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Abstract

Mycotoxins are products resulting from fungi metabolism normally present in the environment and which can develop
in food. The aim of this study was the fungi quantification, aflatoxin detection and investigation of ergot alkaloids
occurrence in pelleted feed for adult equines during storage. The feed samples were collected from three rural
properties with equideoculture activity in the city of Teresina, Piaui, Brazil. The results showed that was no significant
difference (p<0.05) for the counting of colony-forming units (CFU/g) of filamentous fungi and yeasts in the samples.
Aflatoxins B1, B2, G1 and G2 were found in acceptable amounts and the other fungal metabolites: ergometrine,
griseofulvin, festuclavin, ergine and lysergol. Concluding, the results of this study demonstrate that amount of
filamentous fungi and the water activity present in the original package remain constant after six days of storage. Four
types of aflatoxins were found: AFB1, AFB2, AFG1, AFG2 and the Ergot alkaloids: ergine, ergometrine, festuclavine,
griseofulvin and lisergol in amounts within acceptable limits. These groups of toxic compounds produced by fungi
can be present in equine feed and may lead to a risk to their health.

Keywords: Fungi; Mycotoxins; Ergometrine; Griseofulvin; Festuclavin.

Resumo

As micotoxinas sdo produtos resultantes do metabolismo de fungos normalmente presentes no ambiente e que podem
se desenvolver nos alimentos. O objetivo desse trabalho foi fazer a quantificacdo de fungos, deteccdo de aflatoxinas e
pesquisar a ocorréncia de alcaléides de Ergot em racfes peletizadas para equinos adultos durante estocagem. As
amostras de ragdo foram coletadas de trés propriedades rurais com atividade de equideocultura da cidade de Teresina,
Piaui, Brasil. Os resultados mostraram que ndo houve diferenca significativa (p<0,05) para contagem de unidades
formadoras de coldnias (UFC/g) de fungos filamentosos e leveduras das amostras. Foram encontrados Aflatoxinas B1,
B2, G1 e G2 em quantidades aceitaveis e os outros metabolitos fungicos: ergometrina, griseofulvina, festuclavina,
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ergina e lisergol. Concluindo, os resultados deste estudo demonstram que a quantidade de fungos filamentosos e a
atividade de 4gua presentes na embalagem original permanecem constantes ap6s seis dias de armazenamento. Quatro
tipos de aflatoxinas foram encontrados: AFB1, AFB2, AFG1, AFG2 e os alcaldides do Ergot: ergina, ergometrina,
festuclavina, griseofulvina e lisergol em quantidades dentro dos limites aceitaveis. Esses grupos de compostos toxicos
produzidos por fungos podem estar presentes na alimentacdo de equinos e podem representar um risco a satde.
Palavras-chave: Fungos; Micotoxina; Ergometrina; Griseofulvina; Festuclavina.

Resumen

Las micotoxinas son el resultado del metabolismo de los hongos hormalmente presentes en el medio ambiente y que
pueden desarrollarse en los alimentos. El objetivo de este estudio fue la cuantificacion de hongos, la deteccién de
aflatoxinas y la investigacion de la presencia de alcaloides del cornezuelo de centeno en piensos granulados para
equinos adultos durante el almacenamiento. Las muestras de alimento se recolectaron de tres propiedades rurales con
actividad de equideocultivo en la ciudad de Teresina, Piaui, Brasil. Los resultados mostraron que no hubo diferencia
significativa (p <0.05) para el recuento de unidades formadoras de colonias (UFC / g) de hongos filamentosos y
levaduras en las muestras. Las aflatoxinas B1, B2, G1 y G2 se encontraron en cantidades aceptables y los otros
metabolitos flngicos: ergometrina, griseofulvina, festuclavina, ergina y lisergol. En conclusion, los resultados de este
estudio demuestran que la cantidad de hongos filamentosos y la actividad del agua presentes en el paquete original
permanecen constantes después de seis dias de almacenamiento. Se encontraron cuatro tipos de aflatoxinas: AFB1,
AFB2, AFG1, AFG2 y los alcaloides Ergot: ergina, ergometrina, festuclavina, griseofulvina y lisergol en cantidades
dentro de limites aceptables. Estos grupos de compuestos toxicos producidos por hongos pueden estar presentes en la
alimentacion de los equinos y pueden suponer un riesgo para su salud.

Palabras clave: Hongos; Micotoxina; Ergometrina; Griseofulvina; Festuclavina.

1. Introduction

Equines are animals that have nutritional requirements determined primarily for maintenance energy composition and
also for performing physical activities. The determination of these animals feeding should be balanced and the appropriate
proportions should be well-adjusted. The horses should consume daily foods with dry matter content proportional to their
weight, the expected performance, as well as related to their physiological state and level of physical activity exerted (Ribeiro
et al., 2009; Santos et al., 2012).

In the equine feed industry, there is an increasing demand in quality control, and this concerns several parameters
related to the constitution of the food, balance, equilibrium, palatability, digestibility, and acceptability of these products by the
animals. However, the main characteristic of a food is in relation to its safety, since contamination poses a risk to animal health
(Hillmann et al., 2015).

Food contamination by fungi can compromise animals’ health because these microorganisms that are widely
distributed in the environment are able to reduce the nutritional value and, depending on the species, can produce toxic
secondary metabolites that cause diseases in animals (Silva et al., 2015).

Mycotoxins are products resulting from fungi metabolism, so they are secondary metabolites that can affect both
human and animal health. They are usually present in the environment in which they develop, where the most common are
foods based on grains, cereals and feeds. The harvesting, processing and storage of grains used in animal feed are critical
control points to obtain safe and quality feed. The environmental factors contributing to the mycotoxins occurrence are mainly
temperature, environment, high humidity of the substrate associated with processing, production or storage, as well as the type
of food (Ferreira, 2012; Dias et al., 2020).

Climate change favors fungal development and consequently the mycotoxins production. The study of cereals
contamination that constitute the diet basis is extremely important because, besides being a tool of health surveillance, it will
provide data related to the presence of mycotoxins in food and feed (FAO/WHO, 2011).

The main fungi responsible for grains deterioration in the pre-harvest and also during the storage belong to the genera:
Alternaria, Aspergillus, Fusarium, Penicillium, Rhizoctonia and Stachybotrys. Among them, the genera Aspergillus,

Penicillium and Fusarium stand out because they are considered of greater importance in the food and feed contamination, and
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because they are the largest producers of mycotoxins. Among the main damages caused to stored grains due to fungi
development are: fermentation, changes in color, appearance of stains, alterations in odor and taste, chemical changes, losses
of dry matter, reduction of germinative power and production of mycotoxins (Cardoso Filho et al., 2013).

The ergot alkaloids are important fungal secondary metabolites which production occurs in fungi sclerotia of the
genus Claviceps (known as spur or ergot), especially of the species Claviceps purpurea, in which they have peptide alkaloids
divided into two alkaloid structural groups of amino acids (ergotamine) and amine alkaloids and related compounds (lysergic
acid and ergometrine). These compounds are responsible for the poisoning caused by the ingestion of contaminated product by
these fungi, known as ergotism, and popularly called poisoning by Ergot, St. Anthony fire, holy fire, etc (Haschek et al., 2002;
Mori; Nascimento junior; Miranda, 2013).

The aim of this study was the fungi quantification, aflatoxin detection and investigation of other metabolites

occurrence in pelleted feed for adult equines during storage.

2. Methodology
Collection of Samples

The samples of pelleted feed for adult horses were collected from three rural properties (hamed "A, B and C") with
equideoculture activity in the city of Teresina, Piaui, Brazil (WGS84: 5° 5 '20 "'S, 42° 48' 7 "W). Sampling began with one
collection after the feed bag opening in each property, then two more samples were taken three days apart and repeated three
times this process. Approximately 200g of samples were collected directly from the feed packages which were factory sealed
and were opened at the time of the first collection.

The management of the rural properties surveyed were similar and had the same form of feed supply and storage. The
feed provided was pelleted with milled corn, soybean meal, laminate corn, corn bran, laminate oats, vitamins, and minerals.

After each collection, the samples were sent directly to the laboratory for microbiological analysis in University of
Federal of Piaui (UFPI). The samples were aseptically divided into two equal subsamples of approximately 100g each and
transferred to plastic bags of first use. One of the subsamples was stored under experimental conditions to simulate the
remaining packaging in the property, being analyzed after the third and on the sixth day of the first collection. The other

subsample was analyzed immediately (control).

Water activity (Aw)
Water activity (Aw) was determined using a reading apparatus Decagon Pawkit digital model. From each sample,
individual portions of approximately 10g were removed and were transferred to the plastic container of the apparatus. Then,

after coupling of the deposit and stabilization, the panel was read directly (Decagon Devices, 2016).

Isolation of microorganisms

In the laboratory, a 259 portion of the feed was aseptically transferred to a flask containing 225 mL of peptone water
0.1% to form the initial dilution (101). From this, serial decimal dilutions up to 10-3 were prepared (Silva et al., 2010).

From the previously prepared dilutions, aliquots of 0.1 mL were transferred into Petri dishes containing Potato
dextrose agar (PDA) with tartaric acid 10%. After that, the inoculum was spread all over the surface of the agar using Drigal ski
handle (Pitt; Hocking, 2009). The PDA plates were incubated at 25 °C for seven days in the absence of light. The fungal
counts were performed on plates that presented between 10 and 100 CFU/g (Dalcero et al., 1997; Dalcero et al., 1998).
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Determination of aflatoxins and other metabolites

For the determination of aflatoxins and other metabolites from the feed samples, only the samples collected on the
first day and the sixth day of collection were selected, in order to evaluate if the samples were already contaminated with
aflatoxins/other metabolites or if they were acquired by the contamination of fungi mycobiota from the feed after opening of
the equine feed bag.

For the aflatoxins extraction, it was used the methodology proposed by by Soares and Rodriguez-Amaya (1989),
modified by Teixeira et al. (2008).

The content determination of Aflatoxin B1, B2, G1 and G2 and of the other metabolites was performed by ultra-high
performance liquid chromatography coupled to high efficiency mass spectrometry - LC-MS.

Chromatographic analyzes were performed using an Ultra Performance Liquid Chromatography (UPLC) of Shimadzu
brand, equipped with a 50mm x 2.0mm i.d., 2.2 pm particle size, oven temperature maintained at 40 °C. The mobile phase
employed was water (Grade LC-MS) containing formic acid 0.1% A) and methanol (Grade LC-MS) containing formic acid
0.1% (v/v, eluent B). The flow rate employed was 200 puL.min-1, containing 5.0% of eluent B for one minute, followed by a
gradient of 5.0 to 98.0% of eluent B for up to 12 min, returning to 5.0% of eluent B for four minutes for column

reconditioning.

Statistical analysis
The research was carried out using the randomized block design with factorial 3x3 (three properties, three
collections). The quantitative results (counts) were transformed into logarithms for normality test, Kruskal-Wallis variance

analysis and correlation, significance of p<0.05. The qualitative results (presence) were analyzed by the Chi-square test (32).

3. Results and Discussion

In the analyzed samples, there was no significant difference (p<0.05) for counting of colony-forming units (CFU/g) of
filamentous fungi and yeasts, between days or storage conditions, either in the rural farms visited or in the laboratory (Table 1).

That is, the amount of filamentous fungi presents in the original package remained constant until the sixth day of storage.

Table 1. Counts of filamentous fungi and yeasts in pelleted feed for equines.

Place Counts of filamentous fungi and yeasts CFU/g*
Rural properties storage (in days)

1t day 3" day 6" day
A 3,65 4,10 4,49
B 5,00 5,04 5,17
C 4,19 4,55 4,14
Averages 4,282 4,562 4,602
Place Laboratory storage (Control) (in days)
3" day 6™ day
A 3,31 4,43
B 4,17 5,00
C 4,51 3,88
Averages 4,002 4,432

CFU/g in log10**! = colony-forming units per gram in logarithms of base ten minus one; * The averages followed by the same
letter do not differ statistically from each other (P>0,05). Source: Authors.
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Good Manufacturing Practices (2016) recommends standard values for counts of filamentous fungi and yeasts in
animal feed inferior than 6.00 CFU/g in log10. Thus, it can be verified that the analyzed feed samples had fungi counts within
the recommended values. Contamination can be associated with sample conditions and failures in the production chain and
may compromise product quality.

The values of filamentous and yeast fungus counts obtained in equine feed (Table 1) were similar to those of the
experiment performed by Santos (2011), that analyzed feeds for broiler chickens, which samples presented averages between
3.0 and 5.23 CFU/g in log10. Probably because the initial contamination of the raw material was not inactivated by the pellet
processing of the feed.

It was observed that there was no significant difference (p>0.05) in the water activity analysis between the control
group samples and the samples that were stored in the laboratory or in the rural properties (Table 2). Farmers used commercial
rations packaged by the factory in low-density polyethylene packages. Due to its impermeability, this material favored that the

ration maintained stable humidity until the moment of the use.

Table 2. Water activity in pelleted feed for equines.

Place Water activity (Aw)
Ee Rural properties storage (in days)
15t day 3 day 6" day
A 0,67 £ 0,02 0,67 +£0,03 0,67 £ 0,03
B 0,67 £ 0,04 0,70 £ 0,04 0,69 £ 0,02
C 0,73+0,01 0,62+ 0,01 0,68 + 0,04
Averages 0,692 0,662 0,682
Place Laboratory storage (Control) (in days)
3" day 6™ day
A 0,67 £ 0,02 0,67 +0,02
B 0,66 = 0,04 0,66 £ 0,04
C 0,70+ 0,03 0,70+ 0,01
Averages 0,672 0,672

The averages followed by the same letter do not differ statistically from each other, by the Normality Test (p<0,05). The
mean comparison test was not applied because the interaction F was not significant. Source: Authors.

The water activity (Aw) is related to the amount of water molecules available in the substrate particles, essential for
the synthesis of microorganisms. In general, the minimal Aw for the growth of filamentous fungi is 0.80; for yeast is 0.88; for
xerophilic fungi and osmofilic yeasts is 0,61 (Pinto et al., 2006; Melo Filho; Vasconcelos, 2011). In the experiment by Gabbi et
al. (2011), it was observed Aw values ranging from 0.61 to 0.70 in the equine feed samples. These values were close to those
of the analyzed feed samples in which the values ranged from 0.66 to 0.73 (Table 2). These Aw levels disfavored the growth of
most of the fungi, however the xerophilic fungi and osmofilic yeasts would be able to develop in the feeds studied.

In the analyzed samples, four types of aflatoxins were present: AFB1, AFB2, AFG1, AFG2 (Table 3).
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Table 3. Detected levels of aflatoxins (ug/kg) in pelleted feed samples for equines.
Aflatoxins (ug/Kg)

Sample AFB1 AFB2 AFG1 AFGz ol (hg/kg)
Al ND ND ND ND ND
A2 ND ND ND ND ND
A3 ND ND ND ND ND
Ad ND ND ND ND ND
A5 ND 25 ND ND 25
A6 ND 0,9 ND ND 0,9
A7 ND ND ND ND ND
A8 ND 05 ND ND 0,5
A9 ND ND ND ND ND
A10 ND ND ND ND ND
All ND ND ND ND ND
A12 ND ND ND 01 01
A13 0,2 ND ND 16 18
Al4 ND 31 ND ND 31
A15 ND ND ND 11 11
A16 0,7 ND ND 31 38
A17 ND ND ND 2.7 2.7
Al8 ND 2.2 0.9 ND 31

ND: not detected. AF: Aflatoxins. Source: Authors.

According to the results obtained (Table 3), 10 samples (55%) showed the presence of aflatoxins: two samples with
AFB1 (11%), five samples with AFB2 (27%), one sample with AFG1 (5.5%), and five samples with AFG2 (27%). It also can
be observed that three samples contained more than one type of aflatoxin. Given the results, the presence of aflatoxins in the
samples can probably be explained by favorable conditions for the development of the mycotoxin-producing fungi in the
evaluated periods and storage conditions, and the fungal growth in the samples may also be inherent to the intrinsic
contamination from the feed raw material.

European Union legislation uses the recommendation for aflatoxin B1 levels at a maximum of 20 ppb for animal
feeds, except for young animals (EU, 2002). The Food and Drug Administration (2001) established the maximum acceptable
limits in food for the sum of Aflatoxins (B1, B2, G1 and G2) at 20 pg/kg. In the samples evaluated, the quantifications were
relatively low, ranging from 0.1 to 3.1 pg/kg between samples, and the sum of total aflatoxins (B1 + B2 + G1 + G2) with a
variation of 0.1 to 3, 8. It means that all samples are within the parameters established by current legislation.

The results showed that the rural property "C" had the largest number of aflatoxins contaminated samples,
representing six samples. The rural properties "A" and "B", each had two samples with aflatoxin. The large percentage in the
rural property "C" reflects the feed quality and the storage conditions.

The feed sample (16) of the rural property "A" presented the highest levels of aflatoxin quantification with a total of
3.8 ng/kg, with 0.7 of AFB1 and 3.1 of AFG2 (Table 3). The figure below (Figure 1) shows the chromatogram with the AFB1
and AFG2 mycotoxin identification curve of the sample (16). this simultaneous detection of aflatoxins in the samples is

indicative of the level of contamination and preservation of the sample.
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Figure 1. Chromatogram of the sample (16) with the AFB1 and AFG2 aflatoxins.

AFBI1

Source: Authors.

Although the aflatoxins quantification is within the limits established by the legislation, the presence of these
metabolites is a risk, in which, in most cases, it can be found in foods in a very low concentration (ng/g) in a way that do not
cause changes in the organoleptic properties, such as taste and odor. Therefore, it is difficult for consumers to notice, so only
effective work by the competent authorities will be able to prevent possible intoxications (Caldas et al., 2002).

Other factors that show the relevance of these metabolites study in agricultural products are that food from animal
origin may also be contaminated due to the consumption of contaminated food by animals, which carries indirectly a risk of
human intoxication. Results of laboratory evaluations carried out in the last 10 years by the Laboratory of Mycotoxicological
Analyzes (Laboratério de Analises Micotoxicoldgicas - LAMIC) on samples of the main ingredients used in animal nutrition
(corn, wheat, rice, wheat bran, rice bran, soybean meal, silage and the feed itself) revealed an average prevalence of 41% for
aflatoxins (Mallmann, 2014).

Aflatoxins have a hepatotoxic, carcinogenic and immunotoxic effect, and the liver is the target organ of aflatoxicose
action in the animal and human organism. Scientific studies show that normally young animals are most affected. The main
clinical signs are appetite loss, lethargy, weakness and death. Among the metabolites analyzed, aflatoxin B1 (AFB1) is
considered to be the most important in the food area due to its high hepatotoxic capacity and higher concentrations in the
substrates (Mallmann; Dikin, 2011).

In the research of other metabolites in the feed samples, five types of chemical compounds were identified: ergine,

ergometrine, festuclavine, griseofulvin, and lisergol (Table 4).
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Table 4. Ergot alkaloids found in pelleted feed samples for equines.

Samples origin

Metabolites Formula Prop. A Prop B Prop C
Ergine C16H17N30 13 ND 5,15e17
Ergometrine C19H23N30> 11 ND ND
Festuclavin Ci6H20N2 2,13e16 4,7e18 17
Griseofulvin C17H17ClOs ND ND 8
Lisergol C16H1sN20O ND ND 15
Total 5 3 6

ND: not detected. Prop.: rural properties. Source: Authors.

It was found in 11 samples of the different rural properties analyzed, in which some were detected in more than one
sample, a total of 14 identified metabolites. The rural property C had the highest number of metabolites found, with six,
followed by property A, with five, and property B presented in only three samples. It also important to note the presence of
festuclavin in six of the samples and of ergin in four samples (Table 4). These metabolites are characterized as Ergot alkaloids
and are potentially produced by mycotoxigenic plants and fungi.

The European Union encourages values for the maximum amounts of sclerotia (fungus resistance structure) tolerated
in animal food of 1g/kg, corresponding to ergot alkaloids in rye at feed concentration of approximately 1,5-6,5 g/kg (EU,
2002).

In a study conducted by Liesener et al. (2010), in 21 rural properties creators of equines, with a total of 62 equine feed
samples, showed that the samples had the presence of ergotamine alkaloids in a generic total of 30 mg/kg, equivalent to 132%.
These values are considered high and represent a great danger to the animals that ingest in those substances in their feeding.
Fayrer-hosken et al. (2013), with the objective of investigating the alkaloids effect on the reproductive functions of six
stallions, provided a diet with and without toxic seeds of fescue (toxic plant rich in alkaloids) over a period of 70 days. The
authors concluded that rye ergot alkaloids decreased gel free volume with consumption of high levels of alkaloids, with
statistically significant effects on reproductive stallion spermogram. He concluded that feeding with the presence of toxic

compounds such as alkaloids can lead animals to serious illnesses and also to death.

4. Conclusion

The amount of filamentous fungi and the water activity present in the original package remain constant after six days
of storage. Four types of aflatoxins were found: AFB1, AFB2, AFG1, AFG2 and the Ergot alkaloids: ergine, ergometrine,
festuclavine, griseofulvin and lisergol in amounts within acceptable limits. These groups of toxic compounds produced by
fungi can be present in equine feed and may lead to a risk to their health. In future research | suggest the investigation of these

metabolites in feed with consideration of external and internal factors.
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