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Colonization of feedstuffs and agricultural commodities by mycotoxins producer
moulds is a significant problem worldwide. Contamination of feed ingredients, increases
the risk of contamination of the finished products such as manufactured commercial feeds.
Studies evaluating the risk of mycotoxins in the equine environment are scarce. The aims
of this study were to evaluate the mycobiota present in commercial equine feeds and to
determine total aflatoxins(AFs) and fumonisins (FBs). Thirty samples of 21 commercial
equine feeds were collected at random from 5 different equestrian centers located in Rio
de Janeiro, Brazil. Total fungal counts (CFU g') of equine feeds ranged from not detectable
(ND) to 1.3 x 10° CFU/g onto DRBC medium. Penicillium spp. (52%) was the prevalent
genera, followed by Aspergillus spp. (32.5%). Aspergillus niger aggregate (60%) and
Aspergillus flavus (22%) showed the highest relative densities. Thirteen Penicillium spp.
were isolated. All samples (100%) were contaminated with AFs at levels that varied
between 1 and 44 ug/Kg. The 65% of these samples were positive to FBs contamination
at levels ranging from 0.2 to 8.5 ug/g. Monitoring mycological and mycotoxicological
quality of feed ingredients and commercial feedstuffs used in equine husbandry are critical
for improving animal production and performance.
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RESUMO. A colonizagdo de matérias-primas e pro-
dutos agricolas por fungos produtores de micotoxinas
¢ um problema significativo em todo o mundo. A
contaminag¢do dos ingredientes das racdoes aumenta
o risco do produto acabado como as ragdes comerci-
ais manufaturadas. Estudos avaliando o risco de
micotoxinas no ambiente eqiiino sdo escassos. Os
objetivos deste estudo foram avaliar a micobiota pre-
sente em ragdes comerciais para eqliinos e determi-
nar aflatoxinas (AFs) e fumonisinas (FBs) totais.
Trinta amostras de 21 marcas comerciais foram co-
letadas, ao azar, de 5 diferentes centros hipicos loca-
lizados no Rio de Janeiro, Brasil. As contagens to-
tais de fungos (UFC g') das ragdes de equinos apre-
sentaram intervalos entre ndo detectado (ND) a 1,3
x 10° UFC/g no meio DRBC. Penicillium spp. (52%)
foi o género prevalente, seguido por Aspergillus spp.
(32,5%). Aspergillus niger agregados (60%) e
Aspergillus flavus (22%) apresentaram as maiores
densidades relativas. Treze espécies de Penicillium
foram isoladas. Todas as amostras (100%) estavam
contaminadas com AFs com niveis que variaram
entre 1 e 44 ug/Kg. Um total de 65% das amostras
estavam positivas para a contaminagao por FBs com
niveis que variaram entre 0,2 a 8,5 ug/g. O monito-
ramento micoldgico e micotoxicologico da qualida-
de dos ingredientes e ragdes comerciais usados na
alimentacdo eqliina sdo criticos para incrementar a
producao e performance animal.

PALAVRAS-CHAVE. Eqiiinos, ra¢gdes, micobiota, micotoxi-
nas.

INTRODUCTION

Colonization of feedstuffs and other agricultural
commodities by mycotoxins producer moulds is a
significant problem worldwide. Mycotoxins are
mould secondary metabolites that have detrimental
effects on humans, animals and crops, resulting in
illness and economic losses (Hussein & Brasel,
2001). Mould and mycotoxin contamination of crops
and grainsused as feed ingredients, increases the risk
of contamination of the finished products such as
manufactured commercial feeds.

Aflatoxins (AFs) - produced by Aspergillus flavus
and A. parasiticus - frequently contaminate a wide
variety of inadequately stored food commodities.
They are carcinogenic and they are potent liver toxins
(Cast, 2003). Aflatoxin B, - the most prevalent - has
been classified as 1B human carcinogen by the In-
ternational Agency for Research on Cancer (larc,
2002). In horses, AFs exposure has lead to many

clinical symptoms including body weight loss, liver
damage and centrilobular hepatic disease among
others (Angsubhakorn et al., 1981; Bortell et al.,
1983; CAST, 2003). Several outbreaks of acute
equine aflatoxicosis have been reported
(Angsubhakorn, 1981; Aller et al., 1981; Bortell et
al., 1983; Vesonder et al., 1991).

Fumonisins (FBs) are a family of mycotoxins
produced primarily by Fusarium verticillioides and
F. proliferatum that are prevalent contaminants in
corn (EHC, 2000). Fumonisin B, can cause
leucoencephalomalacia in horses (Marasas et al.,
1988), porcine pulmonary edema (PPE) in pigs
(Harrison et al., 1990), hepatoxicity and kidney
cancer in rats (Gelderblom et al., 1988; IARC, 2002).
Equine leucoencephalomalacia (ELEM) is a
neurotoxic disease typified by staggers, stupor,
lameness and seizure (due to brain necrosis) and
death (Newman & Raymond, 2005).

The nature of the horse farm makes the equine
different from other livestock species. They are not
bred for growth or meat yield and they have longer
lifespan. In most cases horses are bred for athletic
performance, conformation, temperament, beauty
and/or durability (Newman & Raymond, 2005).
Studies evaluating the risk of mycotoxins in the
equine environment are scarce. Recently, we have
reported the first research on fungi and significant
mycotoxins in equine feed in Brazil and Argentina
(Keller et al., 2007; Gonzalez Pereyra et al., 2007).
The equine population in Brazil has increased in the
latter years, being over 5.8 millions by 2003 and most
of them were located in the Southeast region. One of
the main activities involving horses is athletic
performance. There is a great interest in conducting
studies so that performace of these animals can be
improved.

The aims of this study were 1) to evaluate the
mycobiota present in commercial equine feeds and
2) to determine total AFs and FBs, the main
mycotoxins that affect equine health in the Rio de
Janeiro, Brazil.

MATERIALS AND METHODS

Feed samples

Thirty samples of 21 commercial equine feeds
were collected at random from April 2006 to March
2007, from 5 different equestrian centers located in
Rio de Janeiro, Brazil. The samples were grouped
according to manufacturer in: light effort (LE),
moderate efforts (ME) and intense effort (IE), based
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in the composition according to the kind of animal
they were intended.

The primary samples (4 kg each) were
homogenized and quartered to get 1 kg laboratory
samples. An aliquot of 10 g was separated for the
analysis of the mycobiota and the rest was milled
and stored at 4°C for mycotoxins analyses.

Mycological survey

Total mould counts of equine feed samples were
performed onto dichloran rose bengal
chloranphenicol agar (DRBC) (water activity (a,,)
0.99), that is a general media used for estimating to-
tal culturable mycobiota (Abarca et al., 2001),
dichloran 18% glycerol agar (DG18) (a,, 0.97), which
has low a, and favours xerophilic fungi development
(Pitt & Hocking, 1997) and Nash Snyder agar (NSA),
that is a selective medium for Fusarium species.
Quantitative enumeration of fungal propagules in
solid media was done using the surface-spread
method. 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~
to 10*) were made and 0.1 ml aliquots were
inoculated in duplicates onto the media described
above. The plates were incubated at 25°C for 7-10
days. Only plates containing 10-100 colony-forming
units (CFU) were used for counting, with results
expressed as CFU per gram of sample. On the last
day of incubation, individual CFU/g counts for each
colony type considered to be different were recorded.
Colonies presumable to be Fusarium spp. were
transferred to tubes containing V8 juice agar (V-8J)
and Petri dishes containing carnation leaf agar (CLA)
and other colonies were transferred to tubes
containing malt extract agar (MEA). Fungal genera
and species were identified according to Klich
(2002), Nelson et al. (1983) and Samson et al. (2000).
The results were expressed as isolation frequency (%
of samples in which each genera was present) and

relative density (% of isolation of each species among
strains of the same genera).

Mycotoxin analyses

Total aflatoxins and fumonisins were quantified
in equine feed samples using commercial enzyme-
linked immunoassay (ELISA) kits (Beacon
Analytical Systems Inc.). The procedure was done
following the manufacturer’s directions. Samples
were extracted with a mixture of methanol and water
into a blender and then filtered. The filtrate was tested
for total aflatoxins and fumonisins content using the
immunoassay method.

RESULTS

Mycological survey

Total fungal counts (CFU g') of equine feeds
ranged from not detectable (ND) to 1.3 x 10° CFU/g
in LE, from ND to 6 x 10° CFU/g in ME and from
ND to 1.0 x 10° CFU/g in IE feeds onto DRBC
medium. Total fungal counts performed onto DRBC,
DG18 and Fusarium spp. counts performed onto
NSA medium are shown in Table 1. Results were
similar when compared counts from both culture
media (P<0.05). The highest counts were found in
LE feed samples. Penicillium and Aspergillus were
the prevalent genera and were found at high counts
especially in DG18 medium.

Penicillium spp. (52%) was the most frequently
isolated genera, followed by Aspergillus spp.
(32.5%). Other genera — Moniliella spp., Eurotium
spp., Cladosporium spp., Fusarium spp., Rhizopus
spp., Mucor spp. — were isolated with lower
frequencies (Figure 1).

A total of six Aspergillus species were isolated
from the equine feeds. Aspergillus niger aggregate
(60%) showed the highest relative density, followed
by Aspergillus flavus (22%) (Figure 2). Thirteen
Penicillium spp. were isolated from these samples,
being P. corylophilum the prevalent species (20 %),

Table 1. Total fungal counts ranges and mean values found in three different

categories of commercial equine feeds.

Feed category Total fungal counts ranges (CFU/g)
DRBC DGI18 NSA
Light effort ND - 1.7 x 10° ND - 3.8 x 10° ND - 0.9 x 10*
(n=15) (Mean = 1.3 x 10%) (Mean =2.7x 10°)  (Mean= 0.9 x 10%)
Moderate effort ND - 0.6 x 10* ND-2.2x 10* ND - 0.2 x 10*
(n=08) (Mean = 1.5 x 10%) (Mean=0.5x 10*)  (Mean= 0.4 x 10%)
Intense effort ND - 1.0x 10° ND-1.0x 10° ND - 1.0 x 10?
(n=07) (Mean = 0.3 x 10%) (Mean=0.3x 10°)  (Mean=0.1x 10%)

ND: not detectable. Limit of detection: 10> CFU g™'.
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Figure 1. Isolation frequency (%) of the different fungal genera found

in commercial equine feed samples collected in Rio de Janeiro,
Brazil.
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Figure 2. Relative density (%) of the different Aspergillus spp. found
in commercial equine feed samples collected in Rio de Janeiro,
Brazil.

followed by P. fellutanum and P. funiculosum (14%
each) (Figure 3).

Mycotoxins analyses

Mycotoxins levels detected in the different analyzed
equine feeds are shown in Table 2. All of the samples
(100%) were contaminated with AFs at levels that
varied between 1 and 44 ug/Kg (ppb). The 65% of
these samples were positive to FBs contamination at
levels that varied from 0.2 to 8.5ug/g (ppm).
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Figure 3. Relative density (%) of the different Penicillium spp. found
in commercial equine feed samples collected in Rio de Janeiro,
Brazil.

Table 2. Total aflatoxins (AFs) and fumonisins (FBs) level ranges
detected in commercial equine feed samples.

Mycotoxins Level range Contaminated samples (%)
AFs 1 -44 ng/Kg 100
FBs ND - 8.5 ng/g 63
ND: not detected.
DISCUSSION

The mycobiota present in commercial equine feed
and the main mycotoxins that affect equine health
were studied during this research. Total fungal counts
found in some of the analyzed commercial feeds
exceeded the hygienic quality limit proposed for ani-
mal feeds and feed ingredients (1 x 10* CFU/g) (Gmp,
2008). These results are comparable with those
obtained in previous studies performed in Brazil and
Argentina where total fungal counts ranged from < 1
x 10?to > 1 x 10° in equine feeds and raw materials
used as feedstuffs (Gonzalez Pereyra, et al., 2007;
Keller et al., 2007). Most samples of commercial
feeds analyzed in this study showed lower fungal
counts probably due to pelletization process. It is
known that high temperatures, humidity and pressure
characteristics of the pelletization process destroy
most of the conidia present in feed. The presence of
high counts in finished palletized feed suggests the
utilization of poor quality ingredients in the
manufacturing of the feed.

Though counts were low, potentially toxigenic
species — A. flavus and A. nigger aggregate — were
isolated from these substrates. These species have
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already been isolated from equine feedstuffs in
previous studies (Gonzalez Pereyra et al., 2007;
Keller et al., 2007). The presence of ochratoxin A
was not evaluated in this study and 100% of the
analyzed samples were contaminated with AFs
suggesting a direct relation between the presence of
the producer fungi and the natural occurrence of the
toxin in the feed. None of the samples exceeded the
maximum tolerated levels for total AFs (50 ppb)
(FAO, 2004). Yet, the toxin was present. Aflatoxins
and FBs co-occurred in 63% of the samples. A
synergistic toxic response may be possible in animals
when simultaneous exposure occurs (Leung et al.,
2006). Only one sample (3%) showed FBs levels
higher than the limits recommended by the UE (5
ppm) (Official J EU, 2006). Even though the levels
were low, the presence of the toxin indicated the
producer fungi were indeed contaminating the feed
and that the product was exposed to environmental
conditions for FBs production. During the sampling
period, from October 2005 to March 2006, high mean
temperatures were registered, between 28° and 40°C.
This excessive heat may have been the factor that
restricted Fusarium spp. proliferation, resulting in
low counts in NSA medium.

The results obtained in the present study indicate
the importance of mycological survey for estimating
potential toxicological problems in equine feeds.
Official limiting values of mycotoxins have not been
established for horses in particular as they have been
for other animals such as poultry and dairy cows.
However, it is known that low levels of exposure
over long periods can elicit chronic or sub-chronic
toxicological manifestations affecting performance
or breeding ability without the appearance of overt
signs of disease (Newman & Raymond, 2005).
Monitoring mycological and mycotoxicological
quality of feed ingredients and commercial feedstuffs
used in equine husbandry are critical for improving
animal production and performance.
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