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Introduction

Molds capable of producing mycotoxins present in raw mate-
rials will contaminate the final compound into which they are
incorporated, such as mixed feeds. Because fungal and myco-
toxin contamination of feed can lead to nutrient losses and
can have detrimental effects on animal health and production,
it is necessary to control their mycological quality. Aflatoxins
are a group of secondary metabolites produced by the com-
mon molds Aspergillus flavus and A. parasiticus. Horse expo-
sure to aflatoxins, particularly to aflatoxin B1 (AFB1) is cha-
racterized by decreased feed intake, loss of body weight, liver
damage, centrilobular hepatic disease, brain, kidney and
heart damage (Hintz 1990). The Fusarium species of greatest
concern are those that produce mycotoxins in cereal grains
used in animal feed, such as corn. Fumonisins are mycotoxins
implicated in equine leukoencephalomalacia (ELEM) and por-
cine pulmonary edema and have been shown to promote can-
cer in rats (Harrison et al. 1990, Marasas et al. 1988). The
mycobiota and the level of mycotoxin contamination in animal
feed has been monitored worldwide (Magnoli et al. 1998, Sia-
me et al. 1998, Sydenham et al. 1992). However, a detailed
study of mycobiota and mycotoxins contamination in equine
feed has not been done. The purposes of this study were: 1) to
investigate the fungal biota in equine mixed feeds and 2) to
determine the aflatoxin B1 (AFB1) and fumonisin B1 (FBT1)
natural contamination of this substrate.

Materials and methods

Pelletized, non-pelletized and oat samples from equine cen-
ters located in Rio de Janeiro, Brazil, were gathered at ran-
dom every month from June 2003 to March 2004. Quanti-
tative enumeration of fungal propagules was done according
to Magnoli et al. (1998). Aliquots (0.1 ml) were inoculated in
triplicates onto dichloran rose bengal chloranphenicol agar
(DRBC), dichloran 18% glycerol agar (DG18) and dichloran
chloranfenicol peptone agar (DCPA). The results were expres-
sed as CFU per gram of sample. Aspergillus species frequen-
cy was defined as the percentage of samples in which each
species was present. They were identified according to Klich
and Pitt (1994), Pitt and Hocking (1997) and Samson et al.
(2000). A commercially available enzyme-linked immunosor-
bent assay (ELISA) kit (Beacon Analytical Systems Inc., Port-
land, USA) was applied to separate and quantify AFB1 and
FB1. Mycotoxins extraction and tests (ELISA) were performed
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according to manufacturer’s instructions. A critical compari-
son between high-performance liquid chromatography
(HPLC) and ELISA was carried out. The separation and quan-
tification of AFB1 and FB1 by HPLC was done according to
the methodology proposed by Ribeiro et al. (2005) and She-
phard et al. (1990) and modified by Doko et al. (1995),
respectively.

Results

Equine feeds fungal colony counts (CFU g-1) from equine
centers are shown in Table 1.

Table 1 Equine feed total fungal counts (CFU g-1) obtained
from different equine centers.

. Culture media
Equine centers
samples DRBC (CFU g*') DG18 (CFU g )
Range Mean value Range Mean value
1 |chs 6x10°-4.8x10° 1.2x10° 1.8x10*-3.8x10° 1x10°
| Feed 1x10°-1x10° 3.4x10° 1x10°-1x10° 3.3x10°
2 <1x10*-1.2x10* 5x10° 3x10°-3.4x10° 1.2x10°
3 < 1x10°-4x10* 8x10° <1x10°-5x10* 1x10*
4 51x10°-1.3x10* 9x10° <1x10°-1.4x10* 5x10°
5 (non-pelletized) 1.3x10°-=2x10° 1x10° 1.2x10*-8x10* 4x10*

Feed DRBC counts ranged between less than 1 x 102 to 4 x
104 CFU g! with mean values from 3.4 x 103 to 9 x 10* CFU
g'. The highest values were obtained from non-pelletized
feeds and oats, which ranged between 1.3 x 10% to 2 x 10°
CFU g' and 6 x 10% to 4.8 x 10° CFU g'! respectively.
Counts of xerophilic fungi (DG18) ranged between less than
1 x 10210 1 x 10° CFU g'. Non-pelletized feed counts were
higher than pelletized feeds. Oat counts from DG18 ranged
between 1.8 x 10* to 3.8 x 10% CFU g with a mean value
of 1 x 10° CFU g'. Seven fungal genera were identified. The
most frequent isolated genus was Aspergillus spp. and its tele-
omorphs (40.54%) followed by Penicillium spp. (18.38%) and
Fusarium spp. (16.22%). Alternaria spp. and Cladosporium
spp., among other genera, were isolated in smaller frequen-
cy. The most prevalent Aspergillus spp. was A. flavus (36%).
In decreasing order A. niger (16%), A. candidus (16%), A.
ochraceus (8%), A. puniceus (8%), A. fumigatus (4%), A. cae-
spitosus (4%), A. flavipes (4%) and A. tamarii (4%). Aflatoxin
B1 and FB1 determined by ELISA method is shown in Table 2.

Table 2 Equine feed AFB1 (mg kg-1) and FB1 (mg g-1) natu-

ral contamination.

Equine Aflatoxin B, (ug kg') Fumonisin B, (ug g”')
centers
Range Mean levels Range Mean levels

samples

1 0.01 -5.46 3.01 0.01-0.41 0.19

2 0.91 - 6.66 4.79 0.24 - 4.40 1.53

3 0.48 -99.4 22.13 0.01-7.49 2.17

4 4.06-11.23 5.10 0.53-6.26 2.91

5 2.02 - 8.35 4.04 0.01 - 3.00 1.14

Values ranged between 0.01 to 99.4 mg kg' and AFBI]
mean levels ranged from 3.01 to 22.13 mg kg'. Fumonisin
B1 levels ranged between 0.01 to 7.49 mg kg-1. They varied
between 0.19 to 2.91 mg kg'. HPLC and ELISA methods
showed a positive correlation for AFB1 and FB1 determina-
tions (r=0.9851 and r= 0.9791, respectively) (Fig. 1 and 2).

Discussion

Equine feeds used for equine nutrition were analyzed for fun-
gal biota and natural contamination of AFB1 and FB1. In this
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Fig 2 Correlation between ELISA and HPLC methods for fumo-
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Fig 1 Correlation between HPLC and ELISA methods for afla-
toxin production.

study, the fungal colony counts gave moderate values which
did not achieve the maximum limit proposed (10° CFU g') to
ensure food hygienic quality. The present results might sug-
gest a relation between some of mycotoxin producer genus
frequencies and the occurrence of their related mycotoxin.
Aspergillus spp., Penicillium spp. and Fusarium spp. were the
most prevalent genera isolated. A. flavus was the most fre-
quent species isolated. It includes potential aflatoxin produ-
cers. The frequency of aflatoxicogenic strains shows the
potential risk of aflatoxigenic production in equine feeds.
Fumonisin B1 in feedstuff suggests that potentially fumonisin
producers among Fusarium spp. could be present. The
recommended maximum concentration of total fumonisins in
corn and corn by-products is 5 ppm for equids (FDA adviso-
ry guidelines 2001). In general, all feedstuffs have an action
level of 20 ppb. In this work, some samples from equine cen-
ter 3 had higher AFB1 levels than the established limit (20
ppb). In contrast, FB1 levels did not exceed the limit levels.
This study showed good agreement between the methods
tested (ELISA and HPLC). The amounts of toxins detected in
our country on feedstuff, except one equine center, were lower
than the regulation limit established. It is also necessary to
establish maximum limits of fungal counts of potential AFs
and FBs species since the presence of toxin-producing fungi
is a possible risk. These data from Brazil would be of interest
worldwide.
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