusariumspp. can
have slightly different requirements for the optimal temperature agthleh the period with
increased humidity of the environment, they also produce different oxyestPoliSenska,
2011). Therefore, the level of mycotoxin contamination is different in different years.

Figures 2 (temperatures) and 3 (precipitation sums) show the oofusgeather from
January to August in the studied years compared to the long-teragav(standard) from the
period of 1961 - 1990Gzech Hydrometeorological Institute, 201Figure 2 shows that
except for May 2010 when temperature was by 0.8 °C lower, thegavermperatures were
by 1-3°C above the long-term average. 2008 was characterizéeé bglow average amount
of rainfall, which presumably affected the mycotoxin productiayatieely, it was the second
least contaminated year. Year 2009 recorded two longer periodshef lpigecipitations in
February and March and then from May to July when in combinatidh tigher
temperatures favorable conditions for the fungi growth and mycotoxin product the
period of sowing and then flowering and ear ripening were formed. DuringgtgAugust)
the volume of precipitation declined, nevertheless mycotoxin coimesaimples in 2009 was
the highest of all the studied years. Year 2010 was above avertggensof temperatures
and despite the increased amount of precipitations in May and Augugtotoxin
contamination was the lowest of all. Year 2011 in terms of tempertvas closest to the
long-term average, in precipitations it was closest to the kermy-éverage, in precipitations it
was below average except for July and mycotoxin contaminati@ntiea second highest

(after 2009).

Fig. 2: Average temperature during the period of 2008-2011

Fig.3: Average rainfall during the period of 2008-2011



224 PoliSenska, itsa, & Salava 200%nalyzed 50 samples
225 of malting barley for DON content in the Czech Republic withEh&SA method. More than
226 80 % of the studied samples exhibited DON content to 200 pg/kgpoelysample contained
227 DON over 1250 pg/kg. In 2009, research continued and detected DON contaminas
228 extreme compared to the other years under study (from 2005), only 1inptesavere
229 negative and 13 samples, i.e. 25%, exceeded MAL given by theTE& highest value
230 measured in barley was 7050 pg/kg. In 2010, the level of the mycotoxiantioation in
231 barley was low and besides DON, ZON content was also analfpedver-limit sample was
232 found, maximal contents found for DON was 227ug/kg and maximal contéi®ifwas 14
233 ug/kg (PoliSenska, Jirsa, Salava, MatuSinsky, & Prokg81(Q. The given results are
234 comparable with those found in this study. In 2007-2&fez-Vea et al. (2013nalyzed
235 123 barley samples form the Spanish region of Navarra for the peesérndchothecene
236 mycotoxins by the GC/MS method. In 2008, of 98.5 % of 68 samples weké [fo6itive
237 with the average content of 85 pg/kg and the highest measured vdlli#lo8 pg/kg. In sum
238 of T-2 and HT-2 toxins, 30.9 &% mples were positive with an average content of 11.2 ug/kg
239 and the highest detected value of 532.5 pugfkgadin et al. (2013nalyzed the occurrence
240 of fusarium mycotoxins in cereals from harvest 2011 (including 34 samphegley) in six
241 different regions of Croatia using the ELISA assay. They found 53 ®QiN-positive
242 samples, with mean content of 228 pg/kg and the highest content ofy84f f % of ZON-
243 positive samples with mean content of 32 pug/kg and the highesnt@ité8 pg/kg, and 32
244 % of samples were T-2 positive with mean content of 13 ugikigtlae highest content of 26
245 pug/kg. It is possible to state that considering different ditneonditions and analytical

246 method used, the occurrence of the mycotoxins under study is comparable.



247 HajSlova et
248 al. (2007)gave for harvest 2001 (32 barleys analyzed by GC/ECD) 100 % DON-positive
249 samples with mean content of 156.5 pg/kg, including one barley samptsttiained 2021.8
250 pg/kg. In 2005 the same authors analyzed 24 barley samples bt method fort he
251 presence of trichothecene mycotoxins. 100 % samples were D@iNg®@sth mean content
252 of 37.3 pug/kg and maximal content 170.2 ug/kg, 21 samples contained HIk@ average
253 concentration of 20,8 ug/kg, the maximal value being 72.2 pg/kg, and Haewples
254  contained T-2 in the range between 5.9.7 pg/kg.Mankeviéiene et al. (201Bnalyzed 31
255 samples of spring barley in harvests using the ELISA adsa3006, all 13 analyzed samples
256 were positive for DON, ZON and T-2 toxin, maximal contents @ON, ZON, and T-2
257 being 231.0 pg/kg, 41.4 pg/kg, and 133.2 ug/kg, respectively. In 2008 alamples were
258 positive with the maximal contents of DON of 179.2 ug/kg, ZON 26,&ggand T-
259 2 102.8pg/kg.lbafez-Vea et al. (2012h 44 samples from harvest 2007 found 88.6 % of
260 samples positive for DON with the mean content of 21.7 ug/kg, thesigyalue being 119.9
261 pg/kg. For the sum of T-2 and HT-2 toxins, 22.0f#positive samples had mean content of
262 12.4 pg/kg, with the highest value of 38.8 pg/kg. Most of the cited autlsrsreentioned in
263 their studies local weather conditions in the given season and statéheéhanycotoxin
264 occurrence is strongly affected by them. The given facts inditete the mycotoxin
265 occurrence in cereals, including barley, is natural and cannot be fellgrged, not even if
266 conditions of correct agricultural practice are maintaineds Khown that a certain portion of
267 mycotoxins present in contaminated malting barley survivediteeing process and pass
268 into the final productWolf-Hall, 2007,Bertuzzi, Rastelli, Mulazzi, Donadini, & Pietri, 2011,
269 Bilakova, BeneSova, Mikulikova, & Svoboda, 2011, BeneSova, Bilakova, Mikulikova, &
270 Svoboda, 201 however, the detected mycotoxin content does not represent a aignific

271 health risk for consumers.
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ABSTRACT

In 2009- 2012, the occurrence of mycotoxin deoxynivalenol in beer samples freah Cz
outlet shops was monitored. Samples included pale, dark, dispense@ndgen-alcoholic
beers. Deoxynivalenol content was analyzed by the liquid chronagtogmethod with mass
spectrometric detection. Deoxynivalenol was detected in 74.8 %eocanhlyzed beers, its
content ranged from 2:844.0ug/l. Mean deoxynivalenol content in all samples in relation

to the year of the occurrence moved from-4&3pug/I.

Key words: beer, mycotoxins, deoxynivalenol, LC/MS

1 INTRODUCTION

Beer is weak alcoholic beverage, for centuries brewed from ceretsl, nvater and hop
with the presence of brewery yeasts. Barley is a basicmmaterial for malt production
in traditional brewing countries. During the domestication proc#ss, ancient plant
developed from prevailingly food to feed cereal and malting c€Bzda$ova et al., 2010;
Hégrovaet al., 2009) Composition of microflora of barley graiis affected namely by
geographical and climatic effects, nutrition, fungicide applicataompunt of precipitation
from the beginning of heading to harvest, resistance of varieties tadoagnditions during
storage of barley and produced malt etc.

Barley is attacked by a wide range of phytopatogenic fungi glunowing, ripening,
harvest Fusarium, Alternaria, Stemphylium, Cladosporungnd storage Aspergillus,
Penicillium, Rhizopys(Bol et al., 1988; Niessen et al., 1992). Infection of barley bgethe

pathogenic filamentous micromycetes leads to yield losses, redaoeihation capacity and






Year Non-alco Pale drafted Dark drafted Pale lager  Dark lager Total




Category

Positive/Total

29/35

17/29

24/31

19/24

89/119

Range

Mean DON content

all samples

Mean DONcontent

contaminated sampl




. Mean DON .
References Positive/Total Beer origin LOQ (ug/l)

content

Non-alco Pale drafted Dark drafted Pale lager Dark lager
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