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Fumonisins are mycotoxins produced by fungi of 
the genus Fusarium. The only species producing 
significant quantities of fumonisins are Fusarium 
verticillioides (moniliforme) and Fusarium proli- 
feratum as published by STROKA et al. (2002). There 
are four structurally related mycotoxins produced 
by Fusarium species, fumonisins B1, B2, B3 and B4. 
Little is known about the natural occurrence of 
fumonisin B4. Fumonisin B4 was identified in 23 of 
44 mouldy maize samples in the Republic of Korea 
at concentrations significantly lower than those 
of other three fumonisins (SEO & LEE 1999). In 
many studies, significant amounts were detected 
of other three fumonisins in decreasing concen-
trations in the order – fumonisin B1, B2, and B3. 
These were found, in various commodities, not 
only in maize (SCOTT & LAWRENCE 1995; SMITH 

& THAKUR 1996; SIAME et al. 1998; DA SILVA et al. 
2000). A comprehensive study of the occurrence 
of fumonisins in Europe was published recently 
(Report on Tasks for Scientific Cooperation 2003). 
Studies on fumonisins health impact were pub-
lished by JECFA (FAO Food and Nutrition Paper 
74 2001). 

Analytical procedures applied for the fumoni-
sins determination reached the detection limit of 
50 µg per kg or below, and the recovery was bet-
ter than 70% (FAO Food and Nutrition Paper 74, 
2001). Fumonisins are derivatised with mixture of 
o-phthaldialdehyde (OPA) and 2-mercapthoethanol 
(MCE) before the separation by high performace 
liquid chromatography (VISCONTI et al. 2001a). 
In this case, immunoaffinity clean-up step was 
used (VISCONTI et al. 2001a). The application of 
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immunoaffinity cleaning in the sample preparation 
process is given an increasing interest (SCOTT & 
LAWRENCE 1995; TRUCKSESS et al. 1995; VIS-
CONTI et al. 2001a; PAPADOPOULOU-BOURAOUI 
et al. 2002). Results were published applying only 
o-phthaldiadehyde for fumonisins derivatisation 
(VISCONTI et al. 2001b), the procedure was col-
laboratively studied. The matrix was corn and corn 
flakes spiked at the levels ranging from 0.05 mg/kg 
up to 1.05 mg/kg with fumonisin B1, and from 
0.05 mg/kg up to 0.46 mg/kg with fumonisin B2, 
respectively. From the point of view of the detec-
tion level, the results are comparable to those 
received when the derivatisation mixture of OPA 
and MCE was used (SOLFRIZZO et al. 2001). An 
alternative based on the flow-injection liposome 
immunoanalysis procedure was also suggested 
(HO & DURST 2003). In this case, the immunoaf-
finity clean-up step was substituted with a clean-
ing step based on ion interactions. Strong anion 
exchanger resin was applied. The detection level 
was 0.1 ng/kg with maize (HO & DURST 2003). 
Another suitable tool for fumonisins analysis is 
enzyme-linked immunosorbent assay (ELISA) 
(SCOTT et al. 1997). ELISA is very useful in the 
case when high amounts of samples have to be 
tested. Another suitable tool for fumonisins de-
termination is thin layer chromatography (TLC) 
providing results at levels of 0.1 mg/kg (PREIS 
& VARGAS 2000) or of 0.5 mg/kg (SHEPHARD & 
SEWRAM 2004). 

To improve the detection and the determination 
limits of fumonisins analysis, other derivatisation 
agents were tested (SCOTT & LAWRENCE 1992; 
BENNETT & RICHARD 1994; STROKA et al. 2002). 
No real improvement was reached. 

Another commodity suspicious of the contami-
nation with fumonisins is beer. In this case, the 
separation of derivatised molecules of fumonisins 
is not as perfect as in the case of corn matrix 
(SCOTT & LAWRENCE 1995; HLYWKA & BULLER-
MAN 1999). Either some residual interference 
influences the base line drift or the separation of 
the derivatised molecules of fumonisins is not at 
the base line level. 

In the submitted paper, the application is dem-
onstrated of the immunoaffinity cleaning step in 
the sample preparation for fumonisins B1 and B2 
determination in beer samples. The influence of 
the mobile phase pH value on the separation of 
both fumonisins was studied. The main attention 
was paid to the elimination of any possible inter-

ference. The method was used to determine the 
contents of both fumonisins in the beer produced 
in Slovakia. Samples were taken from each domestic 
brewery and analysed. For the beer production, 
barley grown in 2003 was used. The results ob-
tained are reported.

MATERIALS AND METHODS

Standards and chemicals. All chemicals were of 
analytical or HPLC purity grades. Fumonisin B1 (FB1) 
and Fumonisin B2 (FB2) from Sigma-Aldrich (Loui-
siana, USA) were used as the reference materials. 
Acetonitril Chromasolv and methanol Chromasolv 
were obtained from Sigma-Aldrich Laborchemi-
kalien GmbH (Seelze, Germany). Potassium and 
sodium chlorides, potassium dihydrogen phosphate, 
disodium tetraborate, and o-phosphoric acid (min. 
85%) were purchased from Lachema (Brno, Czech 
Republic). Other chemicals – disodium hydrogen 
phosphate and the reagents for derivatisation – or-
tho-phthadialdehyde and 2-mercaptoethanol – were 
obtained from Merck (Darmstadt, Germany). Hy-
drochloric acid (min. 35%) was delivered by ITES 
(Vranov n. T., Slovakia), glacial acetic acid (99.5%) 
from AFT (Bratislava, Slovakia). Immunoaffinity 
columns Fumoniprep for ther clean-up were re-
ceived from R-Biopharm (Scotland).

Procedures. Stock standard solution FB1 was 
prepared at the concentration of 1.257 mg/ml 
and stored at –18°C in the mixture of acetonitril:
water, 1:1 (v/v). The working standard solution 
was prepared by dilution of the stock standard 
solution to the level of 31.4 µg/ml. The working 
standard was stored at 4°C. Stock standard solu-
tion of FB2 was also diluted with the same solvent 
as FB1 to the concentration of 0.252 mg/ml. The 
working standard was prepared at the level of 
6.3 µg/ml. The storing conditions applied were 
the same as for FB1. 

Phosphorus buffer saline (PBS) was prepared 
from 8.0 g sodium chloride, 1.2 g disodium hy-
drogen phosphate, 0.2 g potassium dihydrogen 
phosphate, and 0.2 g potassium chloride. All these 
chemicals were dissolved in 990 ml of water (HPLC 
purity grade). Afterwards, the pH value was ad-
justed to 7.4 with hydrochloric acid and the total 
volume was made up to 1000 ml. 

Samples. Beer samples were degassed in an ul-
trasonic bath and filtered. 15 ml of the beer was 
mixed with 15 ml of PBS. This diluted beer was 
ready for cleaning on immunoaffinity column.
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Immunoaffinity cleaning. Fumoniprep immu-
noaffinity columns stored at 4°C were allowed 
to warm up to the laboratory temperature. It is 
recommended to keep immunoaffinity columns at 
laboratory temperature at least 6 h, otherwise the 
results are not reproducible. The best solution was 
to keep the immunoaffinity columns at laboratory 
temperature overnight before use. Immediately 
before the application, chemical conditioning was 
done. Conditioning was performed with 10 ml of 
PBS. Afterwards, the diluted sample was passed 
through the column under gravity (the support 
with the use of vacuum was not necessary). The 
interfering substances were washed with 10 ml of 
PBS. The column was then dried with air. Fumoni-
sins were eluted with 3 ml of methanol. The eluate 
was evaporated on a vacuum rotary evaporator 
to the residual volume of ca. 0.5 ml. Drying was 
done with a milo stream of nitrogen. The residue 
was dissolved in 250 µl of the acetonitril:water, 1:1 
(v/v) mixture and prepared for analysis. 

Derivatisation. The derivatisation mixture was 
prepared from 40 mg o-phthaldialdehyde dissolved 
in 0.5 ml of methanol and diluted with 2.5 ml of 
0.1 mol/l disodium tetraborate (3.8 g Na2B4O7 × 
10 H2O dissolved in 100 ml water). Afterwards, 
50 µl of 2-mercaptoethanol was added and the 
mixture was thoroughly mixed. The mixture had 
to be stored in an amber glass vial at 4°C and 
could be used for 7 days. Then a new mixture had 
to be prepared. 

Derivatisation was carried out with an autosam-
pler. 20 µl of the prepared sample was diluted 
with 20 µl of the derivatisation mixture, mixed 
for 30 s, and after 3 min injected on the separa-
tion column. 

Equipment and HPLC analysis conditions. 
Agilent Technologies 1100 Series (Halbron, Ger-
many) with fluorescence detector, the wavelength 
settings excitation 335 nm and emission 460 nm, 
was used for the derivatised fumonisins molecules 
determination. The separation column was Zorbax 
SB-C18, 4.6 × 250 mm i.d. with particle size of the 
sorbent 5 µm, and the precolumn was Zorbax SB-C18,  
12.5 × 4.6 mm i.d. with the same particle size Agi-
lent Technologies (Halbron, Germany). Various 
mobile phases were tested. Isocratic separation 
was performed with the mobile phase prepared 
from a mixture of methanol:phosphate buffer 
(sodium dihydrogenphosphate 15.6 g dissolved 
in 1 l water, pH adjusted to 3.35 with 1 mol/l  
o-phosphoric acid) as applied in corn analysis 
(VISCONTI et al. 2001a). As satisfactory results 
were not obtained, gradient elution was also tested. 
In this case, phosphate buffer was substituted 
with glacial acetic acid solution and acetonitril 
was added. Various concentrations of acetic acid 
in water were evaluated. The best gradient sepa-
ration programme was as follow: A – methanol; 
B – acetonitril; C – acidified water.
Time 0 min:  A – 61%, B – 5%, C – 34%
Time 0–27 min:  A – 61%, B – 5%, C – 34%
Time 27–30 min:  A – 72%, B – 5%, C – 23%
Time 30–42 min:  A – 72%, B – 5%, C – 23%

Equilibration time between each run was 10 min. 

RESULTS AND DISCUSSION

Immunoaffinity columns were used for the sample 
preparation. The procedure described above was 
followed. It was in accordance with the produc-
er’s general recommendations. The flow of beer 
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Figure 1. Chromatogram of iso- 
cratic separation with phos-
phate buffer at pH value 3.5.
Fumonisin FB1 standard
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samples was sufficient so that the support with 
vacuum was not necessary. 

For the separation of the derivatised molecules, 
the same composition of the mobile phase was 
applied in the first step as was suggested by VIS-
CONTI et al. (2001b) in a collaborative study. There 
was a difference in the derivatisation procedure, 
OPA only was applied (VISCONTI et al. 2001b). In 
this study, a mixture of derivatisation agents was 
used. Isocratic separation with phosphate buffer 
at pH value 3.5 was not suitable. The presence 
was suspected of interference from the sample 
in the retention times of FB1 and FB2. A shoulder 
was observed on the FB1 peak (Figure 1). That 
is why the composition of the mobile phase had 
to be changed. Acetic acid instead of phosphate 
buffer was used. Various concentrations of acetic 
acid were tested. Mixtures of acetic acid in water 
with pH values: 2.9, 2.7 and 2.6 were prepared. 
The mixture with pH value of 3.5 was not tested 
because of the bad results obtained in the case of 
phosphate buffer. The elution of both fumonisins 
was strongly pH dependent. At pH values above 
2.6, an evident peak splitting occurred (Figure 2) 
with both fumonisins. The explanation of this 
phenomenon has roots in the molecular structure 
of the separated molecules – derivatised fumoni-
sins. The molecules of fumonisins contain four 
carboxylic acid groups (Figure 3). One possibility 
for the explanation of the peak splitting at higher 
pH values can be the different dissociation of these 
carboxylic acid groups resulting in the two peaks 
observed. This different dissociation can be sup-
pressed by decreasing the pH value. At pH 2.6 or 
less no peak splitting was observed (Figure 2).

The peak area of the first peak of the FB1 twins 
was 910 mAus–1, the second one was 1403 mAus–1 
(Figure 2). The area of FB1 peak found at pH 2.6 
was 915 mAus–1. The comparison of these results 
indicates that at pH 2.6 only one form of the deri-
vatised FB1 survives while the second derivatised 
complex is broken – with no fluorescence observed. 
This idea is also supported by the observed be-
haviour of FB2. In this case, FB2 twins revealed the 
area of the first peak 162 mAus–1 and of the second 
peak 800 mAus–1. The peak area of FB2 obtained 
at pH 2.6 was 720 mAus–1. A direct comparison 
of the retention times was not possible because 
of their changes due to the different pH values 
of the mobile phase. Proper explanation of this 
phenomenon requires additional studies. 

The separation procedure based on gradient elu-
tion was adopted. Acidified water containing 7% 
(vol.) of glacial acetic acid as constituent C of the 
mobile phase was used (the gradient is described 
in Experimental part). With this mobile phase no 
interference was scanned in the retention time 
of both fumonisins. A satisfactory base line was 

Figure 2. Chromatograms 
of split peaks at pH 2.9 
(solid line) and non split 
peak at pH 2.6 (dashed 
line) in standard solution 
of FB1 and FB2
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Figure 3. Chemical structure of FB1 & FB2

FB1 = R1 – OH; R2 – OH; FB2 = R1 – OH; R2 – H
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easily received under these conditions. A negative 
consequence of the good separation of the deriva-
tised molecules of fumonisins is a relatively long 
time of the separation run (Figure 4).

Based on the acceptable separation conditions 
of the procedure suggested a partial single labo-
ratory validation was performed. Various beer 
samples were tested. No sample was identified 
with natural fumonisins contamination. That is 

why spiked beer samples at suitable concentra-
tions had to be used. Based on the literature data 
(SCOTT & LAWRENCE 1995), the selected spiked 
levels were around 4 µg/l and 10 µg/l (Table 1.) 
Minor differences exist between fumonisin B1 
and fumonisin B2. The recovery factors are 0.94 
for FB1 and 0.79 for FB2, respectively. This is also 
acceptable for the trace analysis. In the calcula-
tion of the combined extended uncertainty, the 

Figure 4. Chromatogram of 
beer spiked with FB1 and FB2 
at level 4 µg/l (dashed line) and 
non spiked beer (solid line)
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Table 1. Selected validation characteristics in spiked beer (µg/l))

No.
I. Spiked 

level  
FB1 and FB2

Measured concentration II. Spiked 
level  

FB1 and FB2

Measured concentration

FB1 FB2 FB1 FB2

1 4.08 3.90 3.00 10.34 9.65 9.31

2 4.08 3.85 3.0 10.34 9.40 9.29

3 4.08 4.11 3.46 10.34 9.45 9.32

4 4.08 4.07 3.58 10.34 9.58 9.16

5 4.08 3.53 3.46 10.34 9.62 9.12

6 4.08 3.48 3.21 10.34 11.44 10.65

7 4.08 3.79 3.14 10.34 10.67 10.87

8 4.08 4.07 3.26 10.34 10.59 10.18

9 4.08 3.79 2.98 10.34  9.20 8.96

10 4.08 4.07 3.02 10.34 9.25 9.37

Average value (µg/l) 3.82 3.21 _ 9.88 9.62

Recovery (%) 93.8 78.9 _ 95.6 93.0
Combined extended 
uncertainty (%) 11.4 9.5 _ 7.2 5.6

Limit of detection (µg/l) 0.72 0.66

Limit of determination (µg/l) 2.4 2.2
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increments derived from weighing, the diluting 
of standards, and sample dilution contributing 
into B increment of the combined extended un-
certainty were taken into account. The value of 
the expansion factor k was 2. The resulting values 
of the extended combined uncertainty for FB1 and 
FB2 were 11.4% and 9.5%, respectively. 

The content of fumonisins in beers produced 
by Slovak breweries was determined. More than 
20 samples were analysed. In a close cooperation 
with the State Veterinary and Food Administration, 
samples were received produced from barley that 
was grown in 2003. No traces were observed of 
fumonisins in the beer samples analysed. The limit 
of detection of the method applied is 0.7 µg/l. 

CONCLUSION 

The procedure suggested is suitable for the de-
termination of fumonisins B1 and B2 in beer sam-
ples. The detection level was 0.7 µg/l with both 
fumonisins. Acceptable recovery values 93% for 
fumonisin B1 and 78% for fumonisin FB2 were 
obtained. A suitable separation of the possible 
interfering material was achieved if the pH value of 
the eluent was 2.6 or less. Glacial acetic acid was a 
better constituent of the mobile phase than phos-
phate buffer to meet this goal. A good separation 
of both fumonisins without any interference was 
evident. The application of an appropriate con-
centration of acetic acid resulting in the pH value 
of the eluent given is important for the possible 
elimination of the peak splitting. The perform-
ance of the analytical method was demonstrated 
on the analysis of beers of the Slovak production. 
In none of them the concentration higher than 
0.7 µg/l was detected. 
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