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ABSTRACT

A survey was conducted to evaluate fumonisin B, (FB,) contamination in cereals and feeds of
southern Brazil. A total of 407 samples was obtained from different local warehouses and feed
industries between January 1996 and June 1998. Extraction of FB, was performed with acetonitrile-
water (50+50, v/v) and cleanup with end-capped C silica columns; the extracted mycotoxin was
resolved by liquid chromatography with o-phthaldialdehyde and 2-mercaptoethanol derivatization,
and identified by fluorescence. Positive results were found in 32.2% of the samples assayed. FB,
concentrations varied from 0.086 to 78.92 ug/g, and the highest levels recorded were: 14.21 ug/g
in rice; 68.33 pg/g in feed; 78.92 pg/g in corn; 24.35 ug/g in wheat; 0.17 ug/g in oat; and 2.43 ug/
ginbarley. No detectable levels of this mycotoxin were found in soybean meal samples. The results
demonstrate that cereals harvested in southern Brazil were contaminated with FB,. Considering that
these products are consumed in large amounts either directly or as components of foods and feeds,
the levels of contamination reported herein indicate a potential threat to animal and public health.
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RESUMO

NIVEIS DE FUMONISINA B, EM CEREAISE ALIMENTOS DO SUL DO BRASIL. Avaliou-sea
ocorréncia de fumonisina B, em cereais e ra¢des do sul do Brasil. Foram analisadas 407 amostras
provenientes de diferentes granjas e inddstrias agropecudrias, coletadas entre 0os meses de janeiro
de 1996 e junho de 1998. A extracdo da fumonisina foi realizada com acetonitrila-4gua (50+50, v/
v)eclarificagdo com colunasdesilicaC ;encapada. A fumonisinafoi submetidaaderivatizagédo com
o-ftaldialdeido e 2-mercaptoetanol e quantificada por cromatografia liquida com detec¢do por
fluorescéncia. Das amostras analisadas, 32% apresentaram positividade. As concentragdes foram
de 0,086 até 78,92 mg/g. As maiores concentragdes foram: arroz, 14,21 ug/g; ragdes, 68,33 ug/g;
milho, 78,92 ug/g; trigo, 24,35 ug/g; aveia, 0,17 ug/g e cevada, 2,43 pg/g. Nao se detectou presenca
de fumonisina em farelo de soja. Os resultados obtidos indicam a ocorréncia da fumonisina B, em
alimentos colhidos no sul doBrasil. Considerando que os cereais e ragdes analisadas sdo amplamente
empregados na composi¢do da dieta alimentar, os niveis de contaminacao detectados no presente
trabalho representam uma ameca a saide humana e animal.

PALAVRAS-CHAVE: Fumonisina, micotoxina, cereais, alimentos.

INTRODUCTION et al., 1999; Dias et al., 1999; Orsi et al., 2000). The

contamination of foods and feeds usually reflectsthe

Fumonisinsbelongtoalarge group of mycotoxins
produced by fungi of the genera Fusarium (Rossetal.,
1990; NELson, 1991; THiEL et al., 1992) and Alternaria
(CHenetal., 1992) butespecially by Fusarium moniliforme
(VisconTl & Doko, 1994; Musser & PLATTNER, 1997).
These species are natural contaminants of cereals
worldwide and are mostly found in corn and its
derived products (SHerHARD et al., 1996). The
occurrence of fumonisin B, (FB,) in Brazilian feeds
was demonstrated by several investigations
(SypenHametal., 1992; Hirookaetal., 1996; MALLMANN

incidence of fungal infection on the original crops,
which is affected by factors such as origin, drought-
stress, and insectdamage (Lewetal., 1991; MeireLEs et
al., 1994). Several naturally occurring fumonisins are
known. FB, is always the most abundant and toxic
metabolite of this group of mycotoxins, representing
ca. 70% of the total concentration in naturally
contaminated foods and feeds, followed by fumonisins
B,and B, (MureHyetal., 1993; NorreD, 1993; PiNeIro et
al., 1997). FB, acts by inhibiting the enzyme N-
acyltransferase and leads to a reduced production of
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sphingolipids (ScHroeperetal., 1994). FB, isknown to
be toxic to domestic animals and to induce
leukoencephalomalacia in horses (KeLLermaN et al.,
1990) and porcine pulmonary edema (OsweiLEr et al.,
1992). Liver hyperplastic nodules and lesions in the
distal esophageal mucosa of weaning pigs fed with
fumonisins have also been reported (CasteeL et al.,
1993). Body weight and average daily weight gain
decreased inchicksin parallelwithincreasing dietary
FB,, whereas liver, proventriculus and gizzard
weightsincreased (Lebouxetal., 1992). Additionally,
the occurrence of FB, has been statistically associated
with a high incidence of human esophageal cancer
(Rueeper et al., 1992). On the basis of available
toxicological evidence, the International Agency for
Research on Cancer (IARC) has declared Fusarium
moniliforme toxins as possibly carcinogenic (class 2B
carcinogen) to humans (IARC, 1993). The natural
occurrence of FB, incerealsand corn based-foodsand
feeds from southern Brazil had not been studied to
date, sothe presentsurveywasconducted inorder to
evaluate FB, contamination of cornand otherscereals
fromthatregion.

Safety note: Fumonisin B, is declared a possibly
carcinogenicforhumanbythe IARC (1993). Therefore,
should be handled with care.

MATERIALSAND METHODS

Sample collection: A total of 407 samples of corn
and other cereals were obtained from different
warehousesinsouthernBrazil between January 1996
and June 1998. Wheat and rice were destined for
human consumptionandthe other productsfor feeding
of poultry, swine and horses. Samples of
approximately 1 kgwerecollected, being 14 of barley,
267 of unprocessed cornkernels, 8 of oat, 13 of wheat,
92 of corn-based ration, 5 of rice, and 8 of soy meal. All
samplesweregroundto0.2mmflourandindividually
stored at —18°C prior to analysis.

Extraction and clean-up: The method wasadapted
fromapreviously described procedure (Binkerbetal.,
1993). First, each sample was thoroughly mixed. A
10g sub-sample obtained for final analysis was then
mixed with 50 mL acetonitrile-water (50+50, v/Vv) for
five minutes in a blender and the suspension was
filtered through aWhatman filter paperinaBuchner
funnel. Next, a 2 mL aliquot of the filtered extract
containing 0.4 g of sample was diluted in 6 mL of
water and applied to a solid-phase extraction (3 mL)
end-capped C silica (500 mg) column previously
conditioned with 3 mL of acetonitrile and 3 mL of
water. The column was washed with 2 mL of water

and FB, was then eluted with 2 mL of acetonitrile-
water (70+30, v/v). Washing and elution were
accomplished by gravity flow. The eluateswere dried
at60°C and keptinafreezer,attemperatures below—
18°C. Prior to derivatization, the eluates were
redissolved in 200 ml acetonitrile-water (50+50, v/V)
for liquid chromatography analysis.

HPLC Analysis: The purified extract wasanalysed
by high performance liquid chromatography (HPLC)
as described (Stack & EppLEY, 1992; BiNKERD et al.,
1993), with some modifications. One hundred
microliters of extract residues were mixed with 100 pL
of borate buffer (0.1 M pH 8-9), after which 100 pL of
OPA reagent (30 mg of o-phthaldialdehyde dissolved
in 9.5 mL of acetonitrile containing 0.5 mL of 2-
mercaptoethanol) were added and allowed to react
for 10 minutes. Two hundred microliters of 0.01 M
boricacid were thenadded and an aliquot of 20 pL of
the sample were injected into the LC system. FB,
workingstandards (10 pg/mL)weresimilarly treated.
Quantification of FB, was performed by HPLC (GBC
Scientific Equipment Pty Ltd. - Victoria, Australia),
using acetonitrile-water-acetic acid (50+50+1, v/V)
as mobile phase. A C , ODS reversed-phase column
(150 x 4.6 mm, 5 pm particle size - Phenomenex,
Torrance, USA) and on-line corresponding guard
column were employed under oven temperature of
35°C. Flow rate of the mobile phase was setat 1 mL/
min. Detection was based on elicitation of the FB,
derivative fluorescence, with wavelength set of 335
nm and 440 nm for excitation and emission,
respectively. The chromatogram retentiontime for FB,
derivative was approximately nine minutes (Fig. 1).
Quantification was based on peak areameasurement
and comparison with FB, standard.

Method recoveries from five samples from each
matrix spiked with0.1to 3 pgFB,/granged from 88.6
to 103% for corn, 83 to 97.8% for rations, 78 to 94.5%
for rice, 82.4to 94.8% for wheat, 86.3t0 97.5% for oat,
8210 102.3% for barley, and 68,2 to 92% for soy meal.
The detection limit was approximately 0.04 pg/g.
Samples of rice, wheat and barley that presented a
peakwithinthe FB, retentionareawere confirmed by
addition of the internal standard in cleaned sample at
1and 3 ug FB,/g and processed again. Samples that
presented concentrationsabove 20 mg/gwerediluted
again and re-analysed.

RESULTSAND DISCUSSION

Of the 407 samples examined, 32.2% (131/407)
were positiveand presented contamination levels of FB,
thatvariedfrom0.086 ug/gto78.92ug/g(Table1).Corn
was the most frequently analysed, corresponding to
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Table 1 - Occurrence of fumonisin B, in cereals and feeds
from southern Brazil.

Samples Levels of fumonisin B, (ug/g)

Number Positive Minimum Maximum Average

Corn 267 94 (35.2%) 0.086 78.92 8.86
Ration 92 28(30.4%) 0.64 68.33 15.39
Rice 5 4(80.0%) 1.14 14.21 4.95
Wheat 13 1(7.7%) 24.35 24.35 24.35
Oat 8 2(25.0%) 0.045 0.17 0.11
Barley 14 2(14.3%) 1.97 243 2.20
Soyameal 8  0(0.0%) O ad ad

Total 407 131(32.2%) O a a

65.6% of the total number of samples. The highest
contamination levels were found in this category, and
were associated with outbreaks of equine
leukoencephalomalacia (MaLLmannetal., 1999). Ration
fed to poultry, swine and horses presented the largest
average (15.39 pg/g) concentration of FB, in positive
samples. Although, overall, lesseramountsofrice, wheat,
oat, barley and soy meal were assayed, contaminated
samples were found in each category except the latter.
This suggests that FB, could be present in a wider
variety of products from southern Brazil. Therefore,
larger numbers of samples should be tested in order to
obtain precisestatistical information onthe occurrence
of FB, in these cereals. The data on positive samples
(percentvalues)andthe minimum, maximum,andaverage
FB, concentrations recorded are shown in Table 1.

Previous research work from Brazil reported a
greater number of FB, positive cornsamplesand lower
mean concentrations. In a survey conducted in the
State of Parana, Brazil, Hirooka et al. (1996) detected
positivity for FB, in over 97% of 48 corn samples.
Similarly, Orsi et al. (2000) found a percentage of
positive samplesabovethose presently reported. They
studied the incidence of fumonisins in freshly-
harvested and stored corn from the State of Sdo Paulo,
Brazil,and obtained positive resultsin over 90% of the
195 samples tested, with FB, concentrations ranging
from 0.87 t049.31 ug/g.

The percentage of FB, positive cornsamples obtai-
ned in our study is also lower than that found in
neighbouring countries. Ramirez et al. (1996) and
PiReiroetal. (1997) described contamination frequen-
ciesof 100and 50% associated with average contami-
nation levels of 2.16 and 1.74 ug/g, respectively.
However, in our evaluation, the average FB, concen-
tration in positive corn samples was greater, being
8.86 ug/g. Thisis probably due tothe factthatsamples
related to outbreaks of leukoencephalomalacia in
horses were assayed, which were highly contamina-
tedwith FB, and raised the average detectable level of
the mycotoxin.

Y FLUO
FB1/8.58 min.

8.0E+02]

6.0E+02]

4.0E+02|
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0.0E+00 5.00 10.00 15.00 20.
Fig.1-Liquid chromatogram of o-phthaldialdehyde

derivatives of fumonisin B, (8.58 min, 78.92 ug/g)
extracted from naturally contaminated corn.

The analysis of our data demonstrates a high
incidence and high contamination levels of FB, in
rationsfrom southernBrazil. Researchwork carried
outby several authors (Rossetal.,1991; THiEL etal.,
1992) shows that significant productivity losses
occurred among animals exposed to dietary FB, at
concentrations that were even lower than those
presently reported. Elevated concentrations of FB,
in human foods have been associated with a high
incidence of oesophageal cancer in South Africa
(RHEeeDeRr et al., 1992; SypenHAM et al., 1990), Italy
(FrRancescHietal., 1990),and China (CHu & L1, 1994).
In southern Brazil, oesophageal cancer has been
typically linked to the tradition of drinking “chi-
marrdo” (an infusion of hot water and herbs),
although such association has never been
demonstrated. Onthe other hand, local populations
could easily be exposed to FB,, either through a
marked consumption of contaminated corn-based
foods, rice and wheat-based foods or, indirectly,
through the ingestion of mycotoxin-containing meat
fromanimalsthat had been exposed to contaminated
feeds, as proposed by PreLusky et al. (1996).
Therefore, we raise the possibility that FB, may be
partially responsible for the incidence of human
oesophageal cancer in southern Brazil and propose
arevaluation of the aetiology of the disease in that
region. As there are no detailed statistical data
available on the incidence of FB,, or compounds
generated through its biotransformation, in meet
derived from breeds of southern Brazil, novel
research work on meet from that region must be
carried outin ordertoassessthe truerisk of human
contamination with FB, due to consumption of
local animal products.
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