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Abstract

The occurrence of Fusarium species of Liseola section and related toxins was investigated for two years (1996 and
1998) on maize ear rot samples collected in the most important areas for maize growing in Slovakia. The species
most frequently isolated was F. verticillioides, followed by F. proliferatum in 1996 and F. subglutinans in 1998.
Most of the strains belonged to mating populations A, D, and E of the teleomorph Gibberella fujikuroi. Fusarium
graminearum was also frequently recovered in both the years of investigations. Toxin analysis of maize ears showed
that most of the samples (21 out of 22) were contaminated with at least one toxin. In particular, the concentration of
fumonisin B1, and fumonisin B2 was up to 26.9 and 5.1 µg g−1, respectively in 1996, and up to 12.1 and 6.3 µg g−1,
respectively in 1998. Beauvericin was detected only in one sample in 1996. Seven samples in 1996 were contami-
nated by fusaproliferin up to 8.2 µg g−1, but just traces of the toxin were found in one sample in 1998. All 29 strains of
F. verticillioides, two of three strains of F. proliferatum and none of eight F. subglutinans strains isolated from sam-
ples produced fumonisin B1 in culture on whole maize kernels (0.1–5646 and 940–1200 µg g−1, respectively). Two
strains of F. subglutinans and two of F. proliferatum produced beauvericin (up to 65 and 70 µg g−1, respectively).
Ten strains of F. verticillioides produced beauvericin: 9 strains produced a low amount (up to 3 µg g−1), while only
one of them produced a high level of toxin (375 µg g−1). Fusaproliferin was produced by two F. proliferatum strains
(220 and 370 µg g−1), by seven F. subglutinans (20–1335 µg g−1) and by three F. verticillioides (10–35 µg g−1).
This is the first report on fusaproliferin production by F. verticillioides, although at low level.

Introduction

Among Fusarium species belonging to section
Liseola, F. verticillioides (Sacc.) (syn. F. moniliforme),
F. subglutinans (Wollenw. et Reinking) Nelson,
Toussoun et Marasas and F. proliferatum (Matsushima)
Nirenberg are well-known pathogens of maize, caus-
ing stalk and ear rot worldwide (Nelson et al., 1981;
Leslie et al., 1990; Logrieco et al., 1993; Bottalico,
1998). These species colonize maize plants differently
according to the stages of maturity of maize (Chulze
et al., 1998), different geographical areas, and envi-

ronmental conditions (Bottalico, 1998). Fusarium
subglutinans has a lower optimum temperature for
growth and predominates in more temperate areas
than F. verticillioides (Nelson et al., 1981). Indeed,
F. subglutinans was reported as the most prevalent ear
rot agent in the main maize growing areas of central
and northern Europe, such as Austria, Slovenia, and
Poland (Lew et al., 1996; 1997; Levic et al., 1997;
Milevoj, 1997). In contrast, F. verticillioides and
F. proliferatum, although reported all over Europe,
are more frequently isolated during hot, dry seasons
principally in central and southern Europe, including
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Italy (Logrieco et al., 1995; Ritieni et al., 1997), and
Spain (Sanchis, Food Technology Department, Spain,
personal communication).

Information on the geographical distribution of these
species is of importance in predicting exposure of
maize to toxic secondary metabolites produced by these
fungi and in the assessment of the relative toxicological
risk. Each of these species has a specific toxin profile
and can produce potent mycotoxins, including fumon-
isins (Nelson et al., 1993), fusaric acid (Bacon et al.,
1996), and moniliformin (Marasas et al., 1984), and
the more recently reported beauvericin (BEA) and
fusaproliferin (FUP) (Moretti et al., 1996). Among
these mycotoxins, fumonisin B1 (FB1), a toxin pro-
duced by both F. verticillioides and F. proliferatum
(Nelson et al., 1993), is a well-known contaminant of
maize (Munkvold and Desjardins, 1997) and has been
related to oesophageal cancer in South Africa (Rheeder
et al., 1992) and is responsible for several animal dis-
eases, for example, leukoencephalomalacia in horses
(Kellerman et al., 1990) and pulmonary oedema in
swine (Harrison et al., 1990). Fusaproliferin is a toxic
metabolite isolated from cultures of F. proliferatum and
F. subglutinans (Moretti et al., 1996). It is a sesquiter-
pene compound that has toxic activity against brine
shrimp (Artemia salina L.), insect cells, and human B
lymphocytes, and has a teratogenic effect on chicken
embryos (Logrieco et al., 1996; Ritieni et al., 1997).
Beauvericin is a cyclodepsipeptide compound, known
to have insecticidal properties (Grove and Pople,
1980) and to be produced by F. proliferatum and
F. subglutinans (Moretti et al., 1996). It is also highly
toxic to human cell lines (Macchia et al., 1995) and to
be a very potent channel-forming molecule inducing
pores in biological membranes (Lemmens et al., 2000).
Evidence suggests that mycotoxins may have syner-
gistic effects in vivo (Marasas et al., 1984). Therefore,
the detection of more than one toxin with different bio-
logical activity occurring in infected maize samples
is useful to better evaluate the risk due to human and
animal consumption of contaminated maize.

Gibberella fujikuroi (Sawada) Ito in Ito and
K. Kimura is the teleomorph of F. verticillioides,
F. proliferatum, and F. subglutinans (Leslie, 1995).
Fusarium subglutinans from maize usually corre-
sponds to mating population E of G. fujikuroi, whereas
F. proliferatum and F. vericillioides from maize cor-
respond to mating populations D and A, respectively
(Leslie, 1995). Each mating population has its own
toxicological profile, that could reflect important dif-
ferences in pathogenicity, natural history, and ecology

of mating populations (Leslie, 1995; Moretti et al.,
1996).

The aims of this study were: (a) to investigate the
most commonly occurring Fusarium species causing
ear rot in the main maize areas in Slovakia over two
years of analysis; (b) to detect the possible contamina-
tion of Fusarium toxins on maize kernels; (c) to assess
the mating population of the strains isolated from maize
kernels and belonging to the G. fujikuroi complex, and
to analyse the toxicological profile of each strain.

Materials and methods

Maize samples

Samples (around 50 visibly mouldly maize ears per
sample) were collected at pre-harvest from different
maize fields in the 11 most important maize production
areas of Slovakia (see Table 1) during the 1996 and
1998 crop seasons. The samples were stored at 4 ◦C.

Mycological analyses

One hundred visibly infected kernels from each sam-
ple (20 kernels per ear from five randomly chosen
ears) were placed in Petri dishes (five kernels per
plate, with each broken into two pieces) containing a
modified pentachloronitrobenzene medium selective
for Fusarium (Nelson et al., 1983). Single-spores of
putative Fusarium colonies were transferred to car-
nation leaf agar for identification, then mycelium and
conidia from each strain were frozen in sterile 18%
glycerol–water and stored at −75 ◦C in the Istituto
Tossine e Micotossine da Parassiti Vegetali (ITEM)
culture collection and given an accession number. One
or more strains from each sample were characterized
for mating population and in vitro production of BEA,
FB1, and FUP.

Fertility tests

Tester strains for mating population tests were received
from J.F. Leslie, Kansas State University. Strains in the
present study were crossed on carrot agar as male par-
ents with tester strains of mating population A through
F (Klittich and Leslie, 1988). Mated cultures were con-
sidered fertile if perithecia formed within 6 weeks. All
strains were crossed twice with both testers from each
mating population.
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In vitro toxin production

Single-conidium strains of fungal cultures were grown
on 100 g of autoclaved yellow maize kernels adjusted
to about 45% moisture in 500 ml Erlenmeyer flasks and
inoculated with 2 ml of an aqueous suspension con-
taining approximately 107 conidia ml−1. Cultures were
incubated at 25 ◦C for 4 weeks. The harvested cul-
ture material was dried in a forced draft oven at 60 ◦C
for 48 h, finely ground, and stored at 4 ◦C until use.
Controls were treated the same way, except that they
were not inoculated.

Toxin analyses

For BEA, FUP, and fumonisins extraction the pro-
cedure described by Munkvold et al. (1998) was
followed. Standards of FB1 and FB2 and BEA were
purchased from Sigma Chemical Co., St. Louis,
MO; fusaproliferin was isolated in the laboratory
of the Department of Scienza degli Alimenti from
maize kernels inoculated by a F. proliferatum strain
(Ritieni et al., 1995). Analysis of FB1 and FB2 were
performed by following procedures of Doko and
Visconti (1994), while for strains isolated from 1996
samples, FB1 was analysed following the procedure
previously described by Munkvold et al. (1998).
The amount of BEA and FUP were determined by
high-performance liquid chromatography (Munkvold
et al., 1998). The detection limit was 0.1 µg g−1 for
BEA, and 0.025 µg g−1 for FUP. All analyses were
run in triplicate and the mean values are reported.
Calculated standard deviation was always lower
than 5%.

Results

Occurrence of Fusarium species

The species most frequently isolated from maize
kernels were the anamorphs of G. fujikuroi and
F. graminearum Schwabe (Tables 1 and 2) in both years
of the investigations. In particular, 12–100% of the
ears were contaminated with F. verticillioides in 1996
and 4–95% were contaminated in 1998. In addition,
F. proliferatum occurred in 10–94% in all samples in
1996, but in just four samples in 1998 (from 8% to
88%), while F. subglutinans was very seldom identified
in 1996 (6–11%), although it was found in 10 samples

in 1998, at a level of 7–42% (Tables 1 and 2). Three
other species were occasionally isolated from the maize
samples: F. avenaceum was isolated from one sample in
1996 (12%), F. compactum from one sample in 1998
(4%), and F. equiseti from three samples in both years
(from 3% to 56%).

Toxin contamination of maize samples

Data on toxin contamination are presented in Table 1
for 1996 and Table 2 for 1998. The maize samples
were contaminated with FB1, and FB2 (up to 26.9 and
5.1 µg g−1, respectively) in 1996, while in 1998 the con-
tamination by these toxins was at a lower concentration
(up to 12.1 and 6.3 µg g−1, respectively). Beauvericin
was detected just in one sample in 1996 but it was not
detected in any sample in 1998. Seven samples in 1996
were contaminated by FUP (up to 8.2 µg g−1), but just
traces of the toxin were found in one sample in 1998.
Among the samples from both years, only sample 8/96
was contaminated with all four toxins for which tests
were carried out.

Toxin production and mating population of
Fusarium strains

The data on the production by cultures of BEA, FB1,
FB2, and FUP in vitro and the results of fertility
tests are reported in Table 3. Twenty-eight strains
from 1996 were investigated and 12 from 1998.
Most strains proved to be fertile (32 out of 40): 25
out of 29 F. verticillioides strains belonged to mat-
ing population A, 2 out of 3 F. proliferatum strains
belonged to mating population D and 6 of 8 strains
of F. subglutinans belonged to mating population E.
Among the 29 strains of F. verticillioides, FB1 was
produced at a significant level by 26 strains (from
230 to 5645 µg g−1), while 3 strains produced it at a
very low level (up to 2 µg g−1); 2 of 3 F. proliferatum
strains produced FB1 (up to 1200 µg g−1), and none of
the 8 strains of F. subglutinans analysed produced the
toxin. Beauvericin was produced by 2 of 3 strains of
F. proliferatum and by 2 of 8 strains of F. subglutinans
(up to 65 µg g−1). Finally, BEA was produced among
10 strains of F. verticillioides at a low level (traces
to 1 µg g−1) and 1 strain, ITEM 2636, at a high level
(375 µg g−1). Fusaproliferin was produced by 3 strains
of F. verticillioides (10–35 µg g−1), 2 of F. proliferatum
(220–370 µg g−1) and 7 strains of F. subglutinans
(20–335 µg g−1).
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Table 1. Occurrence of Fusarium species and toxin contamination (µg g−1) in maize kernel samples collected
in 1996 in Slovakia

Sample Origin Fusarium species (%) FB1
∗ FB2

∗ BEA∗ FUP∗

1 Trnovec nad Váhom F. graminearum (95) 0.04 0.05 n.d 0.35
F. proliferatum (10)
F. verticillioides (65)

2 Kollárovo F. graminearum (64) 0.02 0.01 n.d. n.d.
F. verticillioides (54)
F. subglutinans (11)

3 Vlčkovce F. proliferatum (86) 0.25 0.04 n.d. n.d.
F. verticillioides (45)
F. graminearum (4)

4 Zemplı́nska Šı́rava F. proliferatum (94) 20 0.01 n.d. 2.2
F. graminearum (43)

5 Topolnı́ky F. proliferatum (92) 0.03 0.01 n.d. n.d.
F. verticillioides (12)
F. graminearum (8)

6 Demandice F. verticillioides (100) 26.9 5.1 n.d. n.d.
F. proliferatum (15)

7 Čalovo F. verticillioides (65) 0.02 0.02 n.d 0.7
F. graminearum (18)

8 Vojany F. proliferatum (87) 0.01 0.01 3.0 8.2
F. verticillioides (40)
F. graminearum (12)

9 Oždany F. verticillioides (80) 0.01 0.01 n.d. 7.3
F. proliferatum (70)

10 Vel’ké Kapušany F. proliferatum (75) n.d. 0.005 n.d. 7.7
F. equiseti (56)
F. verticillioides (13)
F. subglutinans (11)

11 Ivanka pri Dunaji F. verticillioides (72) 0.01 0.01 n.d. 0.2
F. graminearum (21)
F. avenaceum (12)

∗: FB1 = fumonisin B1; FB2 = fumonisin B2; BEA = beauvericin; FUP = fusaproliferin; n.d. = not detected.

Discussion

Slovakia is a region that has not been well investigated
for the incidence of Fusarium ear rot on maize. The
data reported here show that F. graminearum and
species belonging to section Liseola occurred on maize
kernels in both years. Occurrence and prevalence of
Fusarium species in maize ears from different regions
and years mainly depended on the temperature and
rainfall (Bottalico, 1998). The data reported here agree
with reports from central and northern Europe that
F. graminearum is one of the main species isolated from
maize ear rot (Chelkowski, 1989; Bocarov-Stancic
et al., 1997). The data on F. verticillioides confirmed
that it was one of the main species from maize in
central Europe, as reported in Croatia (Jurjevic et al.,
1997) and Yugoslavia (Levic et al., 1997). Fusarium
subglutinans, reported as the most important species on

maize in Austria (Lew et al., 1997), Poland (Logrieco
et al., 1993), and together with F. verticillioides in
Yugoslavia (Levic et al., 1997) occurred mainly during
the second year of investigation in the samples from
Slovakia, while F. proliferatum was more frequently
isolated in the first year. The occurrence of these two
species could be due to different climatic conditions
occurring during the two years of investigation.

The significant infection by Fusarium species of
all maize samples explained the contamination of all
the samples with at least one of the toxins analysed.
The co-occurrence of Fusarium toxins was reported
from several areas (Logrieco et al., 1993; Ritieni et al.,
1997; Munkvold et al., 1998). However, this is the
first report of the occurrence of Fusarium species and
maize contamination by fumonisins, BEA, and FUP in
Slovakia, and is a further contribution to the knowl-
edge of the distribution of toxigenic fungi and related
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Table 2. Occurrence of Fusarium species and toxin contamination (µg g−1) in maize kernel samples collected
in 1998 in Slovakia

Sample Origin Fusarium species (%) FB1
∗ FB2

∗ BEA∗ FP∗

1 Trnovec nad Váhom F. verticillioides (85) 1.85 0.46 n.d n.d.
F. subglutinans (42)
F. proliferatum (7)
F. graminearum (18)

2 Kollárovo F. proliferatum (88) 4.55 1.02 n.d. traces
F. verticillioides (47)
F. graminearum (12)
F. subglutinans (7)

3 Vlčkovce F. verticillioides (95) 12.1 6.35 n.d. n.d.
F. subglutinans (18)

4 Včeláre F. graminearum (98) 0.01 0.04 n.d. n.d.
F. subglutinans (18)
F. verticillioides (4)
F. equiseti (3)

5 Topol’nı́ky F. graminearum (74) 0.01 0.03 n.d. n.d.
F. subglutinas (18)
F. verticillioides (11)

6 Demandice F. verticillioides (68) 1.25 0.25 n.d. n.d.
F. graminearum (34)
F. proliferatum (8)

7 Čalovo F. graminearum (72) 0.01 0.02 n.d n.d.
F. subglutinans (17)
F. proliferatum (14)

8 Vojany F. graminearum (82) 0.01 0.05 n.d. n.d
F. verticillioides (18)
F. equiseti (21)
F. subglutinans (9)
F. compactum (4)

9 Oždany F. verticillioides (85) 9.2 3.0 n.d. n.d.
F. subglutinans (12)
F. graminearum (9)

10 Hradište F. graminearum (78) 0.1 0.25 n.d. n.d.
F. verticillioides (4)

11 Ivanka pri Dunaji F. graminearum (98) 0.01 0.01 n.d. n.d.
F. verticillioides (59)
F. subglutinans (14)

∗: FB1 = fumonisin B1; FB2 = fumonisin B2; BEA = beauvericin; FUP = fusaproliferin; n.d. = not detected.

toxins in Europe. Some of the samples were contam-
inated with the toxins at significant levels (Tables 1
and 2) and in particular, samples 8/1996 was contami-
nated with all four toxins. Fumonisin B1 was reported
to induce apoptosis in several types of cultured human
cells (Tolleson et al., 1996) and also showed clear evi-
dence for its carcinogenicity in male rats and female
mice (US NTP, 1999). The occurrence of several sam-
ples with levels of FB1 contamination higher than
4 µg g−1 (Tables 1 and 2), which is the recommended
limit for human foods by US FDA (FDA home page:
http://vm.cfsan.Fda.gov), is cause for concern in rela-
tion to the possible consumption of such contaminated

maize. Moreover, BEA has also been shown to be
highly toxic to human cell lines, inducing apoptosis
(Macchia et al., 1995), and FUP was reported to cause
apoptosis in a mammalian cell line (Di Paola et al.,
1998). Therefore, the assessment in the same sample
of all these toxins is necessary not only because of the
serious risk for the health of humans and animals but
also because of their possible synergistic effects.

Most of the strains tested were fertile and belonged
to mating populations A, D, and E of G. fujikuroi.
This agrees with previous reports that considered these
mating populations as the most frequent on maize
(Leslie, 1995). With respect to toxin production, each
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Table 3. Toxin production (µg g−1) by Fusarium strains of Liseola section isolated from maize kernels in
Slovakia and results of mating population (MP) identification

ITEM Sample Species MP FB1
∗ BEA∗ FUP∗

2617 1–96 F. verticillioides MATA-2 1350 n.d. n.d.
2618 1–96 F. verticillioides MATA-2 450 n.d. 10
2619 1–96 F. verticillioides MATA-1 1125 n.d. n.d.
2621 2–96 F. proliferatum n.f. n.d. 55 220
2622 2–96 F. verticillioides MATA-2 650 n.d. n.d.
2624 2–96 F. subglutinans MATE-1 n.d. n.d. 800
2625 3–96 F. verticillioides MATA-2 400 n.d. n.d.
2628 3–96 F. verticilliodes MATA-1 600 n.d. n.d.
2629 3–96 F. verticillioides MATA-2 870 n.d. n.d.
2631 4–96 F. proliferatum MATD-2 1200 n.d. n.d.
2633 4–96 F. subglutinans MATE-2 n.d. n.d. 340
2635 4–96 F. proliferatum MATD-2 940 70 370
2636 5–96 F. verticillioides MATA-2 650 375 15
2637 5–96 F. verticillioides MATA-2 860 n.d. n.d.
2638 5–96 F. verticillioides MATA-2 525 n.d. n.d.
2640 6–96 F. verticillioides MATA-1 620 n.d. n.d.
2642 6–96 F. verticillioides n.f. 280 n.d. n.d.
2643 6–96 F. verticillioides n.f. 230 n.d. n.d.
2644 8–96 F. verticillioides n.f. 270 n.d. n.d.
2645 8–96 F. subglutinans MATE-1 n.d. n.d. 1010
2646 8–96 F. subglutinans MATE-1 n.d. n.d. n.d.
2647 8–96 F. subglutinans MATE-1 n.d. n.d. 880
2648 9–96 F. subglutinans n.f. n.d. 65 620
2649 9–96 F. verticillioides MATA-1 430 n.d. 35
2650 9–96 F. verticillioides MATA-2 1220 n.d. n.d.
2652 10–96 F. verticillioides n.f. 250 n.d. n.d.
2653 10–96 F. verticillioides n.f. 200 n.d. n.d.
2657 10–96 F. subglutinans MATE-1 n.d. n.d. 1335
3412 8–98 F. verticillioides MATA-2 0.2 1 n.d.
3413 8–98 F. verticilioides MATA-2 0.1 n.d. n.d.
3414 11–98 F. subglutinans n.f. n.d. 30 20
3415 11–98 F. verticillioides MATA-1 0.1 traces n.d.
3416 8–98 F. verticiolliodes MATA-2 1625 1 n.d.
3417 8–98 F. verticillioides MATA-2 470 3 n.d.
3418 8–98 F. verticillioides MATA-2 2100 1 n.d.
3419 8–98 F. verticillioides MATA-2 3280 1 n.d.
3420 8–98 F. verticillioides MATA-2 3160 2 n.d.
3421 8–98 F. verticillioides MATA-2 1150 1 n.d.
3422 8–98 F. verticillioides MATA-2 5645 1 n.d.
3423 11–98 F. verticillioides MATA-1 2820 1 n.d.

∗: FB1 = fumonisin B1; FB2 = fumonisin B2; BEA = beauvericin; FUP = fusaproliferin; n.d. = not
detected; n.f. = not fertile.

mating population is considered to possess its own toxi-
cological profile (Leslie et al., 1992; Moretti et al.,
1996). Among the isolates tested in this study, FB1 was
produced only by strains of mating populations A and
D, while data relating to BEA and FUP were differ-
ent to our previous reports, since an isolate of mat-
ing population A (ITEM-2636) produced both these
toxins (Moretti et al., 1996). Further studies using

molecular tools could help to understand the biology of
ITEM-2636. Since BEA was produced at low levels by
few of the tested strains, we believe that the exposure of
maize to this toxin in Slovakia could be low. However,
further data are needed to support this observation.
Since three strains of mating population A produced
FUP, we can conclude that this is the first report of
FUP production by members of mating population A
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and consequently of the F. verticillioides anamorph.
Some of the strains were not fertile, but they pro-
duced typical mycotoxins of the anamorphs to which
they belong. However, the high level of fertility found
among the strains reported, confirmed previous investi-
gations (Leslie, 1995). This is important because of the
high possibility of genetic recombination in the field
that could increase the genetic pool available for patho-
genetic and toxigenic populations of different species
of Liseola section on maize in Slovakia.

Acknowledgements

This work was supported by cooperative research
agreement CNR-Italy/SAV Slovakia and COST Action
835 ‘Agriculturally important toxigenic fungi’.

References

Bacon CW, Porter JK, Norred WP and Leslie JF (1996) Pro-
duction of fusaric acid by Fusarium species. Applied and
Environmental Microbiology 62: 4039–4043

Bocarov-Stancic A, Skrinjar M, Masic Z, Pavcov S and Golosin B
(1997) Natural occurrence of Fusarium spp. and fusariotoxin in
Yugoslav corn kernels. Cereal Research Communications 25:
581–582

Bottalico A (1998) Fusarium disease of cereals: species com-
plex and related mycotoxin profiles. European Journal of Plant
Pathology 80: 85–103

Chelkowski J (1989) Mycotoxins associated with corn cob
fusariosis. In: Fusarium – Mycotoxins, Taxonomy and
Pathogenicity (pp 53–62) Elsevier, Amsterdam

Chulze S, Ramirez ML, Farnochi M, Pascale M, Visconti A
and March G (1998) Fusarium and fumonisin occurrence in
Argentinean corn at different ear maturity stages. Journal of
Agricultural and Food Chemistry 44: 2797–2801

Di Paola R, Fornelli F, Moretti A, Ritieni A, Tursi A,
Caiaffa MF, Logrieco A and Macchia L (1998) Toxicity of
fusaproliferin to mammalian cells. Evidence for apoptosis-
based cytotoxicity mechanism. First Workshop of COST
Action 835: Agriculturally Important Toxigenic Fungi Athens,
October 29–31, p 44 (Abstract)

Doko B and Visconti A (1994) Occurrence of fumonisin B1 and
B2 in corn and corn-based human food-stuffs in Italy. Food
Additives and Contaminants 11: 433–439

Grove JF and Pople M (1980) The insecticidal activity of beau-
vericin and the enniatin complex. Mycopathologia 70: 103–105

Harrison LR, Colvin BM, Greene JT, Newman LE and Cole JR
(1990) Pulmonary edema and hydrothorax in swine produced
by fumonisin B1, a toxic metabolite of Fusarium moniliforme.
Journal of Veterinary Diagnostic Investigation 2: 217–221

Jurjevic Z, Cvjetkovic B, Jurjevic V and Ceovic S (1997) Occur-
rence of Fusarium species on corn in the region of endemic
nephropathy in Croatia. Cereal Research Communications 25:
455–456

Kellerman TS, Marasas WFO, Thiel PG, Gelderblom WG,
Cawood M and Coetzer JAW (1990) Leukoencelphalomalacia
in two horses induced by oral dosing of fumonisin B1. Onder-
steport Journal Veterinary Research 2: 269–275

Klittich CJR and Leslie JF (1988) Nitrate reduction mutants of
Fusarium moniliforme (Gibberella fujikuroi). Genetics 118:
417–423

Lemmens M, Kouri K and Lemmens-Gruber R (2000) Patch
clamp studies on the electrophysiological properties of
the beauvericin channel-incorporated in artificial biologi-
cal membranes. 6th European Fusarium Seminar, Berlin
11–16 September 2000. pp 43–44 (Abstract)

Leslie JF (1995) Gibberella fujikuroi: available populations and
variable traits. Canadian Journal of Botany 73 (Suppl 1):
S281–S291

Leslie JF, Pearson CA, Nelson PA and Toussoun TA (1990)
Fusarium spp. from corn, sorghum, and soybean fields in the
central and eastern United States. Phytopathology 86: 343–350

Leslie JF, Plattner RD, Desjardins AE and Klittich CJR (1992)
Fumonisin B1 production by strains from different mating pop-
ulations of Gibberella fujikuroi (Fusarium section Liseola).
Phytopathology 82: 341–345

Levic J, Tamburic-Ilincic L and Petrovic T (1997) Maize kernel
infection by Fusaria in the period 1994–1996. Cereal Research
Communications 25: 773–775

Lew H, Chelkowski J, Pronczuk P and Edinger W (1996) Occur-
rence of the mycotoxin moniliformin in maize (Zea mays L.)
ears infected by F. subglutinans (Wollenw. et Reinking) Nelson
et al. Food Additives and Contaminants 13: 321–324

Lew H, Adler A and Edinger W (1997) Dynamics of the Fusarium
toxin distribution in maize plants affected by stalk rot. Cereal
Research Communications 25: 467–470

Logrieco A, Moretti A, Ritieni A, Chelkowski J, Altomare C,
Bottalico A and Randazzo G (1993) Natural occurrence of
beauvericin in preharvest Fusarium subglutinans infected corn
ears in Poland. Journal of Food Chemistry 41: 2149–2152

Logrieco A, Bottalico A and Corda P (1995) Occurrence and
toxigenicity of Fusarium proliferatum from preharvest maize
ear rot and associated mycotoxins in Italy. Plant Disease 79:
727–731

Logrieco A, Moretti A, Fornelli F, Fogliano V, Ritieni A,
Caiaffa MF, Randazzo G, Bottalico A and Macchia L (1996)
Fusaproliferin production by Fusarium subglutinans and its
toxicity to Artemia salina, SF-9 insect cells, and human B
lymphocytes. Applied and Environmental Microbiology 62:
3378–3384

Macchia L, Di Paola R, Fornelli F, Macchia F, Caiaffa MF
and Tursi A (1995) Apoptosis induced by the myco-
toxin beauvericin in human B-lymphocyte cell lines. XIV◦

Congresso Nazionale della Societa’ Italiana di Immunologia e
Immunopatologia-Atti 1995: pp 463–466

Marasas WFO, Nelson PE and Toussoun TA (1984) Toxi-
genic Fusarium Species: Identity and Mycotoxicology. The
Pennsylvania State University Press, University Park, PA

Milevoj L (1997) Electrophoretic study of proteins in the fungus
F. moniliforme var. subglutinans Wr. & Rein. Cereal Research
Communications 25: 603–606

Moretti A, Logrieco A, Bottalico A, Ritieni A, Fogliano V and
Randazzo G (1996) Diversity in beauvericin and fusaproliferin



306

production by different populations of Gibberella fujikuroi
(Fusarium section Liseola). Sydowia 48: 45–56

Munkvold G, Stahr HM, Logrieco A, Moretti A and Ritieni A
(1998) Occurrence of fusaproliferin and beauvericin in
Fusarium-contaminated livestock feed in Iowa. Applied
Environmental Microbiology 64: 3923–3926

Munkvold GP and Desjardins AE (1997) Fumonisins in maize:
can we reduce their occurrence? Plant Disease 81: 556–565

Nelson PE, Toussoun TA and Cook RJ (1981) Fusarium:
Diseases, Biology, and Taxonomy. The Pennsylvania State
University Press, University Park, PA

Nelson PE, Toussoun A and Marassas W (1983) Fusarium
Species: An Illustrated Manual for Identification. The
Pennsylvania State University Press. University Park, PA

Nelson PE, Desjardins AE and Plattner RD (1993) Fumon-
isins, mycotoxins produced by Fusarium species: biology,
chemistry, and significance. Annual Review of Phytopathology
31: 233–252

Rheeder JP, Marasas WFO, Thiel PG, Sydenham EW,
Shephard GS and van Schalkwyk DJ (1992) Fusarium
moniliforme and fumonisins in corn in relation to human
oesophageal cancer in Transkei. Phytopathology 82:
352–357

Ritieni A, Fogliano V, Randazzo G, Scarallo A, Logrieco A,
Moretti A, Mannina L and Bottalico A (1995) Isolation and

characterization of fusaproliferin, a new toxic metabolite from
Fusarium proliferatum. Natural Toxins 3: 17–20

Ritieni A, Moretti A, Logrieco A, Botalicco A, Randazzo G,
Monti SM, Ferracane R and Fogliano V (1997a) Occurrence of
fusaproliferin, fumonisin B, beauvericin in maize from Italy.
Journal of Agricultural and Food Chemistry 45: 4011–4016

Ritieni A, Monti SM, Randazzo G, Logrieco A, Moretti A,
Peluso G, Ferracane R and Fogliano V (1997b) Terato-
genic effects of fusaproliferin on chicken embryos. Journal of
Agricultural and Food Chemistry 45: 3039–3043

Shephard GS, Syndenham EW, Thiel PG and Gelderblom CA
(1990) Quantitative determination of fumonisin B1 and B2

by high-performance liquid chromatography with fluorescence
detection. Journal of Liquid Chromatography 13: 2077–2087

Tolleson WH, Melchior WB, Morris SM, McGarrity LJ,
Domon OE, Muskhelishvili L, James SJ and Howard PC (1996)
Apoptotic and anti-proliferative effects of fumonisin B1 in
human keratinocytes, fibro oesophageal epithelial cells and
hepatoma cells. Carcinogenesis 17: 239–249

US NTP (1999) Technical Report on the Toxicology and Carcino-
genesis Studies of Fumonisin B1 (CAS No. 116355-83-0) in
F344/N Rats and B6C3F1 Mice (Feed Studies). NTP TR 496,
NIH Publication No. 99-3955 (Research Triangle Park NC: US
Department of Health and Human Services) 123–131 Appen-
dix A, Appendix D


