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a b s t r a c t

Silage is a widespread practice to preserve forage. Poor storage conditions can lead to mold contami-
nation and mycotoxin production. The aim of this study was to establish the occurrence of toxigenic
fungal species and to determine aflatoxins (AFs), ochratoxin A (OTA), fumonisin B1 (FB1) and deoxi-
nivalenol (DON) in corn silage intended for bovines before and after fermentation in farms located in São
Paulo and Rio de Janeiro States, Brazil. Fungal counts were done by surface-spread method. Toxigenic
ability of isolates was evaluated in vitro. AFs natural contamination was determined by TLC and HPLC.
Total fungal counts were generally high. Aspergillus flavus, Penicillium citrinum, and Fusarium verti-
cillioideswere the prevalent species. Toxigenic strains were isolated. Aflatoxin levels differed (P < 0.0001)
from 2 to 45 mg g�1 and from 2 to 100 mg g�1 in pre and post-fermentation samples, respectively.
Ochratoxin A, FB1 and DON levels found in pre-fermentation samples were higher than in post-
fermentation (P < 0.0001). Mycotoxins and toxigenic fungi were present before and after fermenta-
tion in corn silage intended for bovines in Brazil. Aflatoxin B1 (AFB1) increased during storage whereas
OTA, FB1 and DON decreased. Determination of mycotoxin levels and their occurrence in corn silage
are important to provide information so that the assessments of risk for animal feed and livestock
environment could be made.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Corn (Zea mays L.) is themost widely grown crop in the Americas
extensively used for animal feeding and human consumption due to
its nutritional value. Silage is a widespread practice to preserve
forage during extended time periods. The production of corn silage
entails incorporation of the whole plant and its storage is based on
the principle of preservation under anaerobic conditions with the
growth of lactic acid bacteria. These bacteria promote a natural
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niversidad Nacional de Río
Argentina. Tel.: þ54 358 467

lcavaglieri@exa.unrc.edu.ar

All rights reserved.
fermentation that lowers the pH to a level that is considered unfa-
vorable for the growth of clostridia and most molds (Richard et al.,
2007). Temperature, humidity, oxygen availability and pH condi-
tions vary during the silage process and the microbiota may also
change fromonestage to another.Nutritionalvalueof silage is similar
to that of fresh forage. However, poor storage conditions such as
excessive moisture or dryness, condensation, heating, leakage of
rainwater and insect infestation can lead to undesirable mold
contamination, mycotoxin production and the reduction of nutri-
tional value (Dos Santos et al., 2003; Boysen et al., 2000; Cleveland
et al., 2003; Frisvad et al., 2006; Nout et al., 1993; Richard et al.,
2009). Mycotoxins are low molecular weight products of the fungal
secondary metabolism, produced mainly by Aspergillus, Penicillium,
Fusarium and Alternaria genera. These metabolites are toxic to
humans and animals when consumed or inhaled, and exposure to
mycotoxins through contaminated feed is one of the major risks
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affecting ruminant health (Bennett and Klich, 2003; Kalac and
Woolford, 1982). Toxic syndromes caused by mycotoxin ingestion
are indicated as mycotoxicosis and their toxic effects are diverse
depending on the toxin. Aflatoxins are potent carcinogenic toxins.
Ingestion of hepatotoxic aflatoxin B1 (AFB1) by lactating animals can
induce the presence of aflatoxin M1 in milk (Corbett et al., 1988).
Acute aflatoxicosis in cattle has been also thoroughly described
(Bodine and Mertens, 1983; CAST, 2003). Other mycotoxins such as
trichothecenes, OTA and zearalenone alter immune-mediated
activities in bovines (Black et al., 1992). Fumonisins have been
associated with the occurrence of pulmonary edema in pigs, leu-
koencephalomalacia in horses, hepatic cancer in rats and esophageal
cancer in humans (Howard et al., 2001; Smith et al., 2002; Marasas
et al., 2000; Marasas, 2001). In contrast, cattle appear to be quite
resistant to FBs due to its limited absorption and metabolism
(Osweiler et al., 1993; Rice and Ross, 1994). Surveillance for myco-
toxins in cereals and animal feeds has shown that more than one
toxin can occur in the same commodity (Scudamore et al., 1998). In
Brazil, about 89% of the total corn production is destined to animal
feeding (Rodrigues et al., 2002). The use of silage to preserve feed is
a relatively newpractice in our region. The environmental conditions
in São Paulo and Rio de Janeiro are different from other parts of the
world where data on mycological and mycotoxin contamination in
silage have been reported. At the present time, there is no available
data on exposure levels of Aspergillus and Fusariummycotoxins from
silage in Brazil. The prevalent environmental conditions, together
with inadequate feed storage provide suitable conditions for fungal
development. Most reports on the contamination of corn silage by
fungi and mycotoxins in Latin America refer to other countries
(González Pereyra et al., 2008; Reyes-Velázquez et al., 2008). In view
of the scarcity of information the aim of the present study was to
establish the natural occurrence of toxigenic fungal species and to
determine the presence of AFs, OTA, FB1 and DON in corn silage
samples destined to bovine consumption before and after the
fermentation process in the silo (pre and post-fermentation).

2. Materials and methods

2.1. Sample collection

The sampleswere collected in one of themost important regions
of Brazil where silage practice is developed. A total of 464 samples
of corn silage were collected from 58 different silos during two
sampling periods (232 in each sampling), from June 2007 toOctober
2007 and from February 2008 toMay 2008. These silos were placed
in two farms located São Paulo and two located in the State of Rio de
Janeiro. The silos were representative in size, composition and kind
of storage method applied. Each silo was sampled at two different
times: before compaction (pre-fermentation) and after compaction
and 90 days of fermentation (post-fermentation). The samplingwas
performed by collecting material from four different sections of
each silo, the upper layer (U), the lower layer (L), the laterals (LT)
and the central part (C). A 2 kg sample of silage material was taken
from each section. It was homogenized and quartered manually so
that a 500 g sample from each sampling site was obtained. All
samples were immediately taken to the laboratory, ground in a mill
(particle size: 1 mm) and tested for dry matter content (DM%), pH
and water activity (aW). A 10 g aliquot from each sample was
randomly selected for the analysis of themycobiota and the restwas
stored at 4 �C until mycotoxin analysis.

2.2. Physical evaluation of the samples

Dry matter percentage (DM%) and pH of the samples were
evaluated according to methodology described by Ohyama et al.
(1975). Water activity (aW) was determined using an AQUALAB
CX2 (Decagon, Devices, Inc. USA) appliance.

2.3. Mycological survey

Total fungal counts of sampleswereperformed on three different
culture media: dichloran rose bengal chloramphenicol agar (DRBC),
a general medium used for estimating total culturable mycobiota
(Pitt and Hocking, 1997); dichloran 18% glycerol agar (DG18), a low
aW medium that favors xerophilic fungi development (Pitt and
Hocking, 1997); and Nash & Snyder agar (NS), a selective medium
for Fusarium spp. counts (Nelson et al., 1983). Quantitative
enumerationwas done using the surface-spreadmethod. Ten grams
of each sample were homogenized in 90 mL 0.1% peptone water
solution for 30 min in an orbital shaker. Serial dilutions (10�2 to
10�3) were made and 0.1 mL aliquots were inoculated in duplicate
on the culturemedia. Plateswere incubated at 25 �C for 7e10days in
darkness. NasheSnyder plates were incubated at 24 �C for 7 days
under a 12 h cold white⁄12 h black fluorescent light photoperiod.
Only plates containing 15e150 colony-forming units (CFU) were
used for counting. The results were expressed as CFU per gram of
sample (CFU g�1). Representative colonies of Aspergillus and Peni-
cillium spp. were transferred for sub-culturing to tubes containing
malt extract agar (MEA) and Fusarium spp. were transferred to
carnation leaf agar (CLA). Fungal species were identified according
to Klich (2002), Nelson et al. (1983), Samson et al. (2000), and
Samson and Frisvad (2004). The results were expressed as isolation
frequency of the fungal genera (% of samples in which each genera
was present) and relative abundance of each fungal species (% of
isolation of each species among strains of the same genera).

2.4. Toxigenic profile of fungal isolates

The ability to produce OTA by potentially producer strains iso-
lated from corn silage samples (Aspergillus niger aggregate) was
tested according to the methodology proposed by Téren et al.
(1996). Aflatoxins production ability was evaluated in all Asper-
gillus section Flavi isolates according to the methodology described
by Geisen (1996).

2.5. Mycotoxin analyses

The natural incidence of seven mycotoxins was evaluated in the
58 corn silos. The presence of aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1), aflatoxin G2 (AFG2) and OTA was evaluated
using the extraction methodology described by Soares and
Rodeigues-Amaya (1989) combined with an immunoafinity
cleanup and a high performance liquid chromatography (HPLC)
detection. Briefly, 50 g of each sample were extracted with 270 mL
methanol and 30 mL of 4% sodium chloride and homogenized for
30 min in an orbital shaker. One hundred fifty mL of the extracts
were filtered throughWhatman N� 2 filter paper and 150mL of 40%
ammonium sulfate and 15 g celite were added to the filtrates. The
mixture was shaken for 5 min and filtered for a second time as
described before. One hundred mL of the clarified extract were
collected and transferred to a separation funnel together with
150 mL distilled water and extracted twice with 20 mL chloroform
each time. Twenty milliliter of the chloroformed extract were
collected and evaporated in a rotary evaporator at 70 �C. The
extracts were re-dissolved in 1mL chloroform and the clean-upwas
done using Beacon Aflatoxin Immunoafinity Columns (Cat.#20-
0097) (Beacon Analytical Systems Inc., Portland, Maine, USA)
passing the extract through the column at a rate of 1 drop/s. After
that, 2 mL purified water were passed through the column and
aflatoxins were eluted with 1 mL methanol. Extracts were collected
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and evaporated underN2flow re-dissolved in 100 ml chloroform and
analyzed byHPLC. TheHPLC system consisted in aWaters apparatus
(Waters Associates�, Inc., Miliford, M.A. e EUA) connected to two
Waters (model 510) pumps, a Rheodyne injector (Rheodyne�,
Cotati, California, USA) with a 20 mL loop, a Merck-Hitachi UVeVIS
L-4250 detector (350 nmwavelength) and a Merck Hitachi D-2500
integrador. A silica column (150 � 4.6 mm, 5 m) (VARIAN�, Wallnut
Crek, CA, USA) was used for separation. The mobile phase used for
normal phase HPLC was ethyl acetate:n-hexane (3:2,5 e v/v) at
a 1.5mLmin�1

flow rate. Aflatoxin (AFB1, AFB2, AFG1, AFG2) and OTA
standard solutions (Sigma Co, St. Louis e EUA) were prepared and
calibrated according to AOAC (2000) and quantified in a Shimadzu
model 2001 (Shimadzu Co.�, Kyoto, Japan) spectrophotometer. The
standard solutions were kept at �18 �C in caramel vials until used.
Confirmation tests were done by co-injection and UV spectroscopic
analysis of the peak with a Merck-Hitachi L-3000 diode array
detector (Hitachi Ltd.�, Japan) and a workstation (D-6 software).
Recovery assays of this method were of 80%. The limit of detection
for aflatoxins and OTA was �0.1 mg g�1.

For DON and FB1 quantitative analyses, commercial indirect
competitive ELISA kits were used (Beacon Analytical Systems Inc.,
Portland, Maine e USA) following the protocol provided by the
manufacturer.

2.6. Statistical analyses

Data analyses were performed by analysis of variance (ANOVA).
Data were transformed (log10(x þ 1)) before applying ANOVA.
Colony forming units data were transformed (log10(x þ 1)) before
applying the analysis of variance. Duncan’s test was used for
comparing CFU g�1 total fungal counts on different culture media
and Fisher’s protected LSD test was used for comparing means of
mycotoxins contamination and physical evaluation of samples data
(Quinn and Keough, 2002). The analyses were conducted using
PROC GLM in SAS (SAS Institute, Cary, NC, USA).

3. Results

3.1. Physical evaluation of the samples

Mean DM% of corn silage samples was 39.75% varying in a range
from 38 to 42 %. pH values varied from 4.2 to 6.5 with a mean value
of 4.88 while aW varied from 0.924 to 0.992 showing a mean value
of 0.960. No statistically significant differences were observed
when comparing physical characteristics of pre and post-
fermentation samples.
Table 1
Total fungal counts (CFU g�1) found in corn silage samples collected from different secti

Average total fungal counts (CFU g�1) � SD in corn silage samples Section

Pre-fermentation 3.34 � 103 � 2.72 � 103 a U
L
LT
C

Post-fermentation 5.74 � 104 � 1.82 � 104 b U
L
LT
C

Referring to DRBC culture medium.
SD: standard deviation.
Detection limit: 102 CFU g�1.
a,bValues indicated with different letters are significantly different according to LSD test (
The difference between pre and post-fermentation samples was analyzed separately a
difference between the sections of the silo was analyzed within the same group of samp
3.2. Mycological survey

Table 1 describes total fungal counts on DRBC and DG18 media
encountered in pre and post-fermentation corn silage samples.
Fungal counts were significantly higher (F1,5 ¼ 58.01, P < 0.001) in
post-fermentation samples. Silage section did not influence
the fungal counts (F3,11 ¼ 1.66; P < 0.1734). Fusarium spp. counts
on NS medium were generally low varying from 1.0 � 102 to
2.0 � 102 CFU g�1 in both pre- and post-fermented samples (data
not shown).

Seven filamentous fungi genera were isolated from pre and
post-fermented silage samples, being Aspergillus spp. the most
frequent. Yeasts were also present in nine percent of pre-fermented
and seven percent of post-fermented samples. Fig. 1 shows the
relative abundance values for each of the isolated genera.

Six different Aspergillus species and the A. niger aggregate were
identified. The predominant species identified in pre-fermented
samples were Aspergillus flavus (40%) and the A. niger aggregate
(23%), whereas in post-fermentation samples Aspergillus fumigatus
(17%) abundance was also significant along with the previously
mentioned (Fig. 2a).

Penicillium species isolated from pre-fermentation silage
samples were Penicillium citrinum (65%), Penicillium islandicum
(25%) and Penicillium glabrum (10%). In post-fermentation samples,
five species were identified: P. citrinum (50%), P. islandicum (17%),
Penicillium griseofulvum (15%), Penicillium funiculosum (13%), and
P. glabrum (5%) (Fig. 2b).

Eighty percent of Fusarium spp. strains isolated from pre-
fermented silage samples were identified as Fusarium verti-
cillioides and 20% as Fusarium graminearum. All Fusarium spp.
strains isolated frompost-fermented silage samples were identified
as F. verticillioides (Fig. 2c).

3.3. Toxigenic profile of fungal isolates

Twenty-three percent of A. niger aggregate isolates showed
ability to produce 2 to 10 mg g�1 OTA. Sixty percent of A. flavus
strains were able to produce 1e5 mg g�1 AFB1 and AFB2. Similar
levels of AFs were produced by 75% of Aspergillus parasiticus strains.

3.4. Mycotoxin analyses

Aflatoxin B1, OTA, DON and FB1 contamination was detected in
corn silage pre as well as post-fermentation and in every sampled
section of the silos (U, L, C and LT). Aflatoxin B2, G1 and G2 were not
detected in any of the samples. Aflatoxin B1, DON and FB1 levels
ons of the silo before and after fermentation evaluated on DRBC and DG18 media.

of the silo Average total fungal counts (CFU g�1) � SD

Culture media

DRBC DG18

3.8 � 103 � 4.0 � 103 ab 2.5 � 103 � 2.9 � 103

3.3 � 103 � 6.6 � 103 a 4.2 � 104 � 1.0 � 105

4.1 � 103 � 5.5 � 103 b 2.1 � 103 � 4.1 � 103

5.7 � 103 � 8.5 � 103 b 3.9 � 103 � 7.0 � 103

1.3 � 105 � 2.8 � 105 a 2.4 � 104 � 3.9 � 104

5.2 � 104 � 9.1 � 104 a 4.3 � 104 � 1.0 � 105

3.3 � 104 � 1.0 � 105 a 1.4 � 104 � 2.5 � 104

1.3 � 103 � 8.5 � 103 a 1.8 � 104 � 3.1 � 104

P < 0.001** for pre and post-fermentation samples and P < 0.05* for U, L, LT and C).
nd the different letters indicate differences within rows of the first column. The
les (pre or post-fermentation samples).



Fig. 2. Relative abundance (%) of a) Aspergillus, b) Penicillium and c) Fusarium species
isolated from pre and post-fermented corn silage samples.

Fig. 1. Isolation frequency (%) of fungal genera isolated from pre and post-fermented
corn silage samples.

L.A.M. Keller et al. / Journal of Stored Products Research 52 (2013) 42e47 45
were higher in post-fermentation samples (F1,5 ¼ 15.55; P < 0.05).
The LT section showed levels higher than the rest in for the three
mycotoxins (P < 0.05). There was no significant difference between
OTA levels in pre and post-fermentation samples. Some post-
fermentation samples showed AFB1 levels that exceeded the
permitted levels (20 mg g�1) (GMP, 2008). Ochratoxin A, FB1 and
DON levels found in pre and post-fermentation samples were all
below recommended limits. However, an important frequency of
contamination with these mycotoxins was observed (Table 2).

4. Discussion

Physical evaluation of the samples showed no difference in DM
%, pH and aW values for pre and post-fermentation samples. The
values obtained were comparable to the ones obtained by González
Pereyra et al. (2008) who found an average DM% value of 47.17% and
pH values that varied from 3.88 to 5.89 in post-fermented corn
silage samples collected in Argentina. On the contrary, aW values in
our samples were similar than that obtained by González Pereyra
et al. (2008).

Total fungal counts present in 25% of pre-fermented and 70% of
post-fermented samples exceeded the limit recommended as
a quality standard for animal feeds (1 � 104 CFU g�1) (GMP, 2008).
Total fungal counts increased during the fermentation process
being higher in post than in pre-fermentation samples. Fusarium
spp. counts on NS medium were low and even under the limit of
detection in some samples. Total fungal counts can be compared to
the results obtained by González Pereyra et al. (2008) who found
that 90% of their samples had counts over 1 � 104 CFU g�1 and
Reyes-Velázquez et al. (2008) who found counts that varied from
1.7� 103 to 9.0�108 CFU g�1, in corn silage samples fromArgentina
andMexico, respectively. Mycobiota isolated from corn silage in our
study was comparable to species found by other authors in the
same substrate in Argentina, Brazil, France and Egypt being Asper-
gillus and Penicillium the most frequently isolated genera (González
Pereyra et al., 2008; Moreno et al., 2009; Richard et al., 2007; El-
Shanawany et al., 2005). Potentially toxigenic species A. flavus,
A. parasiticus, A. fumigatus, A. niger aggregate, P. citrinum,
F. verticillioides and F. graminearum prevailed on this substrate.
Aspergillus flavus and A. fumigatus relative abundance in post-



Table 2
Mycotoxin levels and contamination frequency of corn silage samples before and after fermentation (pre and post-fermentation).

Samples Mycotoxin Silo section Contamination frequency (%) Level range (mg g�1) Mean � SD Samples exceeding regulation limits (%)

Pre-fermentation AFB1
A U 10.34 0.002e0.012a 0.008 � 0.003 e

L 17.24 0.004e0.011a 0.007 � 0.003 e

LT 12.07 0.003e0.011ab 0.008 � 0.003 e

C 12.07 0.003e0.011b 0.007 � 0.004 e

OTAA U 8.62 0.001e0.028 0.009 � 0.011 e

L 10.34 0.007e0.040 0.027 � 0.010 e

LT 10.34 0.007e0.040 0.026 � 0.011 e

C 8.62 0.001e0.028 0.008 � 0.011 e

FB1
A U 17.24 0.10e3.03a 1.40 � 1.33 e

L 15.52 0.20e4.03a 2.41 � 1.18 e

LT 18.97 0.74e3.97a 2.33 � 0.97 e

C 15.52 0.31e2.99a 1.59 � 1.09 e

DONA U 17.24 0.10e3.03a 1.54 � 1.33 e

L 17.24 0.11e4.03a 2.10 � 1.3 e

LT 31.04 0.74e4.14ab 2.54 � 1.10 e

C 20.69 0.27e3.03b 1.53 � 1.13 e

Post-fermentation AFB1
B U 17.24 0.012e0.052a 0.033 � 0.013 15.52

L 13.79 0.006e0.061ab 0.030 � 0.020 8.62
LT 12.07 0.010e0.056b 0.035 � 0.017 10.34
C 12.07 0.002e0.054b 0.033 � 0.017 10.34

OTAA U 8.62 0.007e0.027 0.018 � 0.008 e

L 8.62 0.020e0.040 0.029 � 0.007 e

LT 22.41 0.001e0.040 0.007 � 0.011 e

C 10.34 0.003e0.004 0.003 � 0.000 e

FB1
B U 17.24 0.22e10.00a 4.25 � 2.82 e

L 15.52 0.27e8.92ab 4.04 � 3.28 e

LT 15.52 2.01e9.72b 5.44 � 2.55 e

C 15.52 0.30e3.42b 1.60 � 1.20 e

DONB U 17.24 0.22e10.00a 4.25 � 2.82 e

L 18.97 0.27e8.92ab 3.67 � 3.08 e

LT 39.66 0.11e9.72b 4.77 � 2.83 e

C 24.14 0.15e3.42b 1.61 � 1.12 e

Sampled sections of the silo: U: upper; L: lower; C: center; LT: laterals.
Limits: 0.02 mg g�1 AFB1 (GMP, 2008), 0.25 mg g�1 OTA, 50 mg g�1 FB1, 12 mg g�1 DON (EU, 2006).
A,B,a,bValues indicated with different letters are significantly different according to ANOVA (P < 0.05* for pre and post-fermentation samples) and LSD test (P < 0.05* for U, L, C
and LT). The difference between pre and post-fermentation samples was analyzed separately for each toxin and indicated with A, B. The difference between the sections of the
silo was analyzed for each toxin within the same group of samples (pre or post-fermentation samples) and was indicated with a, b.
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fermented silage samples was higher that in pre-fermented
samples. In contrast, P. griseofulvum, P. funiculosum and
F. graminearumwere isolated only in pre-fermented samples. Most
A. flavus and A. parasiticus and strains isolated in this study were
able to produce AFB1 in vitro. Ochratoxigenic strains of A. niger
aggregate (22.37%) were also isolated from the samples increasing
the risk of contamination of the substrate. Likewise, El-Shanawany
et al. (2005) isolated ochratoxigenic A. niger aggregate and afla-
toxigenic A. flavus and A. parasiticus strains among other toxigenic
species from corn silage samples collected in Egypt.

Aflatoxin B1 contamination was detected in all sampled areas of
the silos e U, L, LT and C e and, after the silo was cut, each layer
showed several samples that exceeded the permitted limit for AFB1
in cattle feeds (20 mg g�1) (GMP, 2008). Aflatoxin B1 contamination
frequency and levels were higher on post-fermentation silage
samples when compared to pre-fermented samples. This suggests
that Aspergillus section Flavi and AFB1 contaminationwas enhanced
during storage. Ensiling process is supposed to minimize fungal
contamination since pH is reduced to an unfavorable acid condition
and oxygen is consumed to anaerobiosis. However, bad storing
condition and practices during the ensiling process or even after
a silo is cut for feedout, can lead to this kind of contamination.
González Pereyra et al. (2008) reported that pre-fermentation corn
silage samples showed no AFs contamination, whereas post-
fermentation 17% of the samples were naturally contaminated
with AFB1 and 67% of them showed levels over 20 mg kg�1.

In the present study, OTA levels did not exceed the limit
proposed for cereal derived feedstuffs (0.25 mg g�1) (EU, 2006).
These results thus concur with other authors who did not detect
significant levels of this mycotoxin in corn silage (Richard et al.,
2007, 2009; El-Shanawany et al., 2005). Reyes-Velázquez et al.
(2008) found 4.4e5.8 mg g�1 OTA in corn silage samples from
Mexico.

Fumonisin B1 and DON were also detected in levels that were
all below the recommended limit by the UE for ruminant feed-
stuffs (50 mg g�1 for FB1 and 12 mg g�1 for DON) (EU, 2006).
Fumonisin B1 and DON levels increased during storage, being
higher in post-fermentation samples. Likewise, González Pereyra
et al. (2008) reported that FB1 and DON levels were higher in
post-fermentation silage when compared to pre-fermentation
samples. However, FB1 levels in these samples were up to
2.49 mg g�1. Similarly, Kim et al. (2004) detected FB1 levels in corn
silage up to 1.82 mg g�1. Even though cattle do not appear to be
extremely sensitive to FBs and FB1 levels found in silage are
generally low, most silage is made from annual crops and there
can be variations in quality from year to year. Moreover, the
presence of F. verticillioides in this substrate increases the risk of
significant contamination in poorly managed silages. Deoxy-
nivalenol levels found in our study were comparable to those
found by other authors (Richard et al., 2007; Reyes-Velázquez
et al. 2008).

The present study reveals toxigenic fungi and their myco-
toxins are present in corn silage intended for bovine feeding in
Brazil. Determination of mycotoxin levels and their frequency of
occurrence in corn silage as well as in other raw materials and
feedstuffs is important to provide information so that the
assessments of risk for animal feed and livestock environment
can be made.
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