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1 Introduction

The Analysis Committee of the European Brewery Convention
(EBC) decided in 2001 to survey among itsmembersinformation
relating to the analyses of mycotoxins. Theaim of the survey was
to collate information to help maltsters and brewers managing
mycotoxins control.

A guestionnaire was sent to members of the Analysis Committee
of the European Brewery Convention (EBC) asking which myco-
toxinswererel evant to malting and brewing, which methodswere
used to analyse them and what were the detection limits of these
methods. Information wasgathered on theregul ationsand recom-
mendations relating to mycotoxins in the different countries.

The questionnaire was sent to all EBC Analysis Committee
members representing 19 countries. Answerswere received from
12 countries.

2 Results
2.1 Which aretherelevant mycotoxinsto be analysed?

According to the survey, thereis aconsensus among members of
the EBC Analysis Committeethat the most important mycotoxins
are the following: aflatoxins (AFB1, B2, G1, G2), ochratoxin A
(OTA), tricothecenes, zearalenone and fumonisins (B1, B2). Of
the tricothecenes, attention is paid mainly to deoxynivalenol
(DON or vomitoxin), nivalenol and T2-toxin. Some |aboratories
also focused on HT2 toxin, 3-Ac-DON, DAS, Fusarenon-X. One
laboratory aso included MAS, Neosolaniol and 15-Ac-DON in
therange of analyses. Other mycotoxinswere also mentioned but
only by afew members; these were patulin, sterigmatocystin and
cytochalasin E.

Citrinin, which can be produced by different species of Penicil-
lium (expansum, verrucosum) isindicated in the list of principal
mycotoxinsinthe Manual of Good Practice on Malting Technol-
ogy fromthe EBC but wasnot recorded inthissurvey (1). Itissaid
to occur together with OTA but is not thermo-stable and is
probably destroyed during mashing and boiling (1, 2).This could
explain the current lack of interest among brewers and maltsters.

Surveyswere published in the brewing world recently describing
the most important mycotoxins, the producing agents and the
toxicological effectsand giving guidelinesto avoid or reduce the
level of mycotoxinsin the barley beer chain (1, 3-6). Also, some
studies on the detected levelsin barley, malt and the fate of these
compoundsin the beer processwere published recently (1, 7-12).
More general surveys are also available (13, 14).

2.2 How to analysethem?
2.2.1 Sampling

The sampling method is critical. Contamination by mycotoxins
canoccurinthefield, during storageor during themalting process.
The production of mycotoxinsisnot homogeneous. For instance,
Ochratoxin A contamination often occursin “spots’ during stor-
age in silos. In conseguence, a poor sampling procedure of the
batch can missthehighly infected grains. Therefore, the European
Commission has recommended a procedure for a sampling ac-
cording tothesize of the batch. Thisincludes 10to 100 incremen-
tal samples up to atotal of 10 kilos that have to be milled before
analyses (15). All results obtained from samples not taken by this
method are generally underestimated (Dupire S., personal com-
muni cation).

2.2.2 Method validation

The methods used should be validated and respond to the criteria
for the selection of analysis methods for mycotoxins published in
1999 by the European Committee of Standardization (CEN).
Theseinclude repeatability, reproducibility and minimum recov-
ery levels(16). For instance, therecoveriesfor DON, zearalenone
and fumonisins should fall 70 to 110 %. The validation of a
method is often supported by international organisations such as
CEN, AOAC (Association of Official Analytical Chemists), SO
(International Organisation for Standardisation), IUPAC (Inter-
national Union of Pureand Applied Chemistry). The standardisa-
tion of amethod isoften required for commercial affairsandinthe
EC it is supervised by the CEN. When requesting a mycotoxin
analysis to be carried out by an external laboratory, it is very
important to ensure that this laboratory uses validated methods
and is officially accredited for this analysisin a defined matrix
(e.g. beer, malt, barley). The participation of the laboratories to
international network and proficiency testing is an additional
guarantee of the quality of their results (17).

2.2.3 Methods

There were two groups of methods reported in this survey;
chromatographic ones and immunologic ones. The chromato-
graphic methods measure the compound specifically after sample
extraction and extract clean-up followed by aseparation by gasor
liquid chromatography and aspecific detection. Theextract clean-
up by immunoaffinity (IA) column is more and more usual.
According to this survey, the official thin layer chromatography
(TLC) methods from the AOAC are almost not in use anymore.
The immunologic assays are based on the ELISA principle (En-
zymeLinked Immuno Sorbent Assay). Kitsto performthe ELISA
assaysareavailablefromdifferent suppliers(R-biopharme, Rhone
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Table 1 Detection limits reported for Aflatoxin Bl in
barley, malt or beer
Laboratory = Method Barley Malt Beer
ppb ppb ppb
1 IA+ HPLC-Flu 0,35 0,35 0,2
2 A+ HPLC-Flu 0,1
3 IA+ HPLC-Flu 0,35
4 IA+ HPLC-Flu 2
5 IA+ HPLC-Flu 0,1
6 A+ HPLC-Flu 0,5 05 0,05
7 ELISA 1,7 17

Table 2 Detection limits reported for Ochratoxin A in
barley, malt or beer
Laboratory Method Barley Malt Beer
ppb ppb ppb
1 TLC 10*
2 C18+HPLC-FLD 2
3 C18+HPLC-FLD 2
4 IA+HPLC-FLD 0,7 0,7 0,1
5 IA+HPLC-FLD 1
6 IA+HPLC-FLD 0,1
7 IA+HPLC-FLD 0,3 0,3 0,05
8 IA+HPLC-FLD 0,1 0,1
9 IA+HPLC-FLD 0,5 0,5 0,5
10 ELISA 1 1
* in whesat

Table 3 Detection limitsreported for FumonisinsB1 and B2in
barley, malt or beer

Laboratory Method Barley Malt Beer
ppb ppb  ppb

1 HPLC - FLD 100 100 100

2 IA+ HPLC -FLD 20 20 20

Table4 Detection limitsreported for DONin barley, malt

or beer

Laboratory Method Barley Malt Beer

ppb ppb  ppb

1 GC-ECD 25 25 25
2 GC-ECD 10
3 Myco-sep+ GC-ECD 20 20 10
4 Myco-sep+ GC-MS 30 30 10
5 GC-MS 5 5 5
6 GC-MS 5 5
7 ELISA 100 100

Diagnostix, International Diagnostic Systems Corp., Diffchamb,
Neogen, Tepnel, Tome Laboratories and EL | SA-technologies)
and these methods are often used for screening purposes and on
the field. Different versions exist that vary in the rapidity of the
procedure and the quantification of the results. A very important
step of validation isthe detection of matrix effects (18), and since
false positive can occur, positive results could require confirma-
tion by more expensive chromatographic methods. Some authors
have studied their correlation with the chromatographic methods
(19-24). Inthissurvey, the detection limitsreported by the ELISA
principle were aways higher than the chromatographic methods
(Tables1-4).

New promising methodsarein devel opment; forinstanceLC-M S/
M Sseemstobevery effectiveto achievevery low detectionlevels
inbeer (25). NIR, PCR, fluorescence pol arization assays, biosen-
sors and electronic nose technology are also currently under
investigation for the detection of microbiological quality and
mycotoxin potential in barley and malt (26-36).

2.2.4 Aflatoxins

Thereisto our knowledge very little evidence of the occurrence
of aflatoxinsin European cerealsbut aregulation existsinthe EC
and in some other countries (37). Therefore, the analysis of
aflatoxins has to be included in mycotoxins management.

After |A extract clean up, aflatoxins (B1, B2, G1, G2) were
reported to be measured in barley and mat by HPLC with
fluorescence detection after a post column halogenic derivatiza-
tion following the EN 12955 recommendations or the method
published by Strokaet al. (38, 39).

Detectionlimitsin barley and malt ranged from 0,1 to 0,5 ppb and
0,05 ppb in beer. An ELISA assay in barley and malt was also
reported with a detection limit of 1,7 ppb (table 1).

2.2.5 Ochratoxin A

Ochratoxin A ismainly produced by Penicilliumverrucosumand
several speciesof Aspergillus. Itisastoragemycotoxin, butit can
be produced during the malting process (1).

A regulationfor cereas(5 ppb) and malt (3 ppb) hasbeen adopted
in the European Community in 2002 (40). There is no European
Regulation for beer at this moment. A directive concerning the
sampling methods and the methods of analysisof ochratoxin A in
foodstuffs has bee published by the European Community (41).

For the quantification of ochratoxin A, onelab reported the use of
thin layer chromatography with a detection limit of 10 ppb in
wheat (42). Two labsreferred to an HPLC-FLD method for corn
and barley using a clean-up of the extract on a C18 column
published in 1992 and adopted in 1996 by AOAC (43, 44). The
other laboratories measured OTA by HPLC-FLD and a clean up
by IA. AOAC has recently adopted a method for OTA in barley
(45, 46).

The detection limits reported by HPL C ranged from 0,1 to 2 ppb
in barley and malt (Table 2). The highest detection limit was
reported for method using the clean-up on C18. The ELISA test
reported achieved 1 ppbinbarley and malt. In beer, figuresranged
from 0,05 to 0,5 ppb. A method following the one published
by Visconti et al. has been adopted recently by AOAC and
CEN (47-50).




49 August, 2004

Monatsschrift fiir Brauwissenschaft

2.2.6 Fumonisins

Fumonisins are mainly produced by Fusarium moniliforme in
maize, current focus is on fumonisins B1 and B2 and little is
known about the occurrence of fumonisins B3 and B4.

Only in-house methods using HPLC-FLD with or without 1A
clean-up have been reported. According to the detection limits
reported, the 1A clean-up alows to lower it from 100 ppb to
20 ppb (Table 3). Both types of methods have been adopted by
AOAC (51, 52). Anofficial ELISA assay for total fumonisinshas
been approved by AOAC but was not reported to be used in this
survey (53).

2.2.7 Tricothecenes

Tricothecenes are mycotoxins produced mainly in the field by
different species of Fusarium. They are subdivided in two main
groups, the tricothecenes type A (T2-toxin, HT2 toxin, DAS and
neosolaniol) that do not display a carbonyl group at C8 and the
tricothecenes type B (DON, nivalenol and others) displaying a
carbonyl group at C8.

For DON, Nivalenol and T2-toxin, two main types of method are
reported; both advise gas chromatography using either and elec-
tron capture detector (ECD) or aM S detector (54-57). A clean up
(Romer Myco-sep) is mentioned by two labs. For DON, both
techniques givethe samerange of detection limit from 5to 30 ppb
in barley and malt and from 5 to 25 ppb in beer (Table 4). For
nivalenol, thedetectionlimitsvary from5to 50 ppbinbeer, barley
and malt. Thisvariationishigher for T2 toxin (from 5to 100 ppb).
Theimmunologic test reported gave alimit of 100 ppb for DON.

For HT2-toxin, DAS, Fusarenon-X and Neosolaniol, only GC-
MSisused. Variationsfrom 5 to 40 ppb depending on the method
were the laboratories reported for barley and malt. In beer the
detection limits recorded range from 5 to 10 ppb.

2.2.8 Zearalenone

Zearalenoneisal so afield mycotoxin produced by someFusarium
species including F. culmorum, F. graminearum and F. crook-
wellense. These species are common on cereals and tend to
develop particularly during cool, wet growing and harvest sea-
sons. Zearalenoneis measured by HPL C-FL D, generally after 1A
preparation (59-62). Typical limitsof detectionrangefrom 1to 50
ppbinbarley andmaltand 1to5ppbinbeer (Table5). ELISA tests

Table 5 Detection limits reported for Zearalenone in barley,
malt or beer
Laboratory Method Barley  Malt Beer
ppb ppb ppb
1 HPLC-FLD 20
2 HPLC-FLD 4 4 4
3 |IA+ HPLC-FLD 1
4 |IA+ HPLC-FLD 5 5 5
5 |IA+ HPLC-FLD 15 15
6 |IA+ HPLC-FLD 10 10 1
7 ELISA 50 50

are also available with a reported detection limit of 50 ppb in
cereals. An official ELISA test has been adopted by AOAC in
1994 (63). Zearalenoneis converted largely to beta-zearalenol or
apha-zearalenol by brewing strains of Saccharomyces cerevisae
(58). No labs reported the determination of zearalenol.

2.2.9 Regulation

Regulations for mycotoxins are currently under study by the
European Commission. Consequently, the following data can be
subject to modifications in the future. Regulations already exist
for cereals and malt for aflatoxins and since 2002 for ochratoxin
A (Table 6) (40). A distinction was made between unprocessed
cereals (barley) and processed cereals for human consumption
(malt).

Other levels mentioned in this table are guidelines maximum
values in different countries received from the members of the
Analysis Committee. It rangesfrom 500 to 2000 ppb for DON, 50
t0 200 ppb for Zearalenone, 100 ppb for T2-toxin and 500 ppb for
the sum of the fumonisins (FB1+FB2). Preliminary European
proposals published by the Food Standard Agency and recom-
mended in Germany for DON, zearalenone and fumonisins are
similar tothelowest level sreported here (64-65). Working values
from the EU for unprocessed cereal s belong to the same range of
value too (66).

In Czech Republic, values for sterigmatocystin (20 ppb) and
patulin (100 ppb) were also received.

Thedatareported in thissurvey for beer werevery limited. There
are aso no official regulations in the European Union and no

Table 6 Recommended maximum levels of mycotoxins reported in this survey for malt, unprocessed cereals (between
brackets) and maize grits (only fumonisins) (in ppb)

Malt Total afla  AFB1 OTA DON T2 Zea  FB1+FB2 Patulin
(unprocessed (maize grits)

cereals)

EC 4* 2* 3(5)*  (1000)** (100)** 500**

France*** 4 2 3 500 100 50 500

Bulgaria*** 4 2 3 1000 100 200 1000

Finland*** 750

Czech Rep.*** 2000 100
Germany® 500 50 500

* official maximum levels for European Commission; ** working maximum levels for European Commission (65);
*** guidelines information received from EBC members
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maximum level for OTA has been established since the level in
beer is indirectly controlled by the malt regulation (to be pub-
lished). However, for OTA, avalue of maximum 0,2 ppb in beer
would be recommended in Bulgariaand in Italy ©7.

w

References

1. Malting Technology, Manual of Good Practice, European
Brewery Convention, Fachverlag Hans Carl, 2000, 149-155.

2. Gjertsen, P., Myken, F., Krogh, P. and Hald, B., Malting and
brewing experimentswith ochratoxin and citrinin, Proc. Con-
gr. Eur. Brew. Conv. 1973, 14, 373-380.

3. Scott, P.M., Mycotoxins transmitted into beer from contami-
nated grains during brewing, Journal of AOAC International,
1996, 79(4), 875-882.

4. Larondelle, Y., Malt, moulds and mycotoxins, X" Chair J. De
Clerck, Leuven, 2002.

5. Vandemeulebroucke, C., Mycotoxinsin Europe: current situ-
ationand futureimprovements, Cerevisiae: Belgian Journal of
Brewing and Biotechnology, 2000, 4, 19-26.

6. Vanne, L. and Haikara, A., Mycotoxinsinthetotal chainfrom
barley to beer, Proc. Eur. Brew. Conv., Budapest, 2001, 10 pp.

7. Schwarz, P.B., Casper, H.H. and Besttie, S., Fateand devel op-
ment of naturally occurring Fusarium mycotoxins during
malting and brewing, Journa of the American Society of
Brewing Chemists, 1995, 53, 121-127.

8. Scott, P.M. and Kanhere, S.R., Determination of ochratoxin A
in beer, Food Addit. Contam. 1995, 12, 591-598.

9. Scott, P.M., Kanhere, S.R., Lawrence, G.A., Daey, E.F. and
Farber, J.M., Fermentation of wort containing added ochra-
toxin A and fumonisins B1 and B2, Food Addit. Contam.
1995, 12(1), 31-40.

10. Baxter, E.D., The fate of ochratoxin A during malting and
brewing, Journal of the American Society of Brewing Chem-
ists, 2001, 59, 98-100.

11.Ruprich, J. & Ostry, V., Determination of the mycotoxin
deoxynivalenol in beer by commercial ELISA tests and esti-
mation of theexposuredosefrom beer for the popul ationinthe
Czech Republic, Central European Journal of Public Health,
1995, 3, 224-229.

12. Visconti, A., Michelangelo, P. and Centonze, G., Determina-
tion of ochratoxin A in domestic andimported beersinItaly by
immunoaffinity clean-up and liquid chromatography, Journal
of Chromatography, 2000, 888, 321-326.

13. Mycotoxins: Risks in Plant, Animal, and Human Systems,
R139. www.cast-science.org, January 2003, 199 pp.

14. WHO/IPCS Safety evaluation of certain mycotoxinsin food,
WHO Food Additives Series, 2001, 47, 419-555.

15. COMMISSION DIRECTIVE 2002/26/EC of 13 March 2002
laying down the sampling methods and the methods of analy-
sis for the official control of the levels of ochratoxin A in
foodstuffs.

16. Food analysis - Biotoxins - Criteria of analytical methods for
mycotoxins, CEN working group “Biotoxins’ CR 13505,
Food Analysis, Biotoxins,1st edition, 1999, 30 pp.

17. Thompson, M. and Wood, R., International harmonized pro-
tocol for proficiency testing of (chemical) analytical laborato-
ries, Journal of AOAC International, 1993, 76(4), 926-940.

18.Barna-Vetro, |., Salti, L., Téren, J., Gydngydsi, A., Szabo, E.
and Waolfing A., Sensitive EL I SA test for the determination of
ochratoxin A., J. Agric. Food Chem., 1996, 44, 4071-4074.

19. Beaver, RW., James, M.A. and Lin, T.Y., Comparison of an
EL | SA-based screening test with liquid chromatography fort
he determination of aflatoxins in corn, J. Assoc. Off. Anal.
Chem., 1991, 74(5) 827-829.

20.Weddeling, K., Bassler, H.M.S., Doerk, H. and Baron, G.,
Orientational experiments on the applicability of enzymic
immunological methods for the detection of deoxynivalenal,
ochratoxin A and zearalenone in brewing barley, malt and
beer, Monatsschr. Brauwiss., 1994, 47(3), 94-98.

21. Dreher, R.M. and Usleber, E., Comparison study of afumon-
isin enzymeimmunoassay and high-performanceliquid chro-
matography, in “Immunoassays for residue anaysis. food
safety”, proceedings of a symposium, Anaheim, April 1995.
Beler, R.C. & Stanker, L.H. (Eds.), Washington D.C., ACS,
1996, 341-348.

22.Bosch, H., Tessin, N., Bellmer, H.-G. and Bassler, H.M.S,,
Evaluation of the suitability of ENZYME LINKED IMMU-
NOSORBENT ASSAY S(ELISAS) for mycotoxin analysisin
the brewing industry, Monatsschr. Brauwiss., 1994, 47(6),
196-202.

23.Krska, R. and Josephs, R. Fresenius, The state-of-the-artinthe
analysis of estrogenic mycotoxinsin cereals, J. Anal. Chem.,
2001, 369(6), 469-476.

24.Krska, R., Baumgartner, S. and Josephs, R. Fresenius, The
state-of-the-art in the analysis of type-A and type-B trico-
thecene mycotoxinsin cereals, J. Anal. Chem., 2001, 371(3),
285-299.

25. Pellaud, J., Libon, M., Cipers, T., Mélotte, L. and Dupire, S.,
Use of LC-MS/M S to detect mycotoxins traces in beer, Proc.
Eur. Brew. Conv., Dublin, 2003.

26.Van der Gaag, B., Stigter, E., Spath, S., van Veen, S. and
Schans, M., Development of abiosensor allowingreliableand
fast detection of mycotoxins, Proc. Eur. Brew. Conv., Buda-
pest, 2001, 7 pp.

27.0lsson, J,, Borjesson, T., Lundstedt, T. and Schnurer, J.,
Volatiles for mycologica quality grading of barley grains:
determinations using gas chromatography-mass spectrometry
and electronic nose, Int. J. Food Microbiol., 2000, 59(3), 167-
178.

28.0lsson, J., Borjesson, T., Lundstedt, T. and Schnurer, J.,
Detection and quantification of ochratoxin A and deoxyniva-
lenol in barley grains by GC-MS and electronic nose, Int. J.
Food Microbiol., 2002, 72(3), 203-214.

29. Mulfinger, S., Niessen, L. andVogel, R.F., A rapidandsimple
extraction method for Fusarium DANN from infected wheat
and barley malt, Proc. Eur. Brew. Conv., Cannes, 1999, 567-
574.

30. Niessen, L., Mulfinger, S. and Vogel, R.F., Molecular biolog-
ical detection of Fusarium asatool for quality assuranceinthe
brewery, Proc. Eur. Brew. Conv., Cannes, 1999, 541-550.

31. Mulfinger, S., Niessen, L. and Vogel, R.F., PCR based quality
control of toxigenic Fusarium spp in brewing malt using
ultrasonication for rapid sample preparation, Adv. Food Sci.,
2000, 22(1/2), 38-46.

32.Voetz, M., Development of specific DNA markersfor charac-
terization and quantification of ochratoxin forming mould
fungi, Brau. Forum, 2002, 17(1), 7-9.




51 August, 2004

Monatsschrift fiir Brauwissenschaft

33.Maragos, C.M., Novel assays and sensor platforms for the
detection of aflatoxins, Adv. Exp. Med. Bial., 2002, 504, 85-
93.

34.Nasir, M.S. and Jolley, M.E., Development of afluorescence
polarization assay for thedetermination of aflatoxinsingrains,
J. Agric. Food Chem., 22 May 2002, 50(11), 3116-3121.

35.Maragos, C.M., Jolley, M.E., Plattner, R.D. and Nasir, M.S,,
Fluorescence polarization as a means for determination of
fumonisinsin maize, J. Agric. Food Chem., 2001, 49(2), 596-
602.

36. Dowell, F.E., Ram, M.S,, Seitz, L.M., Predicting scab, vomi-
toxin, and ergosterol in single wheat kernels using near-
infrared spectroscopy, Cereal Chemistry, 1999, 76 (4), 573-
576.

37.Commission regulation EC (466/2001) of 8 March 2001
setting maximum level for certain contaminantsin foodstuffs,
Officia Journal of the European Communities.

38. EN 12955: Foodstuffs. Determination of aflatoxin B1, and the
sumof aflatoxinsB1, B2, G1land G2incereals, shell-fruitsand
derived products. High performance liquid chromatographic
method with post column derivatization and immunoaffinity
column clean up, 1999.

39. Stroka, J., Anklam, E., Jorissen, U. and Gilbert, J., Immunoaf-
finity column cleanup with liquid chromatography using post-
column bromination for determination of aflatoxinsin peanut
butter, pistachio paste, fig paste, and paprika powder: collab-
orative study, JAOAC Int., 2000, 83(2), 320-340.

40. Commission Regulation EC 472/2002 of the 12 March
2002 amending regulation (EC) N° 466/2001 setting maxi-
mum levels for certain contaminants in foodstuffs, Official
Journal of the European Communities, 2002.

41. AOAC International, Official methods of analysis of AOAC
International, ed. P. Cunniff. Sixteenth Edition, Arlington,
Virginia, United States, 1995, Vol Il Chapter 49, p. 1-49.

42.Kjell Larsson and Tord MolleridJ, Liquid chromatographic
determination of ochratoxin A in barley, wheat bran, and rye
by the AOAC/IUPAC/NMKL Method: NMKL Collaborative
Study, AOAC Int 1996, 79, 1102-1106.

43. AOAC Officiad Method 991.44 Ochratoxin A in corn and
barley, AOAC International 2002.

44, AOAC Official Method 2000.03, Ochratoxin A in barley,
AOAC International 2002.

45. Entwisle, A.C., Williams, A.C., Mann, P.J,, Slack, P.T. &
Gilbert, J., Liquid chromatographic method with immunoaf-
finity column cleanup for determination of ochratoxin A in
barley: collaborative study, Journal of AOAC International,
2000, 83, 1377-1383.

46.Visconti A., Pascale M. and Centonze G., Determination of
ochratoxin A in wine and beer by immunoaffinity column
cleanup and liquid chromatographic analysis with fluoromet-
ric detection: Collaborative Study, J. AOAC Int., 2001, 84 (6)
1818-1827.

47. AOAC Officia method 2001.01 Determination of ochratoxin
A inwine and beer, AOAC International 2002.

48.Visconti, A., Pascale M., Centonze G., Determination of
ochratoxin A in domestic and imported beers in Italy by
immunoaffinity clean-up and liquid chromatography, Journal
of Chromatography A, 2000, 888, 321-326.

49. CEN method prEN 14133.

50. Commission Directive 2002/26/EC of 13 March 2002 laying
downthesampling methodsand themethodsof analysisfor the
official control of the levels of ochratoxin A in foodstuffs.

51. AOAC Official Method 995.15, FumonisinsB1, B2, and B3in
corn, AOAC Internationa 2002.

52.A0AC Official Method 2001.04, Determination of fumoni-
sins B1 and B2 in corn and corn flakes, AOAC International
2002.

53. AOAC Official Method 2001.06, Determination of total fu-
monisinsin corn, competitive direct enzyme-linked immuno-
sorbent assay, AOAC International 2002.

54.DON: JAOAC 69, 899 (1986) Ware, G.M., Francis, O.J.,
Carman, A.S. and Kuan, S.S., Gas chromatographic determi-
nation of deoxynivalenol inwheat with el ectron capture detec-
tion: collaborative study, J. AOAC, 1986, 69, 899-901.

55. AOAC Official Method 986.18 Deoxynivalenol in wheat, gas
chromatographic method, AOAC International 2002.

56.Patdl, S., Hazel, C.M., Winterton, A.G.M. and Gleadle, A.E.,
Surveillance of fumonisins in UK maize-based foods and
other cereals, Food Additives and Contaminants 1997,
14(2):187-191.

57.Radova, Z., Holadova, K. and HgjSlova, J., Comparison of two
clean-up principles for determination of trichothecenes in
grain extract, J. Chrom., 1998, 829, 259-267.

58. Moller, T.E., Gustavsson, H.F., Determination of zearalenone
and its metabolites a- and (3-zearalenol in beer samples by
high-performanceliquid chromatography-tandem mass spec-
trometry, J. AOAC Int., 1992, 75(6), 1049-1053.

59.Berner D., Lindner, W., Zollner, P. and Jodl bauer, J., Determi-
nation of zearalenone and its metabolites a- and (3-zearalenol
in beer samplesby high-performanceliquid chromatography—
tandem mass spectrometry, Journal of Chromatography B:
Biomedical Sciencesand Applications, 2000, 738, 2, 233-241.

60. Visconti A. and Pascale M., Determination of zearalenonein
corn by meansof immunoaffinity clean-up and high-perform-
anceliquidchromatography withfluorescencedetection, Jour-
nal of Chromatography, 1998, 815, 133-140.

61. Tanaka, T., Hasegawa, A., MatsukiUng-Soo Lee, Y. and
Ueno, Y., Rapid and sensitive determination of zearalenonein
cereal s by high-performance liquid chromatography with flu-
orescence detection, Journal of Chromatography, 1985, 328,
271-278.

62. AOAC Officia Method 985.18, apha-Zearaenol and zea-
ralenone in corn, liquid chromatographic method, AOAC
International 2002.

63. AOAC Officia Method 994.01, Zearalenone in corn, whezat,
andfeed, enzyme-linkedimmunosorbent (Agri-Screen) M eth-
od, AOAC International 2002.

64. Verordnung zur Anderung der Mykotoxin-Hochstmengen-
verordnung und der Diétverordnung, Bundesgesetzblatt Jahr-
gang 2004 Teil I Nr. 5, 151-152, ausgegeben zu Bonn am 12.
Februar 2004.

65. Preliminary proposals: Food Standard Agency 29/1/2003MPC
04/43, References MPC 04/43, 18/11/02.

66. Working Document, Updated Consultation Paper on Fusari-
umToxins, Provisionsunder discussion, rev 2, SANCO/0006/
2004, Fusarium Forum, March 10th 2004.

67. Ministero della Sanita, Circolare N°10, Rome, 9 June 1999.
#




