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ROSSI, C. N. Avaliacdo do risco de exposicao de frangos de corte e galinhas poedeiras a
contaminacdo natural por fumonisinas e aflatoxinas. 2011. 122 f. Dissertagdo (Mestrado
em Biotecnologia) — Universidade Estadual de Londrina, Londrina. 2011.

RESUMO

O Brasil ¢ o terceiro produtor mundial de aves e o lider em exportagdes. No entanto, a
contaminagdo de milho e ragdes por micotoxinas pode acarretar grandes perdas econdmicas a
industria avicola. As micotoxinas estdo associadas a problemas de saude humana e animal e,
ao serem metabolizadas pelos animais podem ocorrer em carne, ovos e leite. Dentre elas,
destacam-se as aflatoxinas, devido a elevada toxicidade e as fumonisinas, por serem as
micotoxinas de maior ocorréncia em milho e derivados. Portanto, é necessario o
desenvolvimento de métodos sensiveis e rapidos de deteccdo de micotoxinas, visando o
controle de qualidade dos produtos destinados ao consumo humano e animal. Os métodos
imunoenzimaticos como os enzyme-linked immunosorbent assays (ELISAs) destacam-se por
serem rapidos, especificos e permitirem a analise de varias amostras por ensaio. Entretanto,
no Brasil, hd a dependéncia de importagdo de kits de ELISA comerciais. Assim,
investimentos na produ¢do de imunoreagentes constituem uma alternativa para reducao de
tempo e custos. Este estudo teve como objetivos padronizar e validar intra-laboriatorialmente
um ELISA competitivo indireto (ic-ELISA) para deteccao de aflatoxinas em ragdes destinadas
a aves, assim como avaliar o risco de exposi¢do de frangos de corte e galinhas poedeiras a
fumonisinas e aflatoxinas. Um ic-ELISA baseado em anticorpo monoclonal anti-aflatoxina
B; (AcM anti-AFB;) foi padronizado, validado e seu desempenho foi comparado com a
cromatografia liquida de alta eficiéncia (CLAE) e kit de ELISA comercial. O ic-ELISA
apresentou linearidade adequada (R* = 0,994) e limites de detecgdo e quantificagio de,
respectivamente, 1,25 ¢ 1,43 ng g (racdo para frangos de corte) e de 1,41 e 1,75 ng g’
(racdo para galinhas poedeiras). Os parametros de repetibilidade e precisdo intermediaria
apresentaram desvios padrao relativos médios menores que os recomendados pela
Commission of the European Communities (CEC), os quais foram de 8,03% e 11,58% (ragao
para frangos de corte) e 6,94% e 12,49% (rac¢do para galinhas poedeiras). Quanto a exatidao,
as taxas de recuperacao de aflatoxinas variaram de 90% a 107% (racdo para frangos de corte)
e de 98% a 103% (racdo para galinhas poedeiras) situando-se entre os valores recomendados
pela CEC. A andlise por CLAE, ic-ELISA e ELISA comercial detectou aflatoxinas em 88,2%,
88,2% e 100% das amostras de racdo para frangos de corte (n = 34) e em 92%, 92% e 97,2%
das amostras de ra¢do para galinhas poedeiras (n = 36). Os coeficientes de correlacdo linear
entre CLAE-ic-ELISA foram de 0,97 ¢ 0,98; entre CLAE-ELISA comercial de 0,76 ¢ 0,93; ¢
entre ELISA comercial-ic-ELISA de 0,82 e 0,95, considerando as analises de ragdo de frangos
de corte e de galinhas poedeiras, respectivamente. A maioria das ragcdes destinadas a frangos
de corte (52,9%) e a galinhas poedeiras (61,1%) apresentou razdes ic-ELISA/CLAE entre
0,81 e 1,8. Paralelamente, foram avaliados a contaminacao fungica e os niveis de fumonisinas
(FB; + FB,) e aflatoxinas em quatro tipos de ragdes (pré-inicial, inicial, engorda e abate)
destinadas a frangos de corte (n = 158) coletadas em uma granja comercial na regido norte do
Estado do Parand e em racdes destinadas a galinhas poedeiras (n = 98) coletadas na granja
experimental da Universidade Estadual de Londrina, nos periodos de junho a agosto e de
janeiro a dezembro de 2010, respectivamente. A determinacdo da contaminagdo fungica foi
realizada pelo método “Pour plate” empregando Agar Batata Dextrose (BDA), enquanto que
os niveis de fumonisinas e aflatoxinas foram determinados por CLAE e por ic-ELISA,



respectivamente. Aspergillus spp. e Penicillium spp. foram os géneros de maior prevaléncia
(97 a 100%) nos quatro tipos de ragdo destinadas a frangos de corte, enquanto Fusarium spp.
foi detectado em menores frequencias que variaram de 11% para ragdo pré-inicial a 30,3%
para racdo de abate. FB; e FB, foram detectadas em 100% das amostras de racao pré-inicial
(médias de 0,41 ¢ 0,27 pug g™') e inicial (médias de 0,45 ¢ 0,16 pg g"); em 91,9% (média =
0,48 pg g') e 81,1% (média = 0,23 pg g"') nas amostras de ragdo de engorda e em 91%
(média = 0,40 pg ') e 45,5% (média = 0,23 pg g"') nas amostras de ragio de abate. Ndo
houve diferenca significativa pelo teste de Tukey (p < 0,05) nos niveis médios de fumonisinas
entre os quatro tipos de ragdo, sendo que predominaram baixos niveis da micotoxina (0,1 a
1,0 pg g). Aflatoxinas foram detectadas em 44% das amostras pré-inicial (média = 2,33 ng g
", em 55% das amostras de ragdo inicial (média = 5,70 ng g'), em 85% das amostras de
engorda (média = 6,27 ng g') e em 82% das amostras de abate (média = 3,65 ng g),
respectivamente. Entretanto, a maioria das amostras (93%) apresentou niveis abaixo de 6,0 ng
g”'. Néo houve diferenca significativa pelo teste de Tukey (p < 0,05) nos niveis médios de
aflatoxinas entre os quatro tipos de racdo. Considerando os maiores niveis de FB; detectados
nos quatro tipos de racao, foi calculado o consumo méximo diario provavel desta toxina. Para
todos os tipos de ragdo estes valores foram inferiores ao LOAEL (lowest observed adverse
effect level) tolerado para frangos de corte segundo a European Food Safety Authority
(EFSA). Com relacdo as aflatoxinas, 97% das amostras apresentaram niveis abaixo do limite
considerado seguro pela EFSA. Nas amostras de ra¢do destinadas a galinhas poedeiras,
Fusarium spp. foi o género de maior prevaléncia (99%), seguido por Penicillium spp. (97%) ¢
Aspergillus spp. (90%). Os niveis de fumonisinas variaram de 0,20 a 5,06 pg g (média =
1,47 ug g'), no entanto, a maioria das amostras (67,4%) apresentou baixos niveis de
fumonisinas (0,03 a 2,0 ug g). FB, foi detectada em 89,8% das amostras (média = 0,87 ug g
1, enquanto FB, foi detectada em 78,6% das amostras (média = 0,49 pg g"). Aflatoxinas
foram detectadas em 71,4% das amostras (média = 12,37 ng g'l), no entanto, a maioria das
amostras positivas (53%) apresentou niveis abaixo de 5,0 ng g'. Em 61,2% das amostras
houve co-ocorréncia de fumonisinas e aflatoxinas. O maior nivel de fumonisinas detectado
neste estudo foi 12 vezes menor que o valor de LOAEL, enquanto que 84,3% das amostras
apresentaram niveis de aflatoxinas abaixo do limite considerado seguro pela EFSA.
Considerando a alta frequencia de contaminagdo das amostras de ra¢do por fumonisinas e
aflatoxinas, torna-se essencial o monitoramento continuo da contamina¢ao de milho e racoes
por micotoxinas ao longo de toda a cadeia produtiva a fim de minimizar as perdas econdmicas
e os riscos a saude humana e animal. O ic-ELISA padronizado e validado demonstrou
sensibilidade, confiabilidade e uma boa correlagio com o HPLC, apresentando potencial para
triagem de aflatoxinas em amostras de ragdo para aves.

Palavras chave: Micotoxinas. Fumonisinas. Aflatoxinas. Ragdes. Frangos de corte.

Galinhas poedeiras. Risco de exposi¢do. Enzyme-linked immunosorbent
assay (ELISA).



ROSSI, C. N. Evaluation of broiler and laying hen exposure degree to natural fumonisin and
aflatoxin contamination. 2011. 122 f. Dissertation (Master’s degree in Biotechnology) — State
Univerty of Londrina, Londrina, 2011.

ABSTRACT

Brazil is the world’s third largest producer of chickens and the leading exporter. However,
mycotoxin contamination in corn and feed can cause serious economic losses to the poultry
industry. Mycotoxins have been linked to human and animal health risks, and, additionaly,
when metabolized by animals may occur in meat, eggs and milk. The main groups of
mycotoxins associated to corn crop include aflatoxins, due to the high toxicity, and
fumonisins because they are the most frequent mycotoxins in corn and derivatives. Therefore,
the development of sensitive and rapid mycotoxin detection methods is essential for quality
control of products intended for human and animal consumption. Alternative approaches
include the immunoenzymatic methods such as enzyme-linked immunosorbent assays
(ELISAs) because they are fast, specific and allow the analysis of a large number of samples
per assay. However, Brazil is dependent on importation of commercial ELISA kits. Thus,
investments in immunoreagent production can reduce time and costs. The aims of this study
were to standardize and intra-laboratorially validate an indirect competitive ELISA (ic-
ELISA) for detection of aflatoxins in poultry feeds, and assess the exposure degree of broilers
and laying hens to fumonisins and aflatoxins. An ic-ELISA based on anti-aflatoxin B; (MAb
anti-AFB;) monoclonal antibody was standardized, validated and its performance was
compared to high performance liquid chromatography (HPLC) and commercial ELISA kit.
The ic-ELISA showed adequate linearity (R* = 0.994) and detection and quantification limits
of, respectively, 1.25 and 1.43 ng g (broiler feed) and of 1.41 and 1.75 ng g (laying hen
feed). The repeatability and intermediate precision parameters showed mean relative standard
deviations lower than the recommended values by the Commission of the European
Communities (CEC), which were 8.03% and 11.58% (broiler feed) and 6.94% and 12.49%
(laying hen feed). Concerning accuracy the aflatoxin recovery rates ranged from 90% to
107% (broiler feed) and from 98% to 103% (laying hen feed) and these values were in
accordance with those recommended by the CEC. The HPLC, ic-ELISA and commercial
ELISA analysis detected aflatoxins in 88.2%, 88.2% and100% of broiler feed samples (n =
34) and in 92%, 92% and 97.2% of laying hen feed samples (n = 36). The linear correlation
coefficients between HPLC and ic-ELISA were 0.97 and 0.98; 0.76 and 0.93 between HPLC
and commercial ELISA kit; and 0.82 and 0.95 between commercial ELISA and ic-ELISA for
broiler and laying hen feed analysis, respectively. Most of broiler (52.9%) and laying hen
(61.1%) feed samples showed ic-ELISA/HPLC ratio between 0.81 and 1.8. In addition, the
mycoflora and fumonisin (FB; + FB,) and aflatoxin levels were evaluated in four feed types
intended for broilers (n = 158), collected from a poultry breeding in Northern Parana State,
and in 98 feed samples intended for laying hens collected at the Experimental Farm of the
State University of Londrina, from June to August and from January to December 2010,
respectively. Mycoflora contamination was accessed by “Pour plate” method using Potato
Dextrose Agar (PDA), whereas fumonisin and aflatoxin levels were determined by HPLC and
ic-ELISA, respectively. Aspergillus sp. and Penicillium sp. were the prevalent genera (97 to
100%) for the four feed types, while Fusarium sp. was detected at lower frequencies of
contamination ranging from 11% for pre-starter to 30.3% for finisher feed types. FB, and FB,
were detected in 100% pre-starter (means of 0.41 and 0.27 pg g™') and starter (means of 0.45
and 0.16 pg g™ feed samples; in 91.9% (mean = 0.48 ug g ') and 81.1% (mean = 0.23 ug g")



of grower feed samples and in 91% (mean = 0.40 pg g) and 45.5% (mean = 0.23 pg g') of
finisher samples. There was no significant difference by the Tukey test (p < 0.05) in the mean
fumonisin levels among all the feed types and most samples showed low fumonisin levels (0.1
to 1.0 ug g). Aflatoxins were detected in 44% pre-starter (mean =2.33 ng g'), in 55% starter
samples (mean = 5.70 ng g), in 85% grower (mean = 6.27 ng g') and in 82% finisher (mean
=3.65ng g ), respectively. However, most of samples (93%) showed levels below 6.0 ng g™
There was no significant difference by the Tukey test (p < 0.05) in the mean levels of
contamination among all the types of feed. Considering the highest FB; levels detected in the
four types of feed, the probable maximum daily intake of this toxin was calculated. For all the
types of feed the values were below the LOAEL (lowest observed adverse effect level) for
broilers according to the European Food Safety Authority (EFSA). Concerning aflatoxins,
97% of positive samples showed levels below the safety limit according to the EFSA. In
laying hen feed samples Fusarium sp. was the prevalent genera (99%), followed by
Penicillium sp. (97%) and Aspergillus sp. (90%). Fumonisin levels ranged from 0.20 to 5.06
ng ¢! (mean = 1.47 pg g™), but most samples (67.4%) showed low fumonisin levels (0.03 to
2.0 pg g™). FB; was detected in 89.8% samples (mean = 0.87 pg g'), while FB, was detected
in 78.6% samples (mean = 0.49 pg g). Aflatoxins were detected in 71.4% of samples (mean
=12.37 ng g"), however, most samples (53%) showed levels below 5.0 ng g and 61.2% of
samples showed co-contamination by fumonisins and aflatoxins. The highest fumonisin level
detected in this study were 12-fold lower than the LOAEL, whereas, 84.3% samples showed
aflatoxin levels below the safety limit according to the EFSA. Considering the high frequency
of fumonisin and aflatoxin contamination, the continuous monitoring of corn and feed
mycotoxin contamination throughout the producing chain is essential in order to minimize
economic losses and human and animal health risks. The ic-ELISA standardized and validated
showed sensitivity, reliability and good correlation with HPLC, indicating its potential for
aflatoxins screening in poultry feed.

Keywords: Mycotoxins. Fumonisins. Aflatoxins. Feed. Broilers. Laying hens. Exposure
degree. Enzyme-linked immunosorbent assay (ELISA).
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1 INTRODUCAO

Nas ultimas trés décadas, a avicultura brasileira tem apresentado altos
indices de crescimento. O Pais tornou-se o terceiro produtor mundial e lider em exportagao
abastecendo 142 paises. Fatores como manejo adequado do avidrio, sanidade, alimentagdo
balanceada, melhoramento genético e producdo integrada contribuiram para aperfeicoar a
produtividade no setor (MAPA, 2011).

No ano de 2010, o Estado do Parand, maior produtor nacional, foi
responsavel por 28,5% do total de frangos abatidos e por 26,2% das exportagdes
(SINDIAVIPAR, 2010). Quanto ao setor de ovos comerciais, o Estado foi o terceiro maior
produtor nacional com um plantel de poedeiras de cerca de 5,6 milhdes de aves e producao
correspondente a 7,5% da produc¢ado do pais (UBA, 2010).

No Brasil, cerca de 70% a 80% do milho produzido ¢ destinado a
alimenta¢do animal. Destes, na industria ragdes, estima-se que 51% sdo direcionados ao setor
avicola, 33% a suinocultura, 11% a pecudria, principalmente a leiteira, e 5% para outros
animais (NUNES, 2008). Entretanto, o milho estd exposto a contaminagdo por fungos
produtores de micotoxinas ao longo de toda cadeia produtiva, podendo acarretar grandes
perdas a industria avicola (CAST, 2003).

As micotoxinas sao metabdlitos secundarios toxicos, produzidos por fungos
filamentosos, associados a problemas de satide humana e animal (CAST, 2003). Por
apresentarem, de modo geral, grande estabilidade quimica, podem persistir no alimento
mesmo apos a inativacao dos fungos pelos processos usuais de industrializacdo e embalagem
e, ao serem metabolizadas pelos animais podem ocorrer em carne, ovos e leite (CAST, 2003).

Os principais grupos de micotoxinas associadas a esta cultura incluem as
aflatoxinas, produzidas principalmente por Aspergillus flavus e A. parasiticus, devido a sua
elevada toxicidade (DIENER et al. 1987) e as fumonisinas, cujos principais produtores sao
Fusarium verticillioides e F. proliferatum, por serem as micotoxinas de maior ocorréncia em
milho e derivados (THIEL; MARASAS, 1991).

Em aves, fumonisinas e aflatoxinas podem acarretar aumento no peso de
figado, rim, pro-ventriculo ¢ moela, necrose multifocal hepatica, hiperplasia biliar, diarréia,
imunossupressdo e diminui¢ao no consumo de racdo, ganho de peso, enzimas séricas, massa
das penas, da producdo e peso dos ovos (BROWN, ROTTINGHAUS, WILLIAMS, 1992;
OLIVEIRA et al., 2001; SKLAN, KLIPPER, FRIEDMAN, 2001; CAST, 2003; GIACOMINI
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et al., 2006), e adicionalmente a co-ocorréncia dessas toxinas pode resultar na
potencializagdo dos danos causados ao figado e rins (DEL BIANCHI et al., 2005).

A melhor estratégia para o controle da contaminagdo de milho e ragdes por
micotoxinas ¢ a prevencdo da infec¢do pelo fungo e da producdo de micotoxinas no campo,
transporte e armazenagem. Portanto, ¢ imprescindivel o desenvolvimento de métodos praticos
e especificos de detec¢do de micotoxinas, visando o controle de qualidade dos produtos
destinados ao consumo humano e animal.

Na andlise de micotoxinas em ragdes e alimentos os métodos mais
comumente empregados incluem cromatografia de camada delgada (CCD), cromatografia
liquida de alta eficiéncia (CLAE), cromatografia gasosa (CG), espectrometria de massa e
ensaios imunoenzimaticos como os enzyme-linked immunosorbent assay (ELISAs) (CAST,
2003, KOLOSOVA et al., 2006). Em geral, os métodos cromatograficos e de espectrometria
de massa, apesar da especificidade e sensibilidade apresentam desvantagens, uma vez que sao
laboriosos, possuem custo elevado, consomem muito tempo para a execucdo da andlise,
requerem procedimentos de pré-limpeza durante a extragdo da micotoxina da matriz,
equipamentos sofisticados e exigem pessoal técnico qualificado (KOLOSOVA et al., 2006).
Por outro lado, os métodos imunoldgicos ndo requerem instrumentagdo sofisticada, permitem
a analise de varias amostras por ensaio (KRSKA et al., 2008), sdo rapidos, especificos,
sensiveis e portateis (ZHENG et al., 2005). Entretanto, os kits de ELISA comerciais
apresentam custo elevado e em muitos paises, como no Brasil, hd a dependéncia de
importagdo (DEVI et al., 1999), assim investimentos na producdo de imunorreagentes
constituem uma alternativa para reducao de tempo e custos.

A contaminag¢do de ra¢des para aves com aflatoxinas e fumonisinas tem sido
reportada em todo mundo (WANG et al., 1995; OLIVEIRA et al., 2006; BEG et al., 2006).
Levando em consideragdo que as micotoxinas ndo podem ser removidas pelo processamento
industrial e que a exposi¢ao cronica dos animais pode acarretar sérios prejuizos economicos €
colocar em risco a qualidade de carne, ovos e derivados, levantamentos sobre a contaminagao
de micotoxinas em graos e ragdes sdo de grande importancia. Assim, este estudo teve por
objetivos padronizar e validar, intra-laboriatorialmente, um ELISA competitivo indireto para
ser empregado na deteccao de aflatoxinas em amostras de racao para aves bem como avaliar o
risco de exposicdo de frangos de corte e galinhas poedeiras a fumonisinas e aflatoxinas de

ocorréncia natural.
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2 REVISAO DE LITERATURA

2.1 MICOTOXINAS

As micotoxinas sdo metabdlitos secundarios, produzidos por fungos
filamentosos que se desenvolvem naturalmente em alimentos, capazes de originar uma ampla
variedade de efeitos toxicos a animais e ao homem (SMITH; MOSS, 1985). Constituem um
grupo diversificado de compostos organicos de baixa massa molecular, que possuem tanto
estruturas quimicas quanto propriedades fisicas, quimicas e toxicologicas variadas
(NORRED, 2000).

A exposi¢do a micotoxinas ocorre, predominantemente, por meio da
ingestdo de alimentos e ragdes contaminados (CHU, 1991), no entanto, a intoxicag¢do por via
dérmica e por inalagdo também pode ocorrer (CAST, 2003). Milho, trigo, cevada, arroz,
aveia, nozes, leite, queijo, amendoim e algoddao sdo produtos que apresentam maior
frequéncia de contamina¢do (ZHENG; RICHARD; BINDER, 2006).

Ressalta-se, ainda, o fato das toxinas apresentarem, de modo geral, grande
estabilidade térmica e quimica, permitindo sua persisténcia no alimento mesmo apods a
inativacao dos fungos pelos processos usuais de industrializagdo e, ao serem metabolizadas
pelos animais podem ocorrer em carne, ovos e leite (CAST, 2003).

As micotoxinas de maior ocorréncia em cereais sdo as aflatoxinas,
produzidas por fungos do género Aspergillus como A. flavus e A. parasiticus; as ocratoxinas,
produzidas por Aspergillus ochraceus e diversas espécies do género Penicillium; e as
fusariotoxinas, que possuem como principais representantes os tricotecenos, a zearalenona e
as fumonisinas, produzidas por diversas espécies do género Fusarium (SMITH; MOSS,
1985); BULLERMAN; BIANCHINI, 2007).

A contaminacao dos graos por micotoxinas muitas vezes € um processo
aditivo, iniciando-se no campo e sendo potencializada durante a colheita, secagem e
armazenagem (CAST, 2003). Embora as espécies de Fusarium sejam classificadas como
fungos de campo, produtores de micotoxinas antes ou imediatamente apos a colheita, as
espécies de Penicillium e Aspergillus sao mais comumente encontradas durante a secagem e
armazenagem (SWEENEY; DOBSON, 1998).

Os dois principais fatores que influenciam no crescimento de fungos e na

produgdo de micotoxinas, tanto nos periodos de pré quanto pds-colheita, sdo temperatura e



21

umidade. Estes exercem efeitos diretos sobre a ecologia e patogenicidade do fungo e muitas
vezes sao importantes na predisposi¢ao da planta a infeccao (CAST, 2003). Adicionalmente,
durante a armazenagem, outros fatores importantes sdo atividade de agua, aeracdo,
temperatura do substrato, concentragdes de inoculo, interagdes microbianas, danos mecanicos
dos graos e infestagao por insetos (CAST, 2003).

No entanto, uma vez que as micotoxinas sao produzidas por uma
diversidade de fungos que diferem quanto a morfologia, bioquimica e nichos ecoldgicos, ndo
¢ possivel descrever um conjunto Unico de condi¢des favoraveis a sua producdo (CAST,
2003).

As enfermidades causadas por micotoxinas sdo denominadas micotoxicoses
e seus efeitos gerais sobre a saude animal e humana sdo dependentes da dose e toxicidade da
micotoxina, tempo de exposi¢cdo, espécie, raca, género e idade, sendo que, em geral,
individuos jovens sdao mais suscetiveis que adultos (BENNETT; KLICH, 2003; CAST, 2003).
As micotoxicoses sdo caracterizadas por sindromes difusas, no entanto, apresentam
predominio de lesdes em determinados 6rgaos, como figado, rins, tecido epitelial e Sistema
Nervoso Central. Contudo, a co-ocorréncia de duas ou mais micotoxinas pode conduzir a
potencializagdo dos efeitos toxicos sobre o organismo suscetivel (ROSMANINHO;
OLIVEIRA; BITTENCOURT, 2001).

Embora animais e seres humanos sejam suscetiveis a esses efeitos, os
animais apresentam maior probabilidade de contaminacdo devido a ingestao de graos de baixa
qualidade (D'MELLO; PLACINTA; MACDONALD, 1999). Sendo assim, o maior problema
das micotoxicoses ¢ atribuido aos prejuizos relacionados a queda no desempenho produtivo
do animal (SMITH; MOSS, 1985).

As micotoxicoses podem ser de natureza aguda ou cronica. As
micotoxicoses agudas ocorrem quando os individuos consomem doses moderadas a altas de
micotoxinas e sdo caracterizadas, geralmente, por causar hepatite, hemorragia, nefrite, necrose
das mucosas digestivas e morte. A micotoxicose cronica ¢ a mais frequente, e ocorre quando
existe o consumo de doses moderadas a baixas. Nestes casos, os animais apresentam um
quadro caracterizado pela redugdo da eficiéncia reprodutiva, diminuicdo da conversdao
alimentar, da taxa de crescimento ¢ do ganho de peso. No entanto, os sinais clinicos podem
ser confundidos com outras doengas, inclusive as decorrentes desta micotoxicose, ou com

deficiéncias nutricionais (SMITH; MOSS, 1985).
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Com o aumento da demanda por alimentos, devido ao crescimento da
populagdo mundial, os riscos associados ao consumo de micotoxinas t€ém se elevado, uma vez
que, alimentos deteriorados por fungos potencialmente toxigénicos vém sendo consumidos ao

invés de descartados (NELSON; DESJARDINS; PLATTNER, 1993).

2.1.1 Aflatoxinas

2.1.1.1 Fungos produtores

As aflatoxinas constituem um grupo de metabolitos secundarios toxicos,
descobertos em 1960, apds provocarem um surto de micotoxicose em perus, na Inglaterra
(Turkey-X-disease), associado ao consumo de torta de amendoim na racdo (BLOUNT, 1961).
Milho, amendoim, algoddo, cevada, trigo, aveia, feijdo, soja, nozes, castanhas do Brasil, figo e
tabaco sdo culturas que apresentam maior frequéncia de contaminagao (DIENER et al., 1987;
BENNETT; KLICH, 2003).

As aflatoxinas sdo produzidas por fungos do género Aspergillus,
principalmente pelas espécies A. flavus Link ex Fries e A. parasiticus Speare e por espécies
encontradas em menor frequéncia como A. nomius, A. bombycis, A. ochraceoroseus e A.
pseudotamari (KURTZMAN; HORN; HESSELTINE, 1987; GOTO; WICKLOW, ITO,
1996; KLICH et al., 2000; PETERSON et al., 2001).

Na natureza, A. flavus é um dos fungos saprofitas mais abundantes ¢
amplamente distribuidos no mundo sendo milho, amendoim, algoddo, améndoas, pistache,
nozes e castanhas o Brasil culturas frequentemente suscetiveis a contaminagdo por aflatoxinas
(CAST, 2003). Cresce em ampla faixa de temperatura (12 a 48 °C), sendo que as temperaturas
otimas de crescimento situam-se entre 28 a 37 °C. Apresenta-se predominantemente na forma
de fungo filamentoso originando, sob condi¢des adversas, como seca e escassez de nutrientes,
esclerodios como estrutura de resisténcia (COTTY, 1988; YU et al., 2005).

O processo de infecgdo do milho por A. flavus pode ocorrer via
contaminagdo dos estigmas da planta por conidios carreados pelo vento ou por insetos ou,
quando as condi¢cdes ambientais forem favordveis, o fungo pode colonizar diretamente
sementes e espigas aderindo-se as suas superficies ou por meio de injurias causadas por

insetos (CAST, 2003).
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2.1.1.2 Estrutura quimica

Dentre os 16 andlogos estruturalmente relacionados, as quatro principais
aflatoxinas sao B; (AFB,), B> (AFB») G; (AFG,) ¢ G; (AFG;) sendo a AFB; ¢ AFB; as mais
comumente encontradas em produtos agricolas (GOLDBLATT, 1971; YU et al., 2005) (Figua
6). A AFB; ¢ o analogo mais frequente em substratos vegetais e o mais toxico, seguido por
Gy, B, e Gy com toxicidades de aproximadamente 50, 20 e 10% em relacio a AFB,,
respectivamente (LEESON et al., 1995). Adicionalmente, em leite e derivados, a aflatoxina
M, produto da metabolizacdo da AFB; por animais lactantes, ¢ a forma de maior ocorréncia
(Van EGMOND, 1989).

Dentre os fungos produtores de aflatoxinas, A. flavus e A. pseudotamarii
sintetizam apenas as aflatoxinas B; e B, enquanto que, A. parasiticus e A. nomius sao capazes
de sintetizar tanto AFB; ¢ AFB, quanto AFG; e AFG, (DO; CHOI, 2007). Ademais, A. flavus
sintetiza outros compostos toxicos como o acido ciclopiazdnico, acido kojico, acido B-
nitropropidnico, aspertoxina, aflatrem e acido aspergilico (YU et al., 2005).

As aflatoxinas sdo bisfuranos que podem conter anéis diidrofurano (AFB; e
AFG)) ou tetraidrofurano (AFB; ¢ AFG;) ligados a uma cumarina substituida (YU et al.,
2005) (Figura 1). As aflatoxinas da série B sdo caracterizadas por apresentar fluorescéncia
azul (425nm) e as da série G, fluorescéncia verde (540nm), sob radia¢do ultravioleta. Esta
propriedade ¢ amplamente utilizada para a deteccao de cepas aflatoxigénicas bem como para

detecgdo de aflatoxinas (DO; CHOI, 2007).

Figura 1 — Estrutura das aflatoxinas de ocorréncia natural.
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2.1.1.3 Biossintese

A via biossintética das aflatoxinas inicia-se com a conversao de acetil CoA a

uma unidade hexanoil iniciadora pela acdo de uma acido graxo sintase. Essa ¢ subsequentemente

estendida, pela a¢do de uma policetida sintase, originando o 4cido norsolorinico decacetida que ¢

o primeiro precursor estavel na biossintese das aflatoxinas. O policetideo sofre, entdo,

aproximadamente de 12 a 17 transformacgdes enzimaticas originando uma série de intermediarios

como a averantina, 5’-hidroxiaverantina, 5’-oxiaverantina, averufina, hidroxiversicolorona,

acetato hemiacetal versiconal, versiconal e versicolorina B. Posteriormente, a via divide-se

originando as aflatoxinas AFB; e AFG; a partir da dimetilesterigmatocistina, ¢ as AFB, e AFG; a

partir da diidroxidimetilesterigmatocistina (SWEENEY; DOBSON, 1998; SHIMA et al., 2009)

(Figura 2).

Figura 2 — Via biossintética das aflatoxinas.
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A contaminagdo das culturas com aflatoxinas pode ocorrer tanto no campo,
geralmente quando ocorre estresse hidrico, quanto durante a estocagem sob temperatura
elevada e baixa umidade (BENNETT; KLICH, 2003). As temperaturas 6timas para sintese de
aflatoxinas por A. flavus e A. parasiticus sao 35 °C ¢ ay, = 0,95 ¢ 33 °C ¢ ay, = 0,99,
respectivamente, sendo que, essas toxinas ndo sao sintetizadas em temperaturas abaixo de 7,5
°C ou acima de 40 °C (BARKAI-GOLAN, 2008). Em milho, altas temperaturas e estresse
hidrico sdo fatores que contribuem para o aumento nos niveis de contaminagao (CAST, 2003).

Outro fator que pode contribuir para contaminagdo com altos niveis dessas
toxinas € a injuria causada nos graos pela a¢do de insetos, como por exemplo, a broca do
milho européia (Ostrinia nubilalis), uma vez que favorece tanto a colonizagdo da espiga pelo

fungo bem como sua desidratacdo (PAYNE, 1998; CAST, 2003).

2.1.1.4 Mecanismo de agao

As aflatoxinas estdo associadas a toxicidade e carcinogenicidade em animais
e seres humanos (NEWBERNE; BUTLER, 1969; PEERS; LINSELL, 1973) sendo
classificadas pela International Agency for Research on Cancer (IARC) como carcindgenos
do grupo 1, i.e., carcinogénico para humanos. A AFB; ¢ considerada o mais potente
carcinogeno natural conhecido e, usualmente, ¢ o andlogo produzido em maior quantidade
pelas cepas toxigénicas (SQUIRE, 1981).

Os efeitos toxicos e cancerigenos da AFB; sdo manifestados somente apos
sua metabolizagdo, nos hepatdcitos, pela monoxigenase citocromo P-450 dependente (CYP).
Essa enzima catalisa o metabolismo oxidativo da AFB, resultando na formacado de varios
derivados hidroxilados como a AFM; (mais prevalente), AFQ; e AFP;, os quais possuem
menor toxicidade, bem como a formagdo do AFB;-8,9-epoxido (AFBO) o qual ¢ altamente
reativo. O efeito carcinogénico e mutagénico da AFB, ¢ atribuido a afinidade eletrofilica do
AFBO pelo DNA e proteinas resultando na formacdo de dois adutos macromoleculares
principais 0 AFB;-N’-guanina com o DNA e o AFBj-lisina com a albumina do soro
(COULOMBE, 1993; WANG et al., 1996; DOI; CHOI, 2007) (Figura 3).

A AFB; pode, também, ser reduzida por enzimas citosélicas soliveis
NADPH-dependentes originando o aflatoxicol, o qual, devido a reversibilidade desta reacdo, ¢

considerado uma forma de estoque de AFB;. Outros dois metabolitos relativamente atoxicos,
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porém produzidos em menor quantidade, sdo o aflatoxicol M; e aflatoxicol H; (COULOMBE,

1993; WANG et al., 1996; DOI; CHOI, 2007) (Figura 3).

Figura 3 — Esquema da metabolizacdo da aflatoxina B;. As linhas cheias representam
vias conhecidas,

hipotéticas.
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Os adutos AFB;-N’-Gua podem causar uma mutagio somatica pontual no

gene TP53, na terceira base do cddon 249, acarretando uma transversao GC para TA. Essa

mutagdo provoca a substitui¢do de uma arginina por uma serina na proteina p53 a qual possui

acao “supressora de tumor” (MENDY; WALTON, 2009). Sendo assim, se o dano ao DNA for

grave, os mecanismos dependentes da p53 podem iniciar apoptose conduzindo a morte

celular. A mutagdo somatica no gene TP53 estd intimamente associada ao risco de

desenvolver cancer de figado, sugerindo que mecanismos dependentes da p53 normalmente

agem para preservar a integridade genomica (MENDY; WALTON, 2009). Adicionalmente, a

AFB; pode atuar como alquilante do DNA resultando na formagao de sitios apurinicos devido

a perda de bases nitrogenadas, e, pode induzir a formagao de espécies reativas de oxigénio

(ROS) as quais promovem a oxidagdo do DNA (DOI; CHOI, 2007).
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O figado ¢ o 6rgdo mais afetado pela AFB;. As lesdes primarias a esse
orgdo incluem necrose hemorragica, infiltragcdo de acidos graxos e proliferagdo de dutos
biliares, sendo que, em patos e ratos a regido periportal ¢ o principal sitio de a¢do da toxina

(COULOMBE, 1993).

2.1.1.5 Efeitos toxicologicos em aves

As aflatoxinas podem provocar doengas hepdticas, alteragdes nas taxas de
crescimento, efeitos mutagénicos, carcinogénicos e teratogénicos em varias espécies de
animais, especialmente em aves domésticas (PIER, 1973; OLUBUYIDE, 1992).

Os efeitos toxicos das aflatoxinas sdo dependentes da dose e do tempo de
exposicdo, determinando, assim, intoxicagdes agudas ou cronicas. A sindrome téxica aguda
ocorre pela ingestdo de alimentos com alta concentragdo de aflatoxina, sendo os efeitos
observados em curto espaco de tempo. Caracteriza-se principalmente pela rapida deterioragao
do estado geral do animal, perda de apetite, hepatite aguda, ictericia, hemorragias e morte
(LEESON et al.,1995). Na aflatoxicose cronica, a qual ocorre de modo geral, a partir da
ingestao de alimentos contaminados com baixos niveis de aflatoxinas por um longo periodo
de tempo, o sinal clinico mais evidente ¢ a diminui¢do da taxa de crescimento dos animais
jovens e imunossupressao (LEESON et al., 1995). Essa doenga constitui a principal forma de
intoxicacdo em condig¢des naturais, ocasionando grandes perdas econdmicas (PIER, 1992).

No Brasil, o limite méximo permitido de aflatoxinas, segundo a portaria do
Ministério da Agricultura (1988), ¢ de 50 ug kg (AFB, + AFB, + AFG, + AFG,) para
qualquer produto utilizado na alimentag¢ao animal (BRASIL, 1988), enquanto que nos Estados
Unidos, segundo a FDA (2001), e na Unido Européia esse limite, para aves maduras, ¢ de 100
(somatorio dos 4 analogos) e 20 (AFB;) ug kg™, respectivamente (FAO, 2003).

Pintinhos com 2 dias de idade (n = 60) tratados, via oral, com 50 ¢ 100 ug
AFB; kg' de peso corporeo, durante 3 semanas, apresentaram decréscimo nos niveis de
colesterol e glicose plasmatica e da resisténcia do fémur a ruptura, e, aumento no peso e do
conteudo lipidico do figado no tratamento com a maior dose. Nos dois tratamentos foram
observados decréscimos nos niveis de albumina sérica, zinco, manganés e cobre hepaticos e

de aminodcidos livres no plasma (MAURICE; BODINE; REHRER, 1983).
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Em pintinhos (n = 40) tratados com 200, 400 e 800 ug kg™ de AFB,, por 35
dias, foram verificadas lesdes no figado e rim em todos os tratamentos e diminui¢do do peso
corporal no tratamento com a maior dose (SKLAN; KLIPPER; FRIEDMAN, 2001).

No estudo de Salle et al. (2001) foram determinados os niveis de aflatoxinas
em figados de frangos de corte (n = 432), com desenvolvimento abaixo da média do lote,
provenientes de uma integragdo avicola (24 criadores) do Rio Grande do Sul. As
concentragdes detectadas variaram de 0,54 pg kg a 2,41 pg kg', em amostras coletadas
durante a primavera e o outono, respectivamente. Adicionalmente, houve maior freqiiéncia de
contaminagdo apds as aves consumirem racao do tipo inicial 1, a qual permanece por maior
periodo estocada na propriedade (14 a 16 dias) em relacdo aos demais tipos de ragao,
sugerindo que quanto maior o tempo de estocagem maior ¢ a freqiiéncia de contamina¢do do
figado com aflatoxinas.

Em outro estudo com pintinhos (n = 240), 1 dia de idade, tratados com 3 mg
aflatoxinas kg'1 de ragdo (83% de AFB;; 9,5% de AFB,; 4,2% de AFGy; e 3,3% de AFG,),
durante 42 dias, foi observada diminui¢ao no consumo de ragdo e no ganho de peso das aves;
reducdo em 33,8% da massa das penas; aumento no peso do coracdo e figado; alteragdes
histopatologicas como degeneracao hepatica, com reacdo proliferativa ductal e hiperplasica
dos ductos biliares, no figado; deplecao linféide, nas bursas e nos rins, hemorragias
multifocais e intensa degeneracdo gordurosa na forma de microvacuolizagdo em células de
alguns tubulos (GIACOMINI et al., 2006).

Perus (n = 48), 3,5 meses de idade, tratados com 100, 200 e 400 pg de
aflatoxinas totais kg de racdo durante 2 semanas apresentaram decréscimo no consumo de
racdo e no ganho de peso bem como alteracdes nas enzimas hepdticas e na resposta imune
celular (QUIST et al., 2000).

Codornas japonesas (Coturnix coturnix japonica) (n = 256), com 5 semanas
de idade, submetidas a tratamentos com 25, 50 ¢ 100 pg AFB; kg™ de racdo, durante 168 dias,
apresentaram alteragdes, como vacuolizacdo das células hepéticas e infiltracdo de 4cidos
graxos, no figado e, nos tratamentos com as maiores doses, diminui¢do no consumo de ragao
e no peso dos ovos (OLIVEIRA et al., 2002). Em estudo semelhante, as codornas (n = 24)
submetidas ao tratamento com a maior dose apresentaram diminuicdo no peso relativo do
figado e, adicionalmente, nas aves tratadas com 50 e 100 pg AFB, kg' de ragdo foram

observadas lesdes hepaticas caracterizadas por degeneracdo vacuolar macrogoticular,
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desarranjo trabecular e hiperplasia de células de ductos biliares, as quais constituem
indicadores de toxicidade cronica nessa espécie (OLIVEIRA et al., 2004).

Galinhas poedeiras (n = 96) brancas de linhagem comercial (Babcock), com
16 semanas de idade, tratadas com 100, 300 ¢ 500 pg AFB, kg™’ de ragdo, durante 8 semanas,
apresentaram diminuicdo no consumo de ragéo (tratamento com 100 pg AFB; kg™ de ragdo) e
no ganho de peso (tratamentos com 300 e 500 pg AFB; kg de racdo). No entanto, a
produtividade e a qualidade dos ovos ndo foram afetadas (OLIVEIRA et al., 2001).

Salwa e Anwer (2009) em estudo com galinhas poedeiras White Leghorn (n
= 40), com 32 semanas de idade, tratadas com 25, 50 e 100 pg AFB, kg™ de racio por 60
dias, ndo observaram alteragdao na producao e peso dos ovos, no entanto, o consumo de ragao
diminuiu nas aves tratadas com as maiores doses. Adicionalmente, foi determinada a
concentracdo de AFB, presente nos ovos do 1° ao 7° dia de tratamento, apds 10, 20, 30, 40,
50 e 60 dias de tratamento e sua estabilidade apds o cozimento (5, 10, 15 e 20 minutos). A
toxina foi detectada a partir do 10° dia em niveis variando de 0,03 a 0,09 pg kg sendo que o

cozimento por 20 minutos resultou na reducao de no maximo 1% nos niveis de AFB;.

2.1.1.6 Imunoensaio para analise de Aflatoxinas

Dentre os métodos imunoquimicos, 0s ensaios imunoenzimaticos (Enzyme-
Linked Immunosorbent Assay - ELISA) sdo amplamente empregados no monitoramento da
contaminagdo de alimentos e racdo por aflatoxinas devido a sensibilidade, especificidade,
rapidez e simplicidade do método (KOLOSOVA et al., 2006). Os ELISAs tém sido utilizados
tanto em analises quantitativas quanto para fins de triagem (REITER; ZENTEK; RAZZAZI,
2009). No entanto, sub ou superestimacdes dos resultados podem ocorrer devido a interagao
dos anticorpos com compostos da matriz alimentar (efeito de matriz), que apresentam
grupamentos quimicos similares aos das micotoxinas (ZHENG et al., 2005).

Abbas et al., 2006, utilizando kit de ELISA comercial, detectou niveis de
aflatoxinas totais variando de 40 a 699 ng g (média = 215 ng g') e de 66 a 428 ng g’
(média = 197 ng g') em 17 e 4 amostras de hibridos de milho convencional e Bt,
respectivamente. A mesma analise foi conduzida por HPLC e em 43% das amostras os niveis
obtidos por ELISA foram mais elevados que os por HPLC.

Klari¢ et al., 2009, empregando ELISA comercial, detectaram aflatoxinas

em 33,3% e 30,8% das amostras de milho (n =12) e de racdo a base de milho (n = 13)
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coletadas na Croécia. Os niveis de contaminacdo variaram de 2,7 a 4,5 ng g (média = 3,4 ng
g')ede4,2a10,3ngg" (média=6,9 ng g "), respectivamente.

Além do emprego de kits de ELISA comerciais, pesquisadores tem
investido no desenvovilmento de testes de ELISA proprios. Uma vantagem seria a obtengao
de menores limites de deteccdo, i.e., mais proximos aos da CLAE (REITER; ZENTEK;
RAZZAZI, 2009).

Chinaphuti et al., 2002, desenvolveram um ELISA denominado de DOA-
ELISA baseado em anticorpos policlonais anti-AFB;. As porcentagens de recuperacdo de
AFB; em milho artificialmente contaminado com 10, 50 ¢ 100 ng g'l, analisadas em duplicata,
foram de 128 ¢ 100%, 102,8 e 93,2% e 83,6 ¢ 92,6%, respectivamente. Os resultados obtidos
por CLAE e por ELISA nao apresentaram diferenca significativa. No entanto em 40% das
amostras de milho (n =10) os niveis de aflatoxinas detectados por ELISA foram mais
elevados que os por CLAE.

Zheng et al., 2005, desenvolveram o ELISA AgraQuant® para deteccio de
aflatoxinas em milho e derivados e em outros alimentos. O ensaio apresentou limites de
detecgdo abaixo de 5,0 ng g em 10 dos 13 alimentos testados sendo que para detec¢io de
aflatoxinas em milho este foi de 2,5 ng g"'. O coeficiente de correlagdo entre ELISA ¢ CLAE
foi de 0,95 obtido a partir da anélise de amostras de milho artificialmente contaminadas com
10, 20, 30, 40, 80, 160 e 320 ng g'1 de aflatoxinas totais. Adicionalmente foram analisadas
amostras de milho naturalmente contaminadas com 19 ¢ 138 ng g'. Cada amostra foi dividida
em dez sub-por¢des sendo metade analisada por ELISA, em triplicata, por trés analistas
diferentes (totalizando 30 andlises) e metade analisada por CLAE. O nivel médio de
aflatoxina obtido nas analises por ELISA foi de 23,3 + 1,5 ng g e de 129,3 + 11,5 ng g,
respectivamente. Em 18 andlises os resultados obtidos por ELISA foram mais elevados que os
obtidos por HPLC.

Kolosova et al., 2006, desenvolveram um ELISA competitivo direto
baseado em anticorpos monoclonais para deteccdo de AFB; em arroz, cevada e centeio. O
método apresentou limite de detecgdo de 0,05 ng mL™ e taxas de recuperagio de AFB,
variando de 94 a 113% (analise de amostras de arroz artificialmente contaminadas com 10 a
500 ng g’'). Em 25 amostras de arroz (n =63) foram detectadas concentragdes de AFB, de 5 a
10 ng g"'. Uma amostra apresentou concentragio de 12,8 ng g'. Quando analisadas por
CLAE, AFB, foi detectada em apenas duas amostras em concentragdes de 4,2 ¢ 10,4 ng g

Essas concentragdes seriam correspondentes as de 5,6 e 12,8 ng g™ detectados por ELISA.
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Li et al., 2009, desenvolveram um ELISA baseado em AcM anti AFB; para
deteccao de aflatoxinas em amendoim. O método apresentou limite de deteccao de 0,06-0,09
ng mL™. A taxa de recuperacio de aflatoxinas totais (amostras de amendoim artificialmente

contaminadas com 4 ng mL'l) foi de 87,5 + 6,8%.

2.1.2 Fumonisinas

2.1.2.1 Fungos produtores

As fumonisinas constituem um grupo de micotoxinas produzidas
principalmente por Fusarium verticillioides (Sacc.) Nirenberg (= Fusarium moniliforme
Sheldon) e F. proliferatum (Matsushima) Nirenberg (THIEL et al., 1991; BURGESS et al.,
1994), sendo a primeira a de maior prevaléncia em milho (MUNKVOLD; DESJARDINS,
1997). Essas espécies sdo capazes de produzir niveis elevados de fumonisinas, possuem
ampla distribuicdo geografica, ocorréncia frequente em milho, e associacdo com
micotoxicoses em animais (RHEDDER; MARASAS; VISMER, 2002).

No entanto, outras 15 espécies do género, incluindo, F. napiforme e F.
nygamai, de grande ocorréncia em milheto e sorgo, ¢ uma espécie de Alternaria alternata
foram relatadas como produtoras de fumonisinas (NELSON et al., 1992; CHEN et al., 1992;
RHEDDER; MARASAS; VISMER, 2002).

O género Fusarium Link ex Fr. pertence a classe Sordariomycetes,
subdivisao Pezizomycotina e inclui espécies que formam coldnias com coloragdes diversas
(branco, rosa palido, roxo, alaranjado, purpura), produzem macroconidios hialinos septados
que podem ou ndo apresentar microconidios e clamidosporos (BURGESS et al., 1994).

F. verticillioides representa a fase anamorfica ou assexuada de Gibberella
moniliformis Winel (= Gibberella fujikuroi (Sawada) Ito). E um ascomiceto cosmopolita,
produtor de outras micotoxinas como moniliformina, acido fusdarico, fusariocina C e fusarina
C, sendo a ultima um potente mutagénico (BULLERMAN, 1996; SHIER et al., 1997;
KERENYTI et al., 1999; GLENN et al., 2001). F. verticillioides foi descrito pela primeira vez
associado a doencas em animais em 1904 (MUNKVOLD; DESJARDINS, 1997) e juntamente
com outros anamorfos de G. fujikuroi (F. proliferatum e F. subglutinans) sdo os fungos mais
comumente encontrados em milho na América do Norte e outras regides temperadas do

mundo (MUNKVOLD; DESJARDINS, 1997).



32

Pertence a se¢do Liseola do complexo G. fujikuroi, o qual possui pelo
menos oito espécies biologicas geneticamente distintas designadas por letras de A a H, dentre
as quais, A, D e E s3o as mais frequentes em milho. A maioria das espécies bioldgicas
corresponde particularmente as espécies anamorficas de Fusarium pertencentes a segdo
Liseola sendo as espécies bioldgicas A e F consideradas como F. verticillioides. A primeira
concentra a maioria das cepas produtoras de fumonisinas que ocorrem principalmente em
milho, enquanto que, na segunda encontram-se as cepas que produzem pouca ou nenhuma
fumonisina e que sdo mais frequentes em sorgo (LESLIE et al. 1992; MUNKVOLD;
DESJARDINS, 1997; KERENYI et al., 1999).

Essa espécie € caracterizada por apresentar micélios aéreos constituidos por
microconidioéforos, sem ramificacdes, contendo de 1 a 3 fidlides alongadas simples, a partir
das quais sdo formadas cadeias longas de microconidios. Estes podem apresentar ou nao
septos e sdo clavados com base truncada. Algumas cepas podem formar macroconidioforos a
partir das hifas, na forma de ramos laterais, constituidos de uma célula basal tnica com 2-3
filiades ou com 2-3 métulas. Os macroconidios sao delgados, septados (3-7 septos), retos ou
ligeiramente curvos, fusiformes e apresentam parede fina com célula apical longa e curvada e
célula basal pedicelada (SAMSON; van REENEN-HOEKSTRA, 1988).

Cresce em ampla faixa de temperatura, porém, somente em atividades de
agua (ay) relativamente altas e teores de umidade acima de 18%. As condi¢des Otimas de
desenvolvimento em milho sdo 25 °C ¢ a,, de 0,98 (MARIN et al., 1998).

F. verticillioides esta associado a doengas em todas as fases de
desenvolvimento do milho, causando danos em plantulas e podridao de raiz, colmo, espiga e
graos. Durante a colheita, o fungo pode ser encontrado tanto nas plantas como nos restos
culturais (MUNKVOLD; McGEE; CARLTON, 1997). Este ndo ¢ apenas o patdgeno mais
comumente encontrado nessa cultura, como também esta entre os fungos que mais colonizam
assintomaticamente a planta, relacdo esta denominada de endofitica (MUNKVOLD;
DESJARDINS, 1997). A contaminagdo do milho por F. verticillioides ocorre principalmente
por meio da infeccdo dos estigmas por conidios carreados pelo ar ou agua. No entanto, a
doenca pode estabelecer-se via contaminacdo da semente chegando a espiga e graos por meio
da circulagdo sistémica caulinar; pela infec¢ao da raiz atingindo os graos através do colmo e

espiga; e via injurias causadas por insetos, os quais, também podem atuar como vetores de

inoculo (MUNKVOLD; McGEE; CARLTON, 1997; SORIANO; DRAGACCI, 2004).
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Ambas as infec¢Ges sintomaticas e assintomaticas por F. verticillioides
podem resultar em perdas econdmicas e da qualidade do milho devido a contaminagdo com
fumonisina B;, uma micotoxina associada a graves doengas em animais, como
leucoencefalomaldcia em equinos (ELEM) (MARASAS et al., 1988), edema pulmonar em
suinos (ROSS et al. 1990), reducdo no desenvolvimento e imunossupressio em aves
(WEIBKING et al, 1993; NAGARAJ et al, 1994;) e acdo hepatotoxica e
hepatocarcinogénica em ratos (GELDERBLOM et al., 1991).

Em seres humanos, estudos epidemiologicos indicam associacdo das
fumonisinas com o cancer esofagico e hepatico primario (SYDENHAM et al., 1990;
RHEEDER et al., 1992; UENO et al., 1997) sendo classificadas pela International Agency for
Research on Cancer (IARC) como carcindgenos do grupo 2B, i.e., provavelmente

carcinogénico para humanos.

2.1.2.2 Estrutura quimica

As fumonisinas foram descobertas, em 1988, a partir de culturas da cepa de
F. verticillioides MRC 826, isolada em 1975 de milho destinado ao consumo humano em
Transkei, Africa do Sul, uma area de alta incidéncia de cancer esofagico (GELDERBLOM et
al., 1988).

Apresentam 28 analogos caracterizados divididos em quatro grupos
principais A, B, C e P (RHEEDER; MARASAS; VISMER, 2002). Dentre eles, as
fumonisinas B; (FB)), B, (FB;) ¢ B; (FB3) sdo as mais frequentes em milho e derivados
naturalmente contaminados (CAWOOQOD et al., 1991; SHEPHARD et al., 1996), sendo a FB; o
analogo mais toxico e abundante (NELSON et al., 1992). Este representa cerca de 70% a 80%
da concentracao total de fumonisinas produzidas em cultivos utilizando como substrato milho
e arroz e em cultivos em meio liquido, enquanto que, a FB, responde por 15 a 25% e a FB3
por 3 a 8% (RHEEDER; MARASAS; VISMER, 2002).

A estrutura quimica das fumonisinas (Aj, Ay, B; e B;) foi elucidada por
Bezuidenhout et al., em 1988. A FB; ¢ um diéster de propano-1,2,3-4cido tricarboxilico e 2-
amino-12,16-dimetil-3,5,10,14,15-penta-hidroxieicoisano, em que os grupos hidroxilas nos
C14 e C15 estdo esterificados com o grupo carboxila terminal do acido tricarboxilico. A FB,
ndo possui o grupo hidroxila em C10, enquanto que a FB3 ndo apresenta o grupo hidroxila em

C5 (BOLGER et al., 2001) (Figura 4). As fumonisinas da série A diferem das fumonisinas da
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série B por serem N-acetiladas no C2; as da série P pela presenca de 3-hidroxipiridina no C2 e
as da série C por ndo apresentarem o grupo metila terminal no C1 (NELSON et al., 1993;

MUSSER; GAY; MAZZOLA, 1996).

Figura 4 — Estruturas quimicas das fumonisinas B, B, e B;.
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Fonte: Westhuizen et al.(2003)

As fumonisinas sdo moléculas polares altamente soluveis em agua e ao
contrario das outras micotoxinas contaminantes de alimentos ndo possuem nenhuma estrutura
aromatica ou cromoéfora de facil detecgdo analitica (MURPHY et al., 2006). Possuem alta
solubilidade em agua, metanol e acetonitrila:agua (IARC, 2002).

Os métodos de andlise de fumonisinas utilizam como solventes para
extracdo metanol-dgua, acetonitrila-dgua ou acetonitrila-metanol-agua e para pré-limpeza,
colunas de fase reversa, de imunoafinidade ou de troca i6nica. A deteccao e quantificagdo sao
realizadas principalmente por cromatografia liquida de alta eficiéncia (CLAE) com detector
de fluorescéncia ou por espectrometria de massa. Adicionalmente, cromatografia em camada
delgada, cromatografia gasosa, eletroforese capilar e ensaios imunoenzimaticos (ELISA)
podem ser utilizados (SORIANO; DRAGACCI, 2004).
2.1.2.3 Biossintese

As fumonisinas sdo sintetizadas pela via das policetidas durante o
metabolismo secundario do fungo o qual se inicia frequentemente, apds o término da fase de
crescimento (GRIFFIN, 1994).

A biossintese dessas toxinas inicia-se com a formac¢ao da cadeia carbonica
principal a partir da condensagdo de uma molécula de acetil-CoA, 8 moléculas de malonil-

CoA e duas moléculas de metionina, sob forma de S-adenosil. O produto desta reagao,
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catalisada por uma policetida sintase, ¢ um policetideo de 18 carbonos o qual ¢ condensado ao
aminoacido alanina (BOJJA et al., 2004; SWEENEY; DOBSON, 1999) (Figura 5).
Posteriormente, ocorrem subsequentes oxidagdes nas posi¢des C-14 e C-15,
catalisadas por oxigenases citocromo P450 dependentes; esterificacdes com propano-1,2,3-
acidos tricaboxilicos nos grupos hidroxilas dos carbonos 14 e 15, catalisadas por uma
aciltransferase, e hidroxilagao no C-5 pela agdo da dioxigenase 2-ceto-glutarato-dependente

(BOJJA et al.,, 2004) (Figura 5).

Figura 5 — Via biossintética das fumonisinas.
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Fonte: Adaptado de Bojja et al. (2004).

Os componentes das moléculas das fumonisinas apresentam diferentes
origens biogénicas. Os carbonos 3-20 sdao derivados do acetato, os grupos aminos em C-1 e C-
2 da alanina (BLACKWELL et al., 1996, BRANHAM; PLATTNER, 1993), ¢ os dois
grupamentos metil nos carbonos 12 ¢ 16 da metionina (PLATTNER; SHACKELFORD,
1992). O grupo hidroxila no C-3 ¢ proveniente do grupo carbonila derivado do acetato,
enquanto que os grupos hidroxila nos carbonos 5, 10, 14 e 15 sdo originados do oxigénio
molecular (CALDAS et al., 1998). Os acidos tricarboxilicos provavelmente sdo derivados do
acido glutdmico pela via do ciclo do 4cido citrico (ex. acido aconitico) (BLACKWELL et al.,

1996).
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A contaminagdo de produtos agricolas por fumonisinas depende de fatores
como regido geografica, estacdo do ano e condi¢des de plantio, colheita e estocagem. Graos
cultivados em regides subtropicais e tropicais estdo mais propensos a contaminagdo por
fumonisinas devido ao periodo de cultivo relativamente longo e quente, sendo milho e sorgo
as culturas que apresentam maior risco de contaminacdo (HENRY; WYATT, 1993).

Em geral, para F. verticillioides as condi¢cdes Otimas de produgdo de
fumonisinas em milho sdo de ay, 0,95-0,98, temperatura de 30 °C e periodo de incubagdo de 4

a 6 semanas (MARiN etal., 1995; MARIN et al., 1999a; MARIN et al., 1999b).

2.1.2.4 Biossintese de Esfingolipidios e mecanismo de acao das fumonisinas

A biossintese dos esfingolipidios complexos ocorre na face citosolica do
reticulo endoplasmatico e inicia-se com a condensag¢do de uma L-serina e um palmitoil-CoA,
pela agdo da enzima, piridoxal-dependente, serina palmitoil-transferase. O produto desta
reacdo ¢ a 3-ceto-esfinganina que ao ser reduzida € convertida a esfinganina
(dihidroesfingosina). Esta, por sua vez, pode ser fosforilada originando esfinganina 1-fosfato
ou N-acilada, pela acdo da ceramida sintase, formando a dihidroceramida, que ¢ entdo
dessaturada a ceramida (SORIANO; GONZALEZ; CATALA, 2005) (Figura 6).

A ceramida pode originar a esfingomielina, pela adicdo de uma fosfocolina;
os glicoesfingolipidios, pela complexacdo com oligossacarideos; ou esfingosina, por meio da
acao catalitica da ceramidase. A fosforilacdo da esfingosina, pela a¢cdo da esfingosina quinase,
origina esfingosina-1-fosfato, a qual juntamente com a esfinganina-1-fosfato, podem ser
catabolizadas a etanolamina fosfato e aldeido graxo. Estes podem entdo ser utilizados como
substratos para regeneragio da L-serina e do palmitoil CoA (SORIANO; GONZALEZ;
CATALA, 2005) (Figura 6).
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Figura 6 — Biossintese dos esfigolipidios em células animais. O simbolo X indica a via
enzimatica inibida pela fumonisina B;.
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Fonte: Adaptado de Soriano, Gonzalez e Catala (2005).

Devido a semelhancga estrutural das fumonisinas com as bases esfingdides
(esfinganina e esfingosina) (Figura 7), estas sdo potentes inibidores da ceramida sintase
(esfingosina e esfinganina N-aciltransferase), enzima chave na biossintese e na degradagao
dos esfingolipidios (WANG et al., 1991; TURNER; NIKIEMA; WILD, 1999) (Figura 6).
Esta ¢ inibida por todas as fumonisinas que possuem o grupamento amino livre no C2 por

meio de interagdes nao covalentes (SORIANO; GONZALEZ; CATALA, 2005).
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Figura 7 — Estrutura quimica da FB; e dos principais metaboélitos dos
esfingolipidios.
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Fonte: Cai et al. (2007).

A cadeia aminopentol (AP1) das fumonisinas compete pelo sitio de ligagao
das bases esfingodides, enquanto que os acidos tricarbalilicos anionicos interferem na ligagao
do acil-CoA graxo, impedindo a conversao da esfinganina a dihidroceramida e a reacilagdo da
esfingosina a ceramida (SORIANO; GONZALEZ; CATALA, 2005).

O mecanismo de acdo das fumonisinas ¢ um evento seqliencial no qual a
inibicdo da ceramida sintase acarrcta a inibicdo da biossintese de ceramidas, aumento de
esfinganina e esfingosina livres, redu¢do na reacilacdo da esfingosina e da degradacdo dos
esfingolipidios provenientes da dieta (SORIANO; GONZALEZ; CATALA, 2005). Estes

efeitos sdo resultantes da toxicidade promovida pela FB; a qual ¢ caraterizada por alteracdes
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na atividade de proteinas quinases, no crescimento e diferenciagdo celular, na apoptose e na

peroxidacdo lipidica (SORIANO; GONZALEZ; CATALA, 2005).

2.1.2.5 Efeitos toxicoldgicos em aves

Em estudo de administracdo prolongada de FB, (77 dias), 40 patos com 7
dias de idade tratados por gavage com doses correspondentes a ingestdo de 2, 8, 32 ¢ 128 mg
FB, kg de ragdo, apresentaram diminuigdo no peso corporal (Figura 8) e aumento dos pesos

da moela, bago e figado nos tratamentos com as duas maiores doses (TRAN, et al., 2005).

Figura 8 — Efeito da FB; no peso corpéreo de patos tratados com 0 (esquerda) ou 128
mg FB, kg de ragdo (direita). A) apos 14 dias de tratamento, B) apos 35
dias de tratamento.

A

Fonte: Tran et al. (2005).

No estudo de Ledoux et al. (1992), 45 frangos de corte, machos, com 1 dia
de idade, foram submetidos a dietas contendo 100, 200, 300 ou 400 mg de FB; kg de racdo
durante 21 dias. Apds esse periodo, o peso das aves e a média de ganho de peso didria
diminuiram significativamente com o aumento da dose de FB,, enquanto que, os pesos do
figado, pro-ventriculo e moela, e os niveis de calcio, colesterol e das enzimas aspartato
amino-transferases no soro, aumentaram. As aves também apresentaram diarréia, atrofia
cortical do timo, necrose hepatica multifocal e hiperplasia biliar.

Em estudo semelhante, Mallmann et al. (2005), trataram durante 21 dias,
120 frangos de corte (raga Cobb), machos, com 1 dia de idade, com ragdo contendo 5 mg kg™
de FB;. Foi observada diminui¢do no peso ¢ no consumo de ragdo pelas aves bem como um
pequeno efeito da toxina sobre o figado o qual foi evidenciado pelo aumento no peso relativo

deste 6rgao.
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Brown, Rottinghaus e Williams (1992), relataram ocorréncia de diarréia,
19% de reducdo do peso e 30% de aumento do peso do figado de pintinhos (1 dia de idade)
alimentados com ragdo contendo 300 mg kg' de FB, durante duas semanas.
Histopatologicamente, os animais apresentaram necrose multifocal hepética, hiperplasia biliar
e necrose muscular.

Em estudo com 128 codornas japonesas poedeiras em inicio de postura, 7
semanas de idade, alimentadas com racdo contendo 10, 50 e 250 mg de FB; kg'l, durante 28
dias, ocorreu diminui¢do no consumo de alimentos e do ganho de peso e aumento no peso
relativo do figado, nos animais tratados com as duas ultimas concentragdes. No entanto,
histopatologicamente, os tecidos hepatico, renal e do miocardio, ndo apresentaram diferencas
em relagdo aos do grupo controle. No grupo exposto a 250 mg de FB; kg™ houve diminui¢io
da produ¢@o média e do peso dos ovos (BUTKERAITIS, 2003).

No entanto, no pais, ndo existe uma legislacdo especifica que determine o
nivel maximo de fumonisinas em alimentos para consumo animal. Segundo a FDA (2001) o
nivel maximo permitido, considerando o somatodrio de FB;, FB, e FBj, para alimentag¢do de
galinhas poedeiras ¢ de 30 mg kg ¢ de 100 mg kg™ para frangos de corte (FAO, 2003),
enquanto que, na Unido Européia o nivel maximo recomendado para aves em geral é de 20

mg kg (FB, + FB,) (JORNAL OFICIAL DA UE, 2006).

2.2 INTERACOES ENTRE AFLATOXINAS E FUMONISINAS

Prathapkumar et al. (1997) relataram a ocorréncia de surtos de
micotoxicoses na India em 6.700 galinhas poedeiras de 64 semanas de idade e em 3.000 com
36 semanas de idade alimentadas com ragdo naturalmente contaminada com 8,5 mg kg™ de
FB, + 100 pg kg de AFB, e com 3,5 mg kg™’ de FB, + 90 ug kg™ de AFB|, respectivamente.
Os animais apresentaram diarréia escura e viscosa seguida por reducdo no ganho de peso, na
ingestdo de alimentos e de aproximadamente 30% na producdo de ovos. Nos dois casos o
indice de mortalidade foi de 10%.

No estudo de Ogido et al. 2004, codornas japonesas (n = 288), com §
semanas de idade, foram tratadas por 5 periodos de 28 dias com racdo artificialmente
contaminada com 10 mg de FBy; 50 pg AFB;; 50 ug AFB; + 10 mg FB;; 200 ug AFB, e 200
ng AFB; + 10 mg FB; kg™ de ragdo. Ao final do 5° periodo, todos os tratamentos acarretaram

diminui¢ao no consumo de ra¢do e no peso dos ovos sendo esta mais pronunciada nos grupos
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tratados com as duas micotoxinas em combinagdo e com 200 ug AFB;. As aves tratadas com
10 mg FB; e em combinacao com 50 pg de AFB,; apresentaram decréscimo na producao de
ovos a partir do 3° periodo. Com excecdo do tratamento com 50 ug de AFB,, todos os grupos
apresentaram dimunui¢do no peso corporeo no 5° periodo.

Em estudo de administracdo oral de AFB; e FBj, pintinhos (n = 350), com
21 dias de idade, foram submetidos a tratamentos com 10 mg de FB;; 50 ug AFB;; 50 pg
AFB; + 10 mg de FBy; 350 ug AFB;; 350 pg AFB; + 10 mg de FB;; 2.450 ng AFBy; e 2.450
ug AFB, + 10 mg de FB; kg de ragdo, durante 21 dias. Comparado com o grupo controle a
porcentagem de heterofilos diminuiu nos grupos tratados com 50 ug AFB; + 10 mg de FB; ¢
2.450 pg AFB; ou em combinagdo com FB;. Altas porcentagens de linfocitos foram
detectadas nas aves que receberam 50 pg AFB; + 10 mg de FB,, 350 ug AFB; + 10 mg de
FB, ¢ 2.450 pg AFB; + 10 mg de FB, kg™ de ragdo. O tltimo tratamento também ocasionou
decréscimo nos niveis de albumina plasmatica. O figado das aves tratadas com AFB,
apresentou areas de necrose ¢ de infiltrados inflamatorios € os animais que receberam ragao
contendo somente FB; apresentaram hiperplasia e fibrose do ducto biliar e infiltracdo
mononuclear acompanhada de desarranjo trabecular. Em contraste, nos tratamentos com as
duas toxinas foi observada degeneragdo hepatica vacuolar e glomerulonefrite. Residuos de
FB, foram detectados no figado e na excreta de todos os grupos tratados com a toxina em
niveis variando de 0,013 a 0,051 mg kg e de 1,19 a 2,79 mg kg™, respectivamente (Del
BIANCHI et al., 2005).

Frangos de corte (n = 188), machos, foram tratados do 8° a 41° dia de idade
com racdo contaminada com 50 mg kg FB,; 200 mg kg FB;; 50 ug kg AFB,; 50 pg kg™
AFB, + 50 mg kg FBy; 50 pg kg™ AFB; + 200 mg kg™ FB1; 200 pug kg™ AFB;; 200 pg kg™
AFB; + 50 mg kg™ FBy; 200 pg kg™ AFB; + 200 mg kg FB;. Ao final do estudo, todos os
tratamentos acarretaram diminui¢do no peso corpoéreo e no ganho de peso sendo os efeitos
mais pronunciados nos grupos que receberam ragao contaminada com AFB; em combinagao
com FB,. Todos os tratamentos acarretaram aumento no peso relativo do coragdo das aves
exceto o tratamento 200 pg kg AFB; + 50 mg kg™ FB,. Houve aumento no peso relativo do
figado das aves tratadas com ragio contendo somente FB; (200 mg kg') ou em combinacio
com AFB;. Todos os tratamentos ocasionaram mudancgas na histopatologia do figado sendo as
principais alteragdes a degeneracdo vacuolar e proliferacdo celular nos ductos biliares

(TESSARI et al., 2006).
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Em estudo de Pozzi et al., 2000, ratos Wistar machos (n = 60) foram
submetidos a tratamentos por gavage durante 21 dias com 72 ug AFB;; 0,5 mg FBy; 1,5 mg
FB;; 72 ug AFB; + 0,5 mg FB;; 72 ug AFB; + 1,5 mg FB,; 100 g'1 peso corporeo. Todos os
tratamentos acarretaram redug@o no peso corpdreo, nos pesos absoluto e relativo do figado e
rins ¢ aumento no peso do cérebro sendo os efeitos mais pronunciados nos grupos tratados
com 72 pg AFB, + 1,5 mg FB; 100 g peso corpéreo. Os animais também apresentaram
aumentos nos niveis séricos das enzimas aspartatoaminotransferase e fosfatase alcalina e nos
niveis de albumina. O figado foi o 6rgdo mais afetado pelos tratamentos sendo que a co-
administracio de AFB; e de FB; ocasionou grave degeneracdo vacuolar, pertubagao
acentuada da estrutura trabecular do tecido hepatico e intensa megalocitose.

Em estudo de Orsi et al. (2007), coelhos (n = 24) foram tratados por gavage
(21 dias) com 30 pg AFB, kg'; 1,5 mg FB, kg + 30 pg AFB; kg'; 1,5 mg FB, kg™ peso
corpéreo. Todos os animais tratados com AFB; e com AFB; + FB; apresentaram sinais
clinicos de intoxicagdo como apatia, anorexia e letargia sendo que trés animais do grupo no
qual as duas toxinas foram administradas simultaneamente morreram. A co-administracdo de
AFB; e FB, acarretou maior diminui¢ao no ganho de peso e no peso de figado, no entanto,
houve aumento no peso dos rins. Neste grupo, a andlise bioquimica sérica apresentou
decréscimo no nivel de albumina e aumentos nos niveis de proteina total, das enzimas
fosfatase alcalina, aspartato aminotransferase, alanina aminotransferase e gama-
glutamiltransferase e nos niveis de uréia e creatinina, caracterizando o comprometimento do
figado e rins. Histopatologicamente houve rompimento da estrutura trabecular hepatica,
presenca de areas necroéticas, hiperplasia ductal, presenca de degeneragdo vacuolar dos
tubulos renais e deplecao linfocitdria no bago. Todos os tratamentos acarretaram a elevagao da
razdo esfinganina:esfingosina (biomarcador de exposi¢cdo a fumonisinas) no soro, urina e

figado.

2.3 OCORRENCIA DE FUMONISINAS E AFLATOXINAS EM MILHO E RACOES NO BRASIL

No Brasil, o primeiro relato sobre a ocorréncia natural de fumonisinas em
milho foi realizado por Sydenham et al. (1992), que analisaram amostras de ragdes associadas
a surtos confirmados e suspeitos de micotoxicoses em diversas espécies de animais no Estado
do Parana. As FB, e FB, foram detectadas em 20 e 18, das 21 amostras, respectivamente, em

concentragdes de 0,2 - 38,5 ug g (FB)) e 0,1 -12,0 pg g (FBy).
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A avaliacdo da contamina¢ao natural por fumonisinas em 39 amostras de
milho do Estado do Parana e 9 dos Estados do Mato Grosso do Sul e de Goias, revelou 97,4%
de positividade para FB; e 94,8% para FB,. As espécies fungicas predominantes foram F.
verticillioides e Aspergillus spp. secdo Flavi (HIROOKA et al., 1996).

Na analise de 150 amostras de milho recém colhido das regides centro-sul,
centro-oeste e norte do Estado do Parana foi detectada FB; em 100% das amostras (média de
2,39 ug g") e FB, em 97,7% (média de 1,09 pg g™') (ONO et al., 1999).

Na analise de 23 amostras de 19 cultivares de milho do Estado de Sdo Paulo
foi detectada 100% de positividade para fumonisinas. As médias de contaminagdo variaram
de 1,63 — 25,69 ng g para FB, e de 0,38 — 8,6 ug g”' para FB, (CAMARGOS et al., 2000).

Mallmann et al. (2001) analisaram 92 amostras de ragdo, baseada em milho,
destinadas a alimentacdo de aves, suinos e equinos, da regido sul do Brasil, coletadas entre os
anos de 1996 ¢ 1998. Foram detectados 30,4% de positividade para FB; sendo que os niveis
variaram de 0,64 a 68,33 pg de FB, g de racdo (média =15, 39 pg g ™).

A andlise de amostras de milho recém colhido coletadas em cooperativas
das regides centro-sul (n = 27), centro-oeste (n = 86) e norte (n = 37) do Estado do Parana,
safra 1994/1995, demonstrou alta frequéncia de contaminagdo (98%) com fumonisinas em
todas as regides, enquanto que a contaminacao com aflatoxinas concentrou-se nas amostras da
regido centro-oeste (média = 191 ng g). As médias de contaminagdo com fumonisinas foram
de 1,14 pg g (regido centro-sul); 5,08 pg g™ (regidio centro-oeste); 9,85 pg g (regido norte)
(ONO et al., 2001).

Westhuizen et al. (2003), analisando 75 amostras de milho destinadas ao
consumo humano, provenientes das regides oeste, norte e sul do Estado de Santa Catarina e
15 amostras de milho destinado ao consumo animal da regido sul do estado, detectaram
médias de fumonisinas totais (B; + B, + B;) de 3,2, 3,4, 1,7 ¢ 1,5 mg kg'l, respectivamente.
Em todas as amostras F. verticillioides foi a espécie de maior ocorréncia.

Amostras de ragdo (n=11) associadas a seis casos de intoxicagao em cavalos
e frangos e amostras de milho (n=128) das regides norte (safras 1991, 1995, 1997), e centro
sul (safra 1995), do Estado do Parana foram avaliadas quanto a contaminagdo fingica e por
fumonisinas. Nas amostras de ragdo a espécie predominante foi F. verticillioides com médias
de contaminagio variando de 2,4 x 10* — 6,5 x 10° CFU g e contaminagdo por fumonisinas
(FB, + FB,) de 2,89 — 14,54 pg g”'. Na safra de 1991 todas as amostras de milho (n = 27) da

e~ . .. , . -1
regido norte estavam contaminadas com fumonisinas em niveis de 2,32 a 16,64 ug g,
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enquanto que, na safra de 1995 houve um decréscimo nos niveis de contaminagdo (0,57 —
9,97 ng g) fato que se repetiu na safra de 1997, na qual 21 das 37 amostras estavam
contaminadas com niveis de 0,05 — 2,67 pg g. Nas amostras da regido centro sul (n = 27) a
frequéncia de contaminacdo foi de 96,3% com niveis de fumonisinas variando de 0,07 — 3,66
ng g (ONO et al., 2004).

Em outro estudo, ONO et al. (2006a), detectaram Fusarium spp. e
fumonisinas em 100% das amostras (n = 109) de milho recém colhido das regides centro-sul,
centro-oeste e norte do Estado do Parana. A contaminagdo com Fusarium spp. variou de 1,0 x
10° a 2,2 x 10° UFC g ¢ os niveis de fumonisinas de 0,13 — 20,38 pg g"'. Adicionalmente,
graos aparentemente sadios e ardidos (n= 24) foram selecionados para analise de fumonisinas,
sendo, os niveis de contaminagio de 0,57 — 20,38 pg g’ e 68,96 — 336,38 ng g,
respectivamente.

A andlise de 48 amostras de ragdes para frangos de corte do municipio de
Sao José do Vale do Rio Preto, Estado do Rio de Janeiro, apontou 97,9% de positividade para
FB,, com concentragdes variando entre 0,3 a 9,1 pg g'l. Em 66,7% das amostras houve co-
ocorréncia de FB; e AFB,, a qual foi detectada em 66,3% das amostras em niveis variando de
2 a2l pg kg'. Adicionalmente, zearalenona foi detectada em 77,1% das amostras, porém em
baixas concentracdes (< lpug g”') (OLIVEIRA, 2006).

A andlise de amostras de ragdo para aves (n = 480) coletadas em duas
fabricas do Estado do Rio de Janeiro, no periodo de maio de 2003 a abril de 2004, revelou que
os principais géneros fungicos contaminantes foram Penicillium spp., seguido por Aspergillus
spp. e Fusarium spp., sendo que 25% das amostras apresentaram contaminac¢do com A. flavus.
Quanto a presen¢a de micotoxinas, a FB; foi a mais frequente, presente em 97,8% das
amostras (niveis 1,5 a 5,5 pug g), seguida por zearalenona (77,1%; niveis 0,1 a 7,0 pg g') e
AFB; (66,7%; niveis 1,2 a 17,5 ug kg™). Em 64,5% das amostras houve co-ocorréncia de FB;
e AFB; (OLIVEIRA et al., 2006).

A analise de amostras de milho (safra de 2003) recém colhido (n = 100) e de
amostras da recepcdo (n = 200) e da etapa de pré-secagem (n = 90) de industrias de
processamento de milho da regido norte do Estado do Parand, demonstrou contaminagio por
FB; em toda a cadeia produtiva do milho. Os niveis de contamina¢do variaram de 0,11 —
12,68 pg g nas amostras recém-colhidas, 0,10 — 11,83 pg g na recepgdo e 0,02 — 10,98 pg
g na etapa de pré-secagem. Quanto a contaminagio por FB; os niveis foram de 0,01 — 5,26

nge',002-525ugg" €0,07—7,89 ug g respectivamente (ONO et al., 2008).
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Em estudo semelhante, Moreno et al. (2009) avaliaram a co-ocorréncia de
fumonisinas e aflatoxinas em 300 amostras de milho recém colhido da safra 2003 e 2004 do
norte do Parand coletadas na recepcdo e na fase de pré secagem. Na safra 2003 foram
detectadas fumonisinas em 100% das amostras com médias variando de 2,54 pg g’
(recepgdo) e 3,12 ug g (pré-secagem). Por outro lado, na safra 2004 fumonisinas foram
detectadas em 98,9% (média de 1,31 pg g") e 95% (média de 1,36 pg g') das amostras da
recepcdo e pré-secagem, respectivamente. Apenas 8% das amostras apresentaram co-
contaminagdo com aflatoxinas sendo que os niveis médios de contaminagdo variaram de 23,4
a40 ng kg™

Em estudo de Rocha et al. (2009), 200 amostras de milho recém colhido
(ano de 2005) de 4 diferentes regides brasileiras (n = 50 por regido), Varzea Grande (Estado
do Mato Grosso), Nova Odessa (Estado de Sao Paulo), Santa Maria (Estado do Rio Grande do
Sul) e Oliveira do Campinhos (Estado da Bahia) foram analisadas quanto a contaminagdo
fingica e por micotoxinas. Todas as amostras (100%) apresentaram contaminagdo com
fungos sendo que F. verticillioides foi a espécie de maior prevaléncia em todas as regides. As
fumonisinas foram as micotoxinas mais frequentemente encontradas, sendo que 98% das
amostras estavam contaminadas com FB; e 74,5% com FB;+FB,. Os niveis mais altos foram
detectados nas amostras de Nova Odessa, com concentragoes de FB; e FB; variando de 0,091
29,67 ng g’ 0,017 a3,06 ug g, respectivamente. Das 200 amostras analisadas, 21 (10,5%)
apresentaram contaminacao por AFB;, 7 (3,5%) com AFB; e 1 (0,5%) com AFG;+AFG,. As
amostras de Santa Maria foram as que apresentaram os maiores niveis de contaminagdo. Das
50 amostras, 7 estavam contaminadas com AFB; (niveis variando de 13,7 a 1.393 pg kg); 5
com AFB, (niveis = 5,6 a 55,7 pg kg'); e uma com AFG; (39,2 ug kg") + AFG, (29,7 pg kg’
" (ROCHA et al., 2009).

Amostras de milho (n = 80), destinado a produ¢do de racdo para aves,
coletadas em duas fabricas localizadas nos municipios de Concei¢ao da Feira e Entre Rios,
Estado da Bahia, no periodo de fevereiro de 2005 a janeiro de 2006, apresentaram 10% de

frequencia de contaminag¢io com AFB; com niveis de 1 a 5 pg kg (ALMEIDA et al., 2009).
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3 OBJETIVOS

3.1 OBJETIVO GERAL

e Desenvolver um ensaio imunoenzimatico (ELISA - Enzyme Linked
Immunosorbent Assay) para deteccdo de aflatoxinas em ragdo destinada a
aves.

e Avaliar o risco de exposi¢ao de frangos de corte e galinhas poedeiras a

fumonisinas e aflatoxinas.

3.2 OBJETIVOS ESPECIFICOS

e Padronizar e validar intra-laboratorialmente um ELISA competitivo indireto
(ic-ELISA) baseado em anticorpo monoclonal anti-AFB,; para andlise de
aflatoxinas em ragdo destinada a frangos de corte e galinhas poedeiras;

e Avaliar a microbiota fungica e os niveis de fumonisinas e aflatoxinas em

racdo destinada a frangos de corte e galinhas poedeiras.



47

4 MATERIAL E METODOS

4.1 RACAO DESTINADA A ALIMENTACAO DE GALINHAS POEDEIRAS

As amostras de ragdo destinada a galinhas poedeiras foram coletadas na Granja
Experimental da Fazenda Escola da Universidade Estadual de Londrina. A racao (lote de 500 kg)
era preparada em intervalos de 7 a 10 dias, de acordo com a constituicdo elaborada pelo
zootecnista responsavel (Tabelas 1, 2, 3 e 4). Foram realizadas amostragens com intervalos de
aproximadamente dois a trés dias compreendendo amostras do inicio, meio e final do lote

durante o periodo de janeiro a dezembro de 2010 totalizando 98 amostras.

Tabela 1 — Composi¢do da ra¢do utilizada na alimentacdo de galinhas poedeiras no
periodo de 08/01/10 a 23/01/10.

Composicédo da Racéo

Quantidade (kg)
Milho grao 64,8
Farelo de soja 23,8
Calcario 8,8
Fosfato bicalcico 1,2
Premix postura 0,4
Oleo de soja 0,4
Sal 0,3
DL — metionina 0,12

Tabela 2 — Composi¢do da ra¢do utilizada na alimentagdo de galinhas poedeiras no
periodo de 24/01/10 a 22/04/10.

Composic¢ao da ragao

Quantidade (kg)
Milho grao 65
Farelo de soja 24
Calcério 9
Fosfato bicalcico 1,2
Premix postura 0,5
Oleo de soja 0,1

Sal 0,3
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Tabela 3 — Composi¢do da ragdo utilizada na alimentagdo de galinhas poedeiras no

periodo de 23/04/10 a 19/06/10.

Constituicédo da racdo

Quantidade (kg)
Milho grao 61,2
Farelo de soja 25,6
Calcario 8,2
Fosfato bicalcico 2,1
Premix postura 0,5
Sal 0,3
Oleo de soja 1,9
DL- Metionina 0,11
Lisina 0,036

Tabela 4 — Composi¢do da ragdo utilizada na alimentagdo de galinhas poedeiras no

periodo de 20/06/10 a 30/08/10.

Constituicédo da racao

Quantidade (kg)
Milho grao 61
Farelo de soja 25,6
Calcario 9
Fosfato bicalcico 1,6
Premix postura 0,4
Oleo de soja 1,7
Sal 0,3
DL - Metionina 0,18

4.2 RACAO DESTINADA A ALIMENTACAO DE FRANGOS DE CORTE

Quatro tipos de ragdo peletizada destinadas a alimentagdo de frangos de corte
(pré-inicial, inicial, engorda e abate) foram coletados em uma granja comercial situada na Regido
Norte do Parana. Na tabela abaixo, estdo representados exemplos de constitui¢do dos diferentes
tipos de racdo. Foram realizadas trés amostragens por dia (manha, meio-dia e tarde) durante o

periodo correspondente a um ciclo de produg¢do (junho a agosto de 2010) totalizando 158

amostras.
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Tabela5—- Exemplos de formulas de ragao com base nos ingredientes milho ¢ farelo de
soja para atender as diferentes fases da producao de frangos.

Pré-inicial Inicial Engorda Abate
Ingredientes (kg) la?7 8a2l 22 a350u 35a42ou
(dias) (dias) 22 a 42 (dias) 42 a49 (dias)

Milho 55,58 54,70 57,82 57,93
Farelo de soja 37,10 36,62 32,90 32,88
Calcario 1,33 1,29 1,11 1,11
Fosfato bicalcico 1,98 1,83 1,74 1,74
Oleo de soja 2,75 4,35 5,39 5,37
Sal 0,51 0,51 0,46 0,46
Premix mineral 0,05 0,05 0,05 0,05
Premix vitaminico 0,13 0,12 0,10 0,10
L — Lisina HCI 0,16 0,15 0,12 0,12
DL - Metionina 0,23 0,22 0,18 0,18
Cloreto de Colina (70%) 0,11 0,09 0,06 0,06
Avilamicina 0,01 0,01 0,01 -
Monensina 0,06 0,06 0,06 -
Total 100 100 100 100

Fonte: Bellaver (2003).

4.3 AMOSTRAGEM

A amostragem da rag¢do destinada a galinhas poedeiras consistiu na coleta de
subamostras em varios pontos a diferentes profundidades do “bal’” no qual a ragdo ¢ armazenada
(Figura 9), enquanto que, a amostragem da racdo destinada a frangos de corte consistiu na coleta
de subamostras nas caixas de alimentagdo dos comedouros automatizados do tipo “Tuboflex”
(Figura 10). Os comedouros automatizados estdo conectados diretamente a silos que se localizam
adjacentes ao aviario. Destes, a ragdo ¢ conduzida até as caixas de alimentagdo, situadas no
interior dos galpdes. No sistema “Tuboflex”, helicoides conduzem a ragdo para os pratos de
arragoamento (IGAYARA, 2006). Ap6és homogeneizagdo do material, as amostras de racdo
(aproximadamente 500g) foram conduzidas ao laboratdrio e estocadas a 4 °C. Posteriormente,
foram trituradas até a granulometria de 50 mesh e uma subaliquota de 200 g foi utilizada para a

analise da microbiota fingica e para determinacdo de fumonisinas e aflatoxinas.
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Figura 9 — Amostragem da rac¢do destinada a alimentagao de galinhas poedeiras.

Figura 10 — Amostragem da ragdo destinada a alimentagdo de frangos de corte. Em
sequéncia: silo, caixa de abastecimento e pratos de arragoamento.

4.4 DETERMINACAO DA MICROBIOTA FUNGICA

Uma aliquota de 10 g de ragdo triturada foi homogeneizada em 90 mL de
agua peptonada estéril 0,1% (v/v) e submetida a dilui¢des seriadas em tubos contendo 9,0 mL
do mesmo diluente até fator 10°. Em seguida, 1 mL de cada diluicio foi plaqueado, em
duplicata, pelo método de “Pour plate” utilizando 4gar batata dextrosado (BDA - pH 4,0)
adicionado de 50 pg mL™" de cloranfenicol. As placas foram incubadas a 25 °C por seis dias e,
submetidas a contagem e identificagdo dos géneros fungicos de acordo com os métodos

preconizados por Nelson et al. (1983), Singh et al. (1991) e Samson et al. (1995).
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4.5 DETERMINACAO DA ATIVIDADE DE AGUA

Para determinacdo da atividade de 4gua, foram selecionadas as amostras de
racdo destinadas a frangos de corte coletadas no meio do dia. A andlise foi realizada em
medidor Aqua Lab/Decagon CX-2 calibrado com agua destilada a,, = 1,000+£0,003 a 20 — 25
°C.

4.6 DETERMINACAO DE FUMONISINAS NAS AMOSTRAS DE RACAO

A determinacao de fumonisinas (FB; e FB,) foi realizada por cromatografia
liquida de alta eficiéncia (CLAE) segundo método de Shephard et al. (1990) modificado por
Ueno et al. (1993).

4.6.1 Extra¢ao de Fumonisinas

Para extracdo de fumonisinas, uma aliquota de 10 g de ragdo triturada
adicionada de 30 mL de metanol:agua (3:1, v/v) foi agitada a 150 rpm por 30 minutos e, apds,
filtrada em papel filtro Whatman n°® 1. O filtrado (1 mL) foi submetido a pré-limpeza em
minicoluna de troca anidnica Sep-Pak accell plus QMA (Waters Co., Ltda), previamente
acondicionada com 5 mL de metanol seguido de 5 mL de metanol:dgua (3:1, v/v). Apos
lavagem da coluna com 6 mL de metanol:agua (3:1, v/v) seguidos por 3 mL de metanol, as
fumonisinas foram eluidas com 10 mL de acido acético 0,5% em metanol. O eluato foi seco a
45 °C em chapa aquecedora e o residuo ressuspenso em 800 pL de metanol:agua (3:1, v/v).
Este foi fracionado em aliquotas de 200 pL, as quais foram secas sob fluxo de gas N, a 45 °C,

procedendo-se o acondicionamento em freezer (-20 °C) para posterior analise de fumonisinas.

4.6.2 Determinacao de Fumonisinas

A aliquota de 200 pL foi ressuspensa em acetonitrila:agua (1:1, v/v) e
submetida a derivatizagdo com 200 pL de o-ftaldialdeido (OPA) (40 mg de OPA, 1 mL de
metanol, 5 mL de tetraborato de so6dio a 0,1 M e 50 uL de 2-mercaptoetanol). A amostra foi
injetada dentro de 1 minuto no sistema cromatografico (isocratico de fase reversa) utilizando

como fase mével metanol: fosfato de sédio (CH3;OH:NaH;POj4) 0,1 mol L! (80:20, v/v) pH
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3,3 ajustado com 4cido orto-fosforico e fluxo de 1 mL min™. O sistema constitui-se de bomba
Shimadzu LC-10 AD, detector de fluorescéncia RF-10A XL e coluna C18 (2) Luna Sp 100A
(4,6 x 250 mm, Phenomenex). Os comprimentos de onda de excitacdo e emissdo foram de

335 nm e 450 nm, respectivamente.

4.7 DETERMINACAO DE AFLATOXINAS NAS AMOSTRAS DE RACAO POR CLAE

4.7.1 Extragao de Aflatoxinas

A extracdo de aflatoxinas das amostras de ragdo e a pré-limpeza do extrato
foram realizadas utilizando colunas de imunoafinidade (CIA) Aflatest® (Vicam) de acordo
com as recomendagdes do fabricante. Uma aliquota de 20 g de racdo adicionada de 2 g de
NaCl e 40 mL de metanol: H,O (80:20) foi agitada a 150 rpm por 10 minutos, sendo,
posteriormente, filtrada em papel filtro Whatman n° 1. A 10 mL do filtrado foram adicionados
40 mL de agua ultra-pura e a solu¢do foi filtrada em filtro de microfibra de vidro. Em seguida,
10 mL foram submetidos a limpeza em CIA sendo as aflatoxinas eluidas com 1,0 mL de

metanol. O eluato foi seco a 45 °C sob fluxo de No.

4.7.2 Determinacao de Aflatoxinas

A determinacdo de aflatoxinas (AFB;, AFB,, AFG; e AFG) foi realizada
por CLAE segundo o método de Miyamoto, Hamada e Kawamura (2008). As amostras foram
submetidas a derivatizagdo, pela adicdo de 100 puL de 4cido trifluoroacético (TFA), agitadas
por 30 segundos, sonicadas por 5 minutos e incubadas por 15 minutos a temperatura
ambiente, na auséncia de luz. Ap6s o periodo de incubagdo, foram adicionados 900 pL de
acetonitrilia:agua (1:9, v/v) seguido de agitagdo por 15 segundos, sendo uma aliquota de 20
nL injetados no cromatografo liquido de alta eficiéncia.

O sistema cromatografico foi isocratico de fase reversa utilizando como fase
movel acetonitrila:agua (25:75, v/v) a um fluxo de 1,2 mL min”, ¢ cromatdgrafo Shimadzu
(Kyoto, Japan) SCL-10AVP equipado com bomba LC-10AT, injetor Rheodyne modelo
77251, detector de fluorescéncia RF-10A XL e coluna Luna C-18 Phenomenex (250 x 4,6 mm

de didmetro interno, 5 um, Scharlau, Barcelona, Spain). A determinacdo de aflatoxinas foi
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realizada utilizando comprimentos de onda de excitacdo e emissao de 365 nm e 450 nm,

respectivamente.
4.8 DETERMINACAO DE AFLATOXINAS NAS AMOSTRAS DE RACAO POR IC-ELISA
4.8.1 Extra¢ao de Aflatoxinas

Aliquotas de 2 g de ragdo adicionadas de 10 mL de metanol:agua (70:30,
v/v) foram agitadas a 150 rpm por 10 minutos. Posteriormente, o extrato bruto foi filtrado em
papel filtro Whatman n°1 e diluido em PBST (PBS + 0,05 Tween 20) para as analises por ic-
ELISA.

4.8.2 Determinagao de Aflatoxinas

A As aflatoxinas foram determinadas por ELISA competitivo indireto (ic-
ELISA) baseado em anticorpo monoclonal (AcM) de acordo com o método descrito por
Kawamura et al. (1988). O hibridoma linhagem AF2 secretor de AcM especifico para AFB;
(isotipo IgG; lambda), derivada de mieloma linhagem SP2/0-AG14 e célula esplénica de
camundongo BALB/c, foi preparado na Universidade de Kagawa, Japdo (Kawamura et al.
1988). O AcM apresentou 133%, 13,4% e 14,7% de reatividade cruzada com AFB,, AFG; e
AFG,, respectivamente, ¢ baixas reatividades com AFM; (0,9), AFQ; (> 0,5), AFP; (0,9),
AFB2, (> 0,5) (KAWAMURA et al., 1988).

O hibridoma foi recuperado em meio RPMI suplementado com 10% de soro
fetal bovino (SFB) e gradualmente adaptado em RPMI+10% SFB:H-SFM (meio hibridoma
livre de soro, Gibco Co, USA) (25:75, v/v). Apo6s a saturagdo celular, as células foram
removidas e o sobrenadante precipitado com (NH4),SO4, a 50% de saturacdo, seguido por
estocagem a -80 °C. Para uso, o precipitado foi dissolvido em PBS (0,1 mol L' pH 7,3) e
dialisado contra PBS seguido por agua-ultra-pura (4 °C, 32 h). Azida sédica (0,02%) foi
adicionada ao AcM dialisado e este foi aliquotado (30 uL) e estocado a -20 °C.

As microplacas (Corning, New York, USA) foram sensibilizadas com 100
uL de AFB;-BSA (2,5 pg mL™ em tampdo PBS 0,015 M, pH 7,3) e incubadas a 4 °C por
18 h. Apos 5 lavagens com PBST (PBS + 0,05% Tween 20), as placas foram bloqueadas com
200 pL de solug¢ao ovalbumina 0,1% em PBS e incubadas por 1 h a 37 °C. Apds 5 lavagens
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com PBST, foram adicionados 50 pL das solu¢des padrao de AFB; em concentragdes de 0,05
a 10 ng mL™" ou 50 puL dos extratos das amostras, seguido pela adi¢do de 50 pL de AcM anti-
AFB; (diluido 1:10.000 em PBST). Apo6s incubagdo a 25 °C por 1 h as placas foram lavadas
com PBST (5 vezes) e adicionadas de 100 pL de conjugado anti-IgG de camundongo
marcado com horseradish peroxidase (diluido 1:7.000 em PBST) seguido por incubagéo a 25
°C por 1 h. Apos 5 lavagens com PBST, foram adicionados 100 puL da solucao de substrato
cromégeno TMB (3,3',5,5'-tetrametilbenzidina) (1,66 pL 30% H,O,, 100 puL 0,1% TMB em
dimetil sulféxido por 10 mL de tampao acetato 0,1 mol L pH 5,0) por 20 min a 25 °C sendo
a reagdo enzimatica interrompida com 100 uLL de H,SO4 1M. A absorvancia for lida a 450 nm
em leitora de ELISA (Bio-Tek Instruments ELX800, USA).

O ELISA competitivo indireto desenvolvido neste estudo fundamentou-se
na competicao entre a micotoxina presente na amostra e a toxina imobilizada na microplaca,
pelo mesmo sitio especifico do AcM anti-AFB;. A concentragdo de aflatoxinas nas amostras
foi indiretamente quantificada uma vez que o conjugado anti-IgG-enzima (Ac secundario) ¢
adicionado posteriormente a lavagem da microplaca apds a etapa de competicao ligando-se,
portanto, somente aos AcMs anti-AFB; que estdo aderidos a aflatoxina imobilizada na

microplaca (AFB;-BSA) (Figura 11).

Figura 11 — Esquema de ic-ELISA

amostra com alta amostra com baixa
concentracdo do '{:{;{ ’{.,.{ <:D QD "'{ | Ccn;entragﬁc do
analito + Ac Ay A analito + Ac
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‘EM conjugado
imunoenzimatico
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+,{|‘¢ ' substrato

desenvolvimento de
cor

Fonte: Ono et al. (2006b).
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4.9 DETERMINACAO DE AFLATOXINAS NAS AMOSTRAS DE RACAO POR ELISA COMERCIAL

A determinagdo de aflatoxinas por kit comercial Ridascreen® Aflatoxin
Total (R-Biopharm, Alemanha) foi realizada de acordo com as instru¢des do fabricante. Para
extragdo de aflatoxinas, 2 g de ragdo adicionados de 10 mL de metanol:agua (70:30, v/v)
foram agitados a 150 rpm por 10 minutos seguido por filtracdo em papel filtro Whatman n°1.
Para as analises, 100 pL do filtrado foram diluidos em tampao de diluicdo da amostra (600
uL).

Foram adicionados a microplaca, revestida com anticorpos direcionados aos
anticorpos anti-aflatoxinas (anticorpos de captura), 50 pL dos padrdes (0,5 a 40,5 ng g') ou
dos extratos das amostras e 50 pL das solucdes de anticorpo anti-aflatoxinas e de conjugado
AFB;-enzima peroxidase seguido por incubagdo por 30 minutos a 25 °C no escuro. Apos trés
lavagens com agua destilada, foram adicionados 50 uL da solugdo de substrato (perdxido de
uréia) e 50 uL de TMB. Ap0s outro periodo de incubacao foram adicionados 100 puL de acido
sulfurico 1N sendo as absorvancias lidas a 450 nm (leitora de ELISA Bio-Tek Instruments

ELX800, USA).

4.10 VALIDACAO INTRA-LABORATORIAL DO IC-ELISA

Para a validacdo intra-laboratorial do ic-ELISA desenvolvido foram
determinados pardmetros como linearidade, limites de deteccdo e quantificagdo, exatiddo,
precisao e especificidade.

A linearidade foi avaliada pela andlise de regressdo linear de sete curvas de
calibragdo utilizando padrio de AFB; em concentragdes variando de 0,05 a 10,0 ng mL™
(ANVISA, 2003; INMETRO, 2007).

Os limites de deteccao e de quantificagdo foram calculados conforme as
formulas: LD = média — 3 x desvio padrdo e LQ = média — 5 x desvio padrdo, i.e., média e
desvio padriao das absorvancias de 7 replicatas de uma amostra de racdo na qual ndo foram
detectadas aflatoxinas por CLAE (amostra branco) (INMETRO, 2007).

A determinacdo da exatidao foi realizada por meio de testes de recuperagao
de aflatoxinas em amostras de ragdo artificialmente contaminadas com 10, 25, 50 ¢ 100 ng g™
(AFB; + AFB; + AFG; + AFG;) (ANVISA, 2003; Commission of the European Communites,
2006).
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A precisdao foi determinada pelos parametros de repetibilidade e precisao
intermediaria. A repetibilidade foi avaliada pela analise dos desvios padrao relativos de 7
replicatas, de um mesmo extrato, para cada concentragio avaliada (10, 25, 50 e 100 ng g
aflatoxinas totais) sendo os ensaios conduzidos no mesmo dia. Para o calculo da precisao
intermediaria foi realizado o mesmo procedimento por mais dois dias consecutivos
totalizando trés determinagdes para cada concentracdo (ANVISA, 2003; Commission of the
European Communites, 2006; INMETRO, 2007).

A especificidade do método foi avaliada por meio da andlise da interferéncia
causada pela matriz da amostra (sem aflatoxinas) (ANVISA, 2003). Foram testadas diluigdes
do extrato da amostras entre 1:10 a 1:500. Adicionalmente, foi confeccionada uma curva
padrdo diluida no extrato da amostra em comparagdo a curva padrdo preparada em
PBS:metanol (9:1). Havendo sobreposicdo das duas curvas o efeito de matriz ndo ¢

significativo (Zhang et al., 2009).
4.11 ANALISE ESTATISTICA

Todas as analises estatisticas deste trabalho foram realizadas utilizando o

software Statitica versao 7.0 (Tulsa, Oklahoma, USA).
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5 RESULTADOS E DISCUSSAO

Os resultados e discussao foram redigidos sob a forma de artigos cientificos
a serem submetidos para publicacdo, os quais se encontram listados abaixo.

Os Artigos A: Immunoassay based on monoclonal antibody for aflatoxin
detection in poultry feed e 2: Evaluation of fumonisin and aflatoxin levels in broiler feed from
Northern Parana State, Brazil, foram redigidos de acordo com as normas do periddico Food
Chemistry.

Artigo C: Co-occurrence of aflatoxins and fumonisins in feed intended for
laying hens from Northern Paranad State, Brazil, foi redigido de acordo com as normas do

periodico Food Additives and Contaminants.
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ARTIGO A

IMMUNOASSAY BASED ON MONOCLONAL ANTIBODY FOR AFLATOXIN DETECTION IN

POULTRY FEED
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IMMUNOASSAY BASED ON MONOCLONAL ANTIBODY FOR AFLATOXIN DETECTION IN POULTRY

FEED

Abstract

An indirect competitive enzyme-linked immunosorbent assay based on an anti-Aflatoxin B,
monoclonal antibody was standardized and validated for aflatoxin screening in poultry feed
samples and its performance was compared with high performance liquid chromatography
and commercial ELISA kit. The ic-ELISA showed detection limit of 1.25 ng g for broiler
feed and 1.41 ng g for laying hen feed. Mean aflatoxin recovery rates by ic-ELISA were
102% (laying hen feed) and 98% (broiler feed). Among 34 broiler feed samples evaluated,
aflatoxins were detected in 88.2% by ic-ELISA (mean 10.48 ng g™), 88.2% by HPLC (mean
8.41 ng g') and 100% by ELISA kit (mean 14.46 ng g'). Additionally, aflatoxins were
detected in 92%, 92% and 97.2% laying hen feed samples (n=36) by ic-ELISA, HPLC, and
ELISA kit, respectively. The developed ic-ELISA showed reliability and high correlation with
HPLC and commercial ELISA indicating its potential for aflatoxin screening in poultry feed
samples.

Keywords: Mycotoxins. Enzyme-linked immunosorbent assay (ELISA). Broiler feed.
Laying hen feed. Validation.

1 INTRODUCTION

Aflatoxins are a group of structurally related toxic metabolites produced
mainly by Aspergillus flavus and A. parasiticus (Eaton & Groopman, 1994). The major
naturally occurring aflatoxin analogues are B; (AFB,), B, (AFB;) G; (AFG)) and G; (AFG).
AFB; and AFB; are the most commonly detected analogues in agricultural commodities
(Goldblatt, 1971).

These mycotoxins have been shown to cause mutagenic, teratogenic and
hepatocarcinogenic effects (CAST, 2003). The International Agency for Research on Cancer
(IARC, 2002) has classified naturally occurring mixtures of aflatoxins as carcinogenic to
humans (Group 1). In poultry, they can cause an increase in liver and kidney weights,
multifocal hepatic necrosis, biliary hyperplasia, diarrhea, immunosuppression and decreased
feed intake, weight gain and feather mass (Sklan, Klipper & Friedman, 2001; Giacomini,
Fick, Dilkin, Mallmann, Rauber & Almeida, 2006).

Aflatoxin contamination in poultry feed is a worldwide problem (Dalcero et
al., 1998; Beg, Al-Mutairi, Beg, Al-Mazeedi, Ali and Saeed, 2006; Oliveira et al., 2006) and
can cause serious economic losses due to increased mortality in farm animals and grain
downgrading as an animal feed and as an export commodity (Bennet & Klich, 2003).

Furthermore, when metabolized by poultry, aflatoxins or its metabolites can occur in tissues,
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blood, breasts, gizzard, liver and eggs consisting in a potential threat to the human consumer
(Herzallah, 2009; Cortés et al., 2010; Salwa & Anwer, 2009)

Aflatoxin determination in food and feed is currently performed by high-
performance liquid chromatography (HPLC), gas chromatography (GC) and mass
spectrometry (MS) (CAST, 2003, Kolosova, Shim, Yang, Eremin & Chung, 2006). Although
most of these methods are sensitive and accurate, they are laborious, expensive, time-
consuming, unsuitable for analysis of large number of samples and also require costly
equipment and extensive clean-up procedures (Kolosova et al., 2006).

Due to the strict guidelines on mycotoxin contamination that have been
imposed by importing countries, fast, reliable and sensitive analytical methods are needed.
This demand has led to the development of rapid screening methods for mycotoxins based on
immunochemical techniques such as enzyme-linked immunosorbent assays (ELISAs), since
they do not require costly instrumentation and are able to analyze a large number of samples
simultaneously (Krska, Schubert-Ullrich, Molinelli, Sulyok, Macdonald & Crews, 2008;
Zhang, Wang & Fang, 2011). In general, ELISAs are rapid, simple, specific, sensitive, can be
used in the field and have become the most common rapid methods for mycotoxin detection in
food and feed (Zheng, Humphrey, King & Richard, 2005). Additionally, the detection limits
of ELISA can be comparable with or even lower than those obtained by instrumental methods
(Kolosova et al., 2006).

However, commercial ELISA kits are expensive which makes their
inclusion difficult in routine analysis in developing countries (Devi et al., 1999), therefore
investments on immunoreagent production are an alternative to reduce costs. Several
researchers have reported the development of ELISA methods based on monoclonal
antibodies for AFB, detection and their application to different matrices (Zheng et al., 2005;
Kolosova et al., 2006; Chun, Kim, Ok, Hwang & Chung, 2007; Li et al., 2009).

Aflatoxins are heat stable and cannot be removed by industrial processing,
therefore carry-over of aflatoxin metabolites to meat and eggs can occur and increase the
human hazard exposure. The most effective control measure depends on a rigorous program
of monitoring the feed producing chain by sensitive and reliable analytical methods in order
to minimize health risks. In this study, an indirect competitive ELISA (ic-ELISA) based on an
anti-AFB; monoclonal antibody was standardized and validated for aflatoxin screening in
poultry feed samples and its performance was compared to high performance liquid

chromatography (HPLC) and commercial ELISA kit.
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2 MATERIAL AND METHODS

2.1 PRODUCTION OF ANTI-AFB| MONOCLONAL ANTIBODY (MAB)

The hybridoma cell line AF2 secreting specific anti-AFB; mAb (IgG;
lambda isotype), derived from myeloma cell line Sp2/0-AG14 and BALB/c splenic cell, was
prepared at Kagawa University, Japan (Kawamura, Nagayama, Sato, Ohtani, Ueno & Ueno,
1988).

The hybridoma cell line AF2 was cultured in RPMI + 10% Fetal Bovine
Serum: H-SFM (Hybridoma Serum-Free Medium, Gibco Co, USA) (25:75, v/v). Anti-AFB,;
mADb was precipitated with (NH4)>SO4 at 50% saturation from the supernatant and stored at
—80 °C. Before using, the precipitate was dissolved in 0.1 mol I"" phosphate buffered saline
(PBS) pH 7.3 and then dialyzed against PBS followed by ultrapure water (4 °C, 32 h).
Sodium azide 0.02% was added to the dialyzed mAb (semipurified) and it was aliquoted (30
ul) and stored at =20 °C. The anti-AFB; mAb was used for aflatoxin determination by ic-
ELISA. This mAb cross-reacted with AFB; (100%), AFB; (133%), AFG, (13.4 %) and AFG;
(14.7 %), but it showed very low cross-reactivty against AFL;, AFL,, AFM;, AFQ; and
AFB,, (Kawamura et al., 1988).

2.2 SAMPLING

Feed samples intended for broilers (n = 34) and for laying hens (n = 36),
collected in 2010, from a poultry breeding and from the Experimental Farm of the State
University of Londrina, Northern Parana State, Brazil, respectively, were evaluated for natural
aflatoxin contamination. Feed intended for broilers belonged to four feed types (pre-starter,
starter, grower and finisher) and were pelleted, while feed intended for laying hens were
mashed. For aflatoxin determination, 200 g of each sample were ground to 50 mesh and

stored at —20 °C.
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2.3 AFLATOXIN ANALYSIS BY IC-ELISA
2.3.1 Aflatoxin Extraction

Aflatoxin extraction was performed according to Kawamura et al. (1988).
An aliquot of feed sample (2 g) was shaken for 10 min at 150 rpm with 10 ml methanol: water
(70:30, v/v). Then, the crude extract was filtered through Whatman n° 1 filter paper and
diluted in PBST (PBS + 0.05% Tween 20) for ic-ELISA determination.

2.3.2 ic-ELISA

Aflatoxins were determined by a monoclonal antibody based ic-ELISA
according to Kawamura et al. (1988). Polystyrene microtitre plate wells (Corning, New York,
USA) were coated with 100 ul AFB;-BSA (bovine serum albumin) in PBS 0.015 mol I'' pH
7.3 at 4 °C for 18 h. The microtitre plates were washed five times after each incubation step
with PBST (PBS + 0.05% Tween 20). In order to minimize nonspecific binding, the wells
were blocked with 200 pl 0.1% ovalbumin in PBS at 37 °C for 1 h. After the washing step, 50
ul anti aflatoxin B; monoclonal antibody and 50 pl AFB; standards (0.05 - 10 ng ml™") or feed
extracts were added, and incubated at 25 °C for 1 h. Following a washing step, 100 ul
horseradish peroxidase labeled goat anti-mouse IgG were added and incubated at 25 °C for 1
h. The microplates were washed again, and 100 pl 3,3°,5,5 -tetramethylbenzidine (TMB)
solution were added. After 20 min the reaction was stopped by adding 50 pl with 100 pl 1
mol 1! H,S0Os. The absorbance was measured at 450 nm in ELISA microplate reader (Bio-Tek
Instruments ELX800, USA). The average absorbance was calculated from the individual
absorbances obtained from triplicate wells and results were expressed as percentage of

binding:
Binding (%) = A"/A" x 100

Where A" is the mean absorbance in the presence of aflatoxin standard or

feed extract sample and A" is the mean absorbance in their absence.
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An in-house validation was applied, and the parameters evaluated were
linearity, detection limit (LOD), quantification limit (LOQ), accuracy, precision and
specificity.

The linearity was assessed according to the linear regression analysis of
seven calibration curves of AFB, standard at concentrations ranging from 0.05 to 10.0 ng ml’'
(ANVISA, 2003; INMETRO, 2007).

The LOD and LOQ were calculated as 3-fold and 5-fold the standard
deviation of absorbance from three replicate wells of unspiked sample of each matrix
analyzed on 7 different days, respectively (INMETRO, 2007). A method blank was prepared
in order to verify that none of the solvents, reagents, and instrumentation added any detectable
positive biases to the toxin concentrations.

Accuracy and precision (repeatability and intermediate precision) were
based on relative standard deviations (RSD %) of aflatoxin recovery tests. Feed samples
intended for broilers and laying hens with non-detectable aflatoxin levels by HPLC were
artificially spiked with aflatoxins at concentrations of 10, 25, 50 and 100 ng g (sum of the
four analogues) and were maintained at 4 °C for 18 h before the extractions. Accuracy was
assessed by aflatoxin recovery from two determinations (two extractions) in triplicate.
Repeatability was evaluated by one determination (one extraction) of each concentration
analyzed in seven replicates at the same day, while for intermediate precision three
determinations were performed by different analysts and on three different days (ANVISA,
2003; INMETRO, 2007).

The method specificity was evaluated by interference of each matrix
analyzing samples without contamination (ANVISA, 2003). The matrix interferences of feed
intended for broilers and for laying hens were analyzed testing dilutions ranging from 10-fold
to 500-fold. Additionally, matrix interference was determined by comparing a standard curve
prepared in PBS, with a calibration curve added by a blank of the sample extract. If the two
curves are superimposed, the matrix effect is not significant (Zhang, Wang, Fang, Wang &

Fang, 2009).
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2.4 AFLATOXIN DETERMINATION BY HPLC

2.4.1 Extraction and Clean-up

Aflatoxin extraction and clean up were carried out using AflaTest” imuno-
affinity columns (Vicam), according to the manufacturer instructions for feed samples. An
aliquot of feed sample (20 g) added to 2 g NaCl was shaken at 150 rpm for 10 min with 40 ml
methanol: water (80:20, v/v). The extract was filtered through Whatman n° 1 filter paper. The
filtrate (10 ml) was diluted with 40 ml ultra-pure water and then filtered through a glass
microfibre filter. Then, an aliquot of 10 ml was applied on imuno-affinity column at a flow
rate of 1 to 2 drops s”'. The column was washed twice with 10 ml ultra-pure water. Finally,
aflatoxins were eluted with 1 ml methanol. The eluate was evaporated to dryness under a

stream of nitrogen at 45 °C.

2.4.2 HPLC analysis

Aflatoxins (AFB;, AFB,, AFG, and AFG;) were analyzed according to
Miyamoto, Hamada and Kawamura (2008). The dried samples were derivatized with 100 pl
Trifluoroacetic acid (TFA), mixed for 30 seconds, sonicated for 5 min and incubated at 25 °C
for 15 min, in the dark. Then, 900 pl acetonitrile: water (1:9, v/v) were added following
mixing for 15 seconds and an aliquot (20 pul) was injected into HPLC.

Aflatoxins were analyzed by a reversed-phase isocratic HPLC system
(Shimadzu LC-10 AD pump and RF-10A XL fluorescence detector), using a C-18 Luna
Phenomenex column (250 x 4.6 mm, 5 pum, Scharlau, Barcelona, Spain). Excitation and
emission wavelengths were 365 and 450 nm, respectively. The mobile phase was CH3CN:
H,0 (25:75, v/v) and the flow rate was 1.2 ml min™.

The detection and quantification limits were defined as three and five times,
respectively, the area standard deviation of seven spiked standards at lower concentration (2
ng g) detectable by HPLC in different days. Detection limits for HPLC were 0.13 ng g
(AFB)), 0.03 ng g"' (AFG), 0.59 ng g’ (AFB,) and 0.22 ng g"' (AFG,). The LOQs were 0.32
ng g' (AFB)), 0.15ng g"' (AFGy), 1.09 ng g”' (AFB,) and 0.48 ng g' (AFG,).

The method accuracy was evaluated by aflatoxin recovery rates from feed

samples artificially spiked with aflatoxins at concentrations of 10, 25, 50 and 100 ng g (sum
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of the four analogues) obtained from two determinations of each concentration (ANVISA,
2003). Recovery rates for total aflatoxins ranged from 84 to 109% with mean of 102% (RSD:
0.29 — 13.96%) while the mean recovery rates for each analogue spiked at concentrations
from 2.5 to 25 ng g were 96% for AFB,, 113% for AFG,, 92% for AFB, and 102% for
AFG; (mean CV 12.1%).

2.5 AFLATOXIN ANALYSIS BY COMMERCIAL ELISA KIT

Aflatoxins were also determined by a competitive enzyme immunoassay
(Ridascreen® Aflatoxin Total, R-Biopharm, Germany) according to the manufacturer
instructions. Aflatoxin extraction was carried out by shaking 2 g feed sample with 10 ml
methanol:water (70:30, v/v) at 150 rpm for 10 min, at 25 °C and then filtering trough
Whatman No. 1 filter paper. Briefly, 50 ul aflatoxin standard (0.05 to 4.05 ng g™') or sample
extracts, 50 ul conjugate AFB;-peroxidase and 50 pl antibody solutions were added into
microtiter plate wells coated with capture antibodies against anti-aflatoxin antibodies,
followed by incubation at 25 °C for 30 min in the dark. After three washing steps with
distilled water, 50 pl substrate (urea peroxide) and 50 pl chromogen (tetramethylbenzidine)
were added to each well. After incubation at 25 °C for 30 min, in the dark, 100 pl stop
solution (sulfuric acid 1N) were added and the absorbances were measured at 450 nm in
ELISA microplate reader (Bio-Tek Instruments ELX800, USA).

According to the manufacturer, the aflatoxin detection limit was 1.75 ng g™
The AFB; recoveries from spiked corn starch in the range from 2.5 to 80 ng g were 85%

with CV 15%.
2.6 CORRELATION ANALYSIS OF IC-ELISA, RIDASCREEN® ELISA AND HPLC
Aflatoxin levels of positive samples detected by ic-ELISA, ELISA

Ridascreen” and HPLC were compared using the Pearson correlation test (software Statistica

7.0, Tulsa, USA).
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3 RESULTS AND DISCUSSION

In this study an ic-ELISA based on monoclonal antibody was standardized
for aflatoxin detection in naturally contaminated poultry feed samples. The optimized coating
AFB;-BSA concentration, anti-AF mAb and anti-IgGHRP were 250 ng ml'l, 1:10,000
(corresponding to 173 ng ml” protein concentration), and 1:7,000, respectively. Intra-
laboratory validation of the ic-ELISA was based on the following parameters: linearity, limit
of detection (LOD), limit of quantification (LOQ), precision, specificity and accuracy.

Figure 1 shows the ic-ELISA standard curve for aflatoxins (0.05 — 10.00 ng
ml™") and the linear regression analysis. A linear range was obtained between 0.05 ng ml™ and
10.0 ng ml"" with a good coefficient of determination (R* = 0.994) and coefficient of linear
correlation (r = 0.997), which was higher than the minimal acceptable (r = 0.99) (ANVISA,
2003). The LOD and LOQ was, respectively, 0.036 and 0.041 ng ml™' corresponding to 1.25
and 1.43 ng g for feed intended for broiler and 0.040 and 0.050 ng ml™ (1.41 and 1.75 ng &
" for feed intended for laying hen. These results are similar to those reported by Li et al.
(2009) but lower than those reported by Zheng et al. (2005). Li et al. (2009) obtained a LOD
of 0.06 — 0.09 ng ml"' for a monoclonal antibody based ELISA developed for peanuts. Zheng
et al. (2005) evaluated an ELISA AgraQuant” for total aflatoxin detection in cereals and

derivatives and obtained a LOD of 2.5 ng g for corn.

Figure 1 — Standard curve for AFB; detection by ic-ELISA. Circles represent the mean
binding from seven standard curves performed on different days. Bars represent
standard deviations. The detection limit was 0.036 ng ml" (1.25 ng g™') for feed
intended for broiler (dashed line) and 0.040 ng ml™ (1.41 ng g") for feed intended
for laying hen (continuos line), corresponding to the minimum concentration over
3 and 5% inhibition, respectively (mean minus 3-fold SD of 0 ng ml" AFB;)
detected by ic-ELISA.
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Precision of ic-ELISA method was evaluated for repeatability and
intermediate precision, in terms of relative standard deviations (RSD) calculated in percentage
(Table 1). The repeatability and intermediate precision showed RSDs ranging, respectively,
from 4.26 to 10.13% (mean = 8.03%) and 9.95 to 13.63% (mean = 11.58%) for broiler feed
and from 5.92 to 8.47 (mean = 6.94%) and 7.28 to 15.96 (mean = 12.49%) for laying hen
feed. All the results were below the recommended RSD values (< 10.56% for repeatability)
and < 16% for intermediate precision for analysis at ng g concentrations) by the Commission

of the European Communities (2006).

Table 1 — Repeatability and intermediate precision of ic-ELISA for aflatoxin (AF) determination
in laying hen feed and broiler feed.

Recovery
Repeatability * Intermediate Precision®
Total AF
Feed ESD, RSDg
(ngg?h) RSD, RSDg
mean+SD mean mean+5D mean
(%) (%)
(%) (%)
10 10.2+04 126 1022107 1046
25 243423 055 2527344 1363
Broiler 8.03 1158
50 51252 10.13 30539622 1229
100 104485 8.19 10248102 9935
10 10.2+09 247 10.6+1.69 15.96
Laving 25 235+109 7.36 2599235 902
65.94 12.49
hen 50 48 52 0 392 49 57+£3 51 7.28

100 07559 601 98.87=10.35 1047




68

RSD: Relative Standard Deviation.

* Repeatability was evaluated by one determination of feed samples artificially spiked with 10, 25, 50 and 100 ng g’
(aflatoxin total) analyzed in seven replicates at the same day, while for intermediate precision were performed three
determinations by different analysts and on three different days.

Recommended values according to the Commission of the European Communities (2006): RSD, = 10.56% (0.66
times precision RSDy at the concentration of interest); RSDg = 16% calculated by the formula RSDy = 2-0°¢) (¢
=0.000001 i.e. ng g"") derived from Howirtz equation.

Specificity was evaluated by interference of each matrix without
contamination. Matrix interferences in ic-ELISA were tested using feed samples intended for
broilers and for laying hens with non-detectable aflatoxin levels by HPLC. Matrix
interferences in ic-ELISA can result from non-specific interaction caused by protein,
pigments, fat and solvents, or steric hindrance, which would overestimate the real toxin level.
The matrix effect could be minimized by sample dilution prior to ELISA method (Ono et al.,
2000). For the two types of feeds, 30-fold and 40-fold dilutions showed lower percentages of
matrix interference. In addition, a calibration curve added by a blank of the sample extract
(diluted 35-fold) was compared to a standard curve prepared in PBS: methanol (9:1) and the
two curves were superimposed, indicating that the matrix effect was minimized (Zhang et al.,
2009). Taking into account that 35-fold is an intermediate dilution between 30-fold and 40-
fold and that in commercial ELISA tests the 35-fold dilutions are used, this dilution was
selected for ic-ELISA standardized in this study.

The aflatoxin recovery rates from feed intended for broilers and for laying
hens are shown in Table 2. In laying hen feed, aflatoxin recovery by ic-ELISA ranged from
98% to 103% (mean = 102%; RSD: 6.21 — 11.90%) and from 90% to 107% (mean 98%:;
RSD: 3.47 — 14.79%) for broiler feed. These results (Table 2) were similar to those reported
for AFB, recovery (94 to 113%) from rice samples spiked with 10 to 500 ng g (Kolosova et
al., 2006), but higher than aflatoxin recovery (87.5%) in peanut spiked with 4.0 ng ml" total
aflatoxins (Li et al., 2009).

Table 2 — Accuracy of ic-ELISA evaluated through total aflatoxin recovery from feed
samples intended for broilers and laying hens.

Aflatoxin total

Feed Recovery (%)* RSD* Mean+SD
added (ng g)

Laying 10 103+12.22 11.90 102+2.58

hen 25 98+8.46 8.65
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50 103+6.40 6.21
100 103+7.23 7.01
10 97+14.29 14.79
25 90+7.88 8.75
Broiler 98+7.02
50 107+14.46 13.5
100 9943.44 3.47

* Each result represents the mean +SD of six determinations (duplicate spiking and triplicate analysis).
“Relative Standard Deviation (RSD): calculated as standard deviation/mean x 100.

Critical values for AFB;, AFG,, AFB, and AFG, recovery (%) according to the Commission of the European
Communities (2006): 1 —10ng g =70 — 110%; >10ng g = 80 — 110%.

According to the Commission of the European Communities (2006) the
critical values for recovery of AFB;, AFG;, AFB, and AFG, are 70 — 110%, for
concentrations between 1 to 10 ng g', and 80 — 110% for concentrations higher than 10 ng g
! Therefore, the standardized ic-ELISA showed adequate accuracy because the recovery rates
remained within the recommended values.

Aflatoxin levels in feed samples intended for broiler (n = 34) and intended
for laying hen (n = 36) analyzed by ic-ELISA, HPLC and commercial ELISA are shown in
table 3. The analysis of broiler feeds (n = 34) by HPLC detected AFB; in 88.2% and AFB; in
26.5% samples. AFG; and AFG, were not detected in any sample. Considering total
aflatoxins, 88.2% samples were contaminated at levels ranging from 0.79 to 60.80 ng g’
(mean = 8.41 ng g') by HPLC, while analysis carried out by ic-ELISA detected 88.2%
aflatoxin positive samples at levels ranging from 2.20 to 60.45 ng g"' (mean = 10.48 ng g™).
Commercial ELISA (Ridascreen”) detected aflatoxins in 100% samples at levels ranging
from 2.66 to 69.32 ng g (mean = 14.46 ng g). In four samples, aflatoxins were not detected
by ic-ELISA but were detected by HPLC, probably because the levels were close to the LOD
of ic-ELISA. However, in four samples aflatoxins were not detected by HPLC but were
detected by both ELISA tests. The linear coefficients of correlation (r) were 0.97 between
HPLC and ic-ELISA, 0.76 between HPLC and Ridascreen® ELISA and 0.82 between
Ridascreen” ELISA and ic-ELISA (Figure 2).
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Figure 2 — Correlation between HPLC, ic-ELISA and ELISA Ridascreen® data for aflatoxin
determination in naturally contaminated feed samples intended for broilers
(column A, n = 34) and for laying hens (column B, n = 36).
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Table 3 —Natural occurrence of aflatoxins in feed samples intended for broilers and for laying hens evaluated by ic-ELISA, ELISA Ridascreen™ and

HPLC.
) ELISA
o ic-ELISA - ) ® - HPLC
Positive Positive Ridascreen Positive
Feed N  samples . X samples . X samples Aflatoxins
Aflatoxins (ng g ) Aflatoxins (ng g ) '
(%) (%) (%) (ngg’)
Mean Range Mean Range Mean Range
30 30
Broilers 34 10.48 2.20 - 60.45 100 14.46 2.66 — 69.32 8.41 0.79 —60.80
(88.2) (88.2)
33 35 33
Laying hens 36 20.83 2.90 —96.8 24.24 1.90 -111.48 19.75 1.03 —91.04
(92.0) (97.2) (92)

ND = not detected aflatoxins: ic-ELISA: < 2.20 ng g”* (broilers) and 2.90 ng g (laying hens); ELISA Ridascreen™: < 2.66 ng g (broilers) and 1.90 ng g (laying hens);
HPLC: <0.79 ng g (broilers) and 1.03 ng g (laying hens).
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Laying hen feeds (n = 36) showed aflatoxin contamination in 92% samples
at levels ranging from 2.90 to 96.80 ng g™’ (mean = 20.83 ng g™') assessed by ic-ELISA and in
97.2% samples at levels ranging from 1.90 to 111.48 ng g (mean = 24.24 ng g") by
Ridascreen® ELISA. HPLC analysis detected AFB; in 89.7%, AFB, in 35.9% and AFG; in
2.6% samples. Regarding total aflatoxins, 92% samples were contaminated at levels ranging
from 1.03 to 91.04 ng g’ (mean = 19.75 ng g). In one sample aflatoxins were not detected
by the three methods and in one sample they were detected only by Ridascreen® ELISA. In
one sample aflatoxins were not detected by HPLC but were detected by both ELISAs. The
linear coefficients of correlation (r) were 0.98 between HPLC and ic-ELISA, 0.93 between
HPLC and Ridascreen® and 0.95 between Ridascreen” ELISA and ic-ELISA (Figure 2).
These differences are probably due to the use of imunoaffinity column for clean up prior to
HPLC analysis which can minimize matrix interferences (Krska et al., 2008). However, high
correlation coefficients were obtained independently of the method or the type of feed. Zheng
et al. (2005) reported a similar coefficient of correlation (0.95) between AgraQuant®™ ELISA
and HPLC for corn matrix.

The ic-ELISA/HPLC ratio for feed samples intended for broiler and for
laying hen ranged from 0.65 to 3.69 and from 0.49 to 4.27, respectively, however, most of
samples (52.9% and 61.1%) showed ratios between 0.81 and 1.8 (Table 4). The
overestimation of mycotoxin levels by immunoassay has already been reported (Chinaphuti,
Trikarunasawat, Wongurai and Kositcharoenkul, 2002; Zheng et al., 2005). In immunoassays,
the sample matrix may contain compounds with similar chemical groups which could also
bind to the antibodies and can lead to underestimates or overestimates the mycotoxin
concentrations in commodity samples (Zheng et al., 2005).

In Brazil, the maximum allowed limit for aflatoxins in any product intended
for animal feeding is 50 ng g (sum of the four analogues) (Brasil, 1988). For mature poultry,
100 ng g (sum of the four analogues) are the maximum allowed level in the United States of
America (USA) while in European Union (EU) are 20 ng g'1 (AFB)) (FAO, 2004). Therefore,
in this study 86.7% and 93.3% (ic-ELISA) and 90% and 96.7% (HPLC analysis) feed samples
intended for broiler showed aflatoxin levels below the maximum allowed levels in EU and
Brazil. For laying hen feed samples these rates were 60.6% and 90.9% (ic-ELISA) and 60.6%
and 93.9% (HPLC analysis), respectively. No sample of both feed types showed levels above
the USA legislation.
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The standardized ic-ELISA showed linearity, precision, accuracy, high
sensitivity and high correlation coefficient with HPLC indicating its potential for aflatoxin
screening in poultry feed samples, adding advantages such as simplicity, reduction of organic

solvents and analysis of large number of samples which reduces the cost of analysis.

Table 4 —ic-ELISA/HPLC ratio in feed intended for broilers and for laying hens from
northern Parand State.

] Broiler Laying hen
ic-ELISA/HPLC
ratio (n=34) (n=36)
N (%) N (%)
ND — ND* 2 (5.56)
ND-D 4 (11.77) 1(2.78)
D -ND 4 (11.77) 1(2.78)
0.40-0.6 - 1 (2.78)
0.60 - 0.8 1 (2.94) 3(8.33)
0.81-1.0 4 (11.77) 5(13.89)
1.01-1.2 7 (20.59) 10 (27.78)
1.21-1.4 2 (5.88) 3(8.33)
1.41-1.6 1 (2.94) 3(8.33)
1.61-1.8 4 (10.26) 1(2.78)
1.81-2.0 3 (8.82) -
2.01-2.2 2 (5.88) 1 (2.78)
2.21-2.41 - 2 (5.56)
25-2.92 1(2.94) 2 (5.56)
3.7-43 1(2.94) 1(2.78)

* ND = not detected aflatoxins: ic-ELISA: < 2.20 ng g”' (broiler)
and 2.90 ng g (laying hen); HPLC: <0.79 ng g (broiler) and
1.03 ng g”' (laying hen).

N = number of samples.
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EVALUATION OF FUMONISIN AND AFLATOXIN LEVELS IN BROILER FEED FROM NORTHERN

PARANA STATE, BRAZIL

Abstract

Natural mycoflora and co-occurrence of fumonisins and aflatoxins were evaluated in four
feed types intended for broilers (n = 158), collected from a poultry breeding in northern
Parana State, Brazil, in 2010. Aspergillus sp. and Penicillium sp. were the prevalent genera
(97 to 100%) while Fusarium sp. was detected at lower frequencies (11 to 30.3%).
Fumonisins and aflatoxins were detected, respectively, in 100% and 44% of pre-starter
samples; in 100% and 55% of starter samples; in 92% and 86% of grower samples and in 91%
and 82% of finisher samples. In most samples (75% and 93%) fumonisin and aflatoxin levels
were below 1.0 ug g and 6.0 ng g, respectively. All the samples showed fumonisin levels
below the Lowest Observed Adverse Effect Level (2 mg kg™ body weight day) for broilers.
Moreover in 96.4% positive samples aflatoxin levels were below the safe limit established by
the European Food Safety Authority.

Keywords: Poultry feed. Mycotoxins. Mycotoxin exposure degree.

1 INTRODUCAO

In the last three decades, the Brazilian poultry industry has shown high
growth rates. Currently the country is the third largest producer of broilers and the leading
exporter, supplying 142 countries (MAPA, 2011). In 2010, the Parana State, the largest
national producer, accounted for 28.5% of the production and 26.2% of exports
(SINDIAVIAPAR, 2011).

In Brazil, 70% to 80% corn produced is intended for animal feed industry
and of these, 51% are directed to the poultry industry (Nunes, 2008). However, the natural
occurrence of mycotoxins in corn can cause serious losses to the poultry industry (CAST,
2003).

Mycotoxins are toxic secondary metabolites produced by filamentous fungi
which can cause acute and/or chronic intoxication symptoms in both humans and animals at
low concentration levels. The main groups of mycotoxins contaminating corn include
fumonisins and aflatoxins, due to the frequent occurrence and the high toxic potential to
poultry (CAST, 2003). Aflatoxins, produced mainly by Aspergillus flavus and A. parasiticus,
have high toxicity, and fumonisins, produced by Fusarium verticillioides and F. proliferatum,
are the most frequent mycotoxins in corn and derivatives (CAST, 2003).

In poultry, fumonisins and aflatoxins can cause an increase in liver, kidney,

pro-ventricle and gizzard weight, multifocal hepatic necrosis, biliary hyperplasia, diarrhea,
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immunosuppression and decreased feed intake, weight gain and egg weight and production
(Brown, Rottinghaus & Williams, 1992; CAST, 2003). Moreover, the co-occurrence of these
mycotoxins frequently results in a potentiation of these effects and of lesions in liver and
kidneys (del Bianchi, Oliveira, Albuquerque, Guerra & Correa, 2005; Tessari, Oliveira,
Cardoso, Ledoux & Rottinghaus, 2006).

The isolation of A. flavus and F. verticillioides and the co-occurrence of
aflatoxins and fumonisins in poultry feed have frequently been reported (Wang, Liang, Chau,
Dien, Tanaka & Ueno, 1995; Oliveira et al., 2006; Beg, Al-mutairi, Beg, Al-mazeedi, Ali and
Saeed, 2006). In addition, these toxins can also pass from contaminated commodities through
poultry and occur in tissues, blood, breasts, gizzard, liver and eggs (aflatoxins) and in liver
(fumonisins) consisting in a potential risk to the human consumer (del Bianchi et al., 2005;
Herzallah, 2009; Salwa & Anwer, 2009).

The high frequency and mycotoxin co-contamination in agricultural staples
and animal feed can cause serious losses to the poultry industry. Taking into account that
mycotoxins cannot be removed by industrial processing and the potential risk to human health
by consuming poultry meat and derivatives, monitoring feed contamination is essential.
Therefore, the aim of this study was to evaluate the co-ocurrence of fumonisins and aflatoxins

in feed intended for broilers from Northern Parana State, Brazil.

2 MATERIAL AND METHODS

2.1 SAMPLING

A total of 158 pelleted feed samples belonging to four feed types (pre-
starter, starter, grower and finisher) were collected from June to August 2010, during one
cycle of production, from a poultry breeding in the northern Parana State, Brazil. Sampling
was performed three times a day (morning, midday and afternoon) from the deposits of
Tuboflex feeders. After homogenization, 500 g of each feed sample was sent to the laboratory
and maintained at 4 °C for a maximum of 7 days for microbiological analysis. For fumonisin
and aflatoxin determination, 200 g of each sample were ground to 50 mesh and stored at - 20

°C.
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2.2 MYCOFLORA ANALYSIS

Sub-samples (10 g) of feed, ground to 50 mesh, were blended with 90 ml of
sterile 0.1% peptone water (v/v), and serial dilutions were carried out with 9.0 ml of the same
diluent to 10 . One milliliter of each dilution was transferred into a Petri dish and pour-plated
with potato dextrose agar (PDA, pH 4.0), added to 50 ug ml" chloramphenicol and incubated
at 25 °C for 7 days. After total fungal colony count, mould genera were identified according

to Singh, Frisvad, Thrane, and Mathur (1991).

2.3 WATER ACTIVITY (Aw) DETERMINATION

Water activity was determined by Aqua Lab/Decagon CX-2 using distillated
water for calibration (a,, = 1,000+0,003) at 20 — 25 °C.

2.4 FUMONISIN ANALYSIS

Fumonisins B; and B, were analyzed by high performance liquid
chromatography (HPLC) according to Shephard, Sydenham, Thiel, and Gelderblom (1990)

with some modification (Ueno et al., 1993).

2.4.1 Extraction and Clean-up

Sub-samples (10 g) of feed were mixed with 30 ml methanol: water (3:1,
v/v), shaken at 150 rpm for 30 min, and filtered trough Whatman n° 1 filter paper. The filtrate
(1.0 ml) was applied to preconditioned Sep-Pak Accell Plus QMA cartridge (Waters
Corporation, Milford, MA) with methanol (5 ml) followed by methanol: water (3:1, 5 ml).
After washing the cartridge with methanol: water (3:1, 6 ml) followed by methanol (3 ml),
fumonisins were eluted with 10 ml methanol containing 0.5% acetic acid. The eluate was

evaporated to dryness at 40 °C.
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2.4.2 HPLC analysis

The sample residue was dissolved in methanol-water (3:1, 800 pl) and a
200 pl aliquot dried under nitrogen. After derivatisation with 200 pl O-phthaldialdehyde
reagent, HPLC injections were made within 1 min. Fumonisins were analyzed by a reversed-
phase isocratic HPLC system (Shimadzu LC-10 AD pump and RF-10A XL fluorescence
detector), using a Luna C-18 Phenomenex column (250 x 4.6 mm, 5 pm, Scharlau, Barcelona,
Spain). Excitation and emission wavelengths were 335 and 450 nm, respectively. The eluent
was CH;0H:0.1 mol 1! NaH,PO, (80:20, v/v) pH 3.3. The flow rate was 1 ml min!. The
detection limits for FB, and FB, were 27.5 and 35.3 ng g, respectively, defined as the
minimum amount of toxin that could generate a chromatographic peak five times over the

height/noise rate of the baseline.

2.5 AFLATOXIN ANALYSIS BY IC-ELISA

Aflatoxins were determined by a monoclonal antibody based indirect
competitive enzyme-linked immunosorbent assay (ic-ELISA) according to Kawamura,
Nagayama, Sato, Ohtani, Ueno and Ueno (1988). The monoclonal antibody (mAb) was
produced by hybridoma cell line AF.2, which was prepared at Kagawa University (Japan).
This mAb cross-reacted with AFB; (100%), AFB; (133%), AFG; (13.4 %) and AFG, (14.7
%), but it showed very low cross-reactivty against AFL;, AFL,, AFM;, AFQ; and AFB,,.
Polystyrene microtitre plate wells (Corning, New York, USA) were coated with 100 ul AFB;-
BSA (2.5 ug ml™) in phosphate-buffered saline (PBS) 0.015 mol I'' pH 7.3 at 4 °C overnight.
The microtitre plates were washed five times after each incubation step with PBST (PBS +
0.05% Tween). In order to minimize nonspecific binding, the wells were blocked with 200 ul
0.1% ovalbumin in PBS at 37 °C for 1 h. After the washing step, 50 pul anti aflatoxin B,
monoclonal antibody (diluted 10,000-fold in PBST) and 50 pul AFB, standards (0.05 — 10.00
ng ml") or feed extracts were added, and incubated at 25 °C for 1 h. Following a washing
step, 100 pl horseradish peroxidase labeled goat anti-mouse IgG (IgG-HRP, diluted 7,000-
fold in PBST) were added and incubated at 25 °C for 1 h. The plates were washed again, and
100 pl 3,37,5,5 -tetramethylbenzidine (TMB) solution were added. The color development
was stopped after 20 min with 100 pl 1 mol I H,SO,. The absorbance was measured at 450
nm in ELISA microplate reader (Bio-Tek Instruments ELX800, USA). The average
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absorbance was calculated from the individual absorbance obtained from triplicate wells and

results were expressed as percentage of binding:

Binding (%) = A"/A" x 100

Where A" is the mean absorbance in the presence of aflatoxin standard or
feed extract sample and A" is the mean absorbance in their absence.

The ic-ELISA was previously validated and its performance was compared
to HPLC. The detection limit for aflatoxins (1.25 ng g') was calculated as 3-fold the standard
deviation of absorbance from three replicate wells of unspiked sample analysed on 7 different
days.

The correlation coefficient (R) between ic-ELISA and HPLC was 0.97 and
it was calculated by comparing the aflatoxin concentrations in 34 naturally contaminated feed

samples by Pearson correlation test (Statistic software, Version 7.0, Tulsa, OK, USA).

2.6 STATISTICAL ANALYSIS

Differences in mean values of Fusarium sp., Penicillium sp., Arpergillus
sp., total fungal colony count, fumonisin, aflatoxin and water activity among the four types of
feed samples were evaluated statistically using ANOVA, followed by the Tukey multiple-
comparison test (p < 0.05). Statistical analysis was performed by Statistic software, version

7.0 (Stat Soft, Inc., Tulsa, OK, USA).

3 RESULTS AND DISCUSSION

The relative frequency of the main fungal genera in 158 feed samples
intended for broilers belonging to four types is shown in Table 1. Aspergillus sp. and
Penicillium sp. were the prevalent genera (97 to 100%) for the four feed types while
Fusarium sp. was detected at lower frequencies of contamination ranging from 11% for pre-
starter to 30.3% for finisher feed.

Despite at higher frequencies, the predominance of Penicillium sp. and
Aspergillus sp. (Table 1) is in accordance with the data reported by Oliveira et al. (2006).
Penicillium sp. and Aspergillus sp. were detected in 41.26% and 33.33%, respectively, while
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Fusarium sp. in 20.63% poultry feed samples (n = 480) from two factories of Rio de Janeiro
State, Brazil (OLIVEIRA et al., 2006).

As shown in Table 1, the main fungal genera (Aspergillus sp., Penicillium
sp. and Fusarium sp.) were detected, predominantly, in the range from <10° to <10* CFU g
There was no significant difference (p < 0.05) in the mean Penicilium sp. count among all the
types of feed. For Fusarium sp. contamination, mean of pre-starter differed from the other
types of feed except of starter, while pre-starter and grower feed showed significant difference
in mean Aspergillus sp. count (Table 1). Rosa et al. (2006) reported higher mean
contamination of Aspergillus sp. (4.06 x 10° CFU g) and Penicillium sp. (3.98 x 10* CFU g’
" in 96 samples from four factories of Rio de Janeiro State.

The a,, values ranged from 0.51 to 0.755 (Table 1) which could favored the
high frequency of Aspergillus sp. and Penicillium sp. According to Maciorowski, Herrera,
Jones, Pillai and Ricke (2007) when the water activity of the grain decreases to a range from
0.68 to 0.80 there is predominance of these genera.

Fumonisin (FB; and FB;) levels in 158 feed samples are shown in Table 2.
FB, and FB, were detected in 100% pre-starter and starter samples at mean levels of 0.41 and
0.45 pg g, for FBy, and 0.27 and 0.16 pg g, for FB,, respectively. In grower and finisher
samples, FB| was detected in 91.9% and 91% with mean values of 0.48 pug g and 0.40 pg g
! respectively. FB, was detected in 81.1% (grower) and 45.5% (finisher) samples at mean
level of 0.23 ug g'. There was no significant difference (p < 0.05) in the mean fumonisin
levels among all the feed types.

The high frequency of fumonisin is in accordance with those reported by
Jindal, Mahipal and Rottinghaus (1999), Oliveira et al. (2006) and Labuda, Parich, Vekiru and
Tancinova (2005). Jindal, Mahipal and Rottinghaus (1999) detected FB; in 84% poultry feed
samples (n = 50) from Haryana, India, at levels ranging from 0.02 to 28 pg g™'. Oliveira et al.
(2006) detected FB; in 97.8% poultry feed samples ( n = 480) from Rio de Janeiro State,
Brazil at levels ranging from 1.5 to 5.5 pg g"'. Labuda et al. (2005), analyzing poultry feed
from Slovakia, detected FB; (mean = 0.22 ug ") in 97.3% and FB, (mean = 0.08 pg g™') in
81% pre-starter feed (n = 37); FB; in 100% (mean = 0.36 pug g’') and FB, in 86% (mean = 0.15
ng g') grower feed (n = 7) and FB; and FB, in 100% finisher feed (n = 6) at mean levels of
0.16 pg g and 0.05 pg g, respectively.

Despite the high frequency of contamination all the samples showed

fumonisin levels below the maximum allowed for broilers established by FDA (2001) (100 pg
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g of sum FB,, FB, and FB;) and for poultry by Official Journal of the European Union
(2006) (20 pg g of sum FB; and FB,). As shown in Table 2 and Figure 1 low fumonisin
levels ranging from 0.1 to 1.0 pg g were predominant in samples from all the feed types.
These fumonisin levels (Table 2) were lower than those reported by Beg et al. (2006) in
broiler feed from Kuwait detected 100% fumonisin positivity in 14 starter feed (mean = 2.4

ng ¢’') and in 19 finisher feed samples (mean = 3.2 pug g') at levels ranging from 0.22 to 6.0
-1
Hg g .

Table 1 — Water activity (ay) and relative frequency of the main fungal genera and
distribution of fungal counting levels in four feed types collected from a poultry
breeding in the Northern Parana State (n=158).
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RF* = Relative Frequency.
Total Count* = Total mould and yeast count

? Means followed by the same letter are not significantly different by the Tukey test (p < 0.05).
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Feed N FB1(Hg g™) FB2 (g g7) FB:1+FB, (g o)
Positive Positive
Mean Median Range Mean Median Range Mean® Median Range
samples* samples*
Pre-starter 18 100% 0.41 0.45 0.20-0.61 100% 0.27 0.31 0.09 — 0.40 0.68* 0.77 0.31-1.00
Starter 33 100% 0.45 0.32 0.11-2.03 100% 0.16 0.16 0.08 —0.33 0.60° 0.46 0.19-2.15
Grower 74  91.9% 0.48 0.49 0.05-1.11 81.1% 0.23 0.20 0.04 - 0.90 0.73° 0.77 0.10 - 1.81
Finisher 33 91% 0.40 0.26 0.06 — 1.86 45.5% 0.23 0.08 0.04-0.51 0.56° 0.33 0.12-1.19

* Detection limit: FB; =27.5ng g"'; FB,=353ng g’
" Means followed by the same letter are not significantly different by the Tukey test (p < 0.05).
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Although the samples showed high frequency of contamination with
fumonisin, frequency of Fusarium sp. was low probably due to the pelletization of feed.
According to Pettersson (2004) commercial feeds are frequently extrused, pelletizated and
added by propionic or formic acids to reduce the mould growth and Salmonella sp. Thus,
microbiological methods may not reveal whether the feed or its ingredients had low
contamination before processing. Mycotoxins, however, can be detected due to their chemical
stability.

The relative frequency and aflatoxin levels are shown in Table 3. Aflatoxins
were detected in 44% pre-starter and 55% starter samples at levels ranging from 1.60 to 3.50
ng g (mean = 2.33 ng g") and from 2.20 to 46.30 ng g (mean = 5.70 ng g’'), respectively.
Grower and finisher samples showed the highest positivity for aflatoxins (82%) with levels
ranging from 1.90 to 60.45 ng g (mean = 6.27 ng g') and from 2.0 to 5.58 ng g"' (mean =
3.65 ng g). There was no significant difference (p < 0.05) in mean aflatoxin levels among all
the types of feed.

Aflatoxin levels detected in pre-starter and finisher feeds (Table 3) were
lower than data reported by Oliveira et al. (2006), however, were higher than those reported
by Beg et al. (2006). Oliveira et al. (2006) detected aflatoxins in 66.7% poultry feed samples
(n = 480) from two factories from Rio de Janeiro State, Brazil, at levels ranging from 1.2 to
17.5 ng g, In 64.5% samples there were co-occurrence of FB; and AFB;. Beg et al. (2006)
detected aflatoxins in 71% starter feed (n = 24) at mean level of 0.484 ng g and in 82.2%
finisher feed (n = 28, mean = 0.387 ng g") from Kuwait.

Despite the wide range of aflatoxin levels detected in starter and grower
feed samples (Table 3), these levels were lower than those reported by Dalcero, Magnoli,
Chiacchiera, Palacios and Reynoso (1997). Dalcero et al. (1997) analyzed 300 poultry feed
samples from five factories from Cordoba, Argentina, and detected AFB; levels ranging from
17t0 197 ng g™

In Brazil, the maximum limit allowed for aflatoxins in any product intended
for animal feeding is 50 ng g'1 (AFB; + AFB; + AFG; + AFG;) (Brasil, 1988). In United
States of America and European Union the maximum allowed levels, for mature poultry, are
100 ng g (AFB, + AFB, + AFG, + AFG,) and 20 ng g"' (AFB,) (FAO, 2004), respectively.
Thus, out of 158 feed samples, one starter and three grower samples showed aflatoxin levels

higher than those allowed by European Union; and in one grower sample aflatoxin level was
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above the maximum limit allowed in Brazil. However, in most samples (93%) aflatoxin levels

were below 6.0 ng g (Figure 1).

Table 3 —Relative frequency and aflatoxin levels in feed samples (n=158) intended for broiler
from Northern Paran4 State.

Feed N Aflatoxins (ng g™)
Positive samples™ Mean" Median Range
Pre-starter 18 44 % 2.33° 2.3 1.60 —3.50
Starter 33 55% 5.70° 3.3 2.20-46.30
Grower 74 82 % 6.27"° 3.6 1.90 — 60.45
Finisher 33 82% 3.65° 3.4 2.00 —-5.58

* Detection limit: 1.25 ng g
® Means followed by the same letter are not significantly different by the Tukey test (p < 0.05).
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Figure 1 — Distribution of fumonisin (FB; +FB,) levels (A) and aflatoxin levels (B) in feed
samples from Northern Parané State.
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Taking into account the results obtained in this study fumonisin exposure
degree of broilers was determined based on the daily probable consume of these toxins.
According to the European Food Safety Authority - EFSA (2005) the lowest FB; level which
causes adverse effect (LOAEL - lowest observed adverse effect level) in broilers is 2 mg kg™

body weight per day. Considering the highest FB; levels detected in the four feed types and,
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for male broilers, the maximum consumption and body weight (bw) reached at the four
stages, according to Cobb Vantress manual (2008), the maximum FB; consumption would be
0.085, 0.25, 0.087 and 0.121 mg kg™’ body weight per day for pre-starter, starter, grower and
finisher feeds, respectively (Table 4). These levels are much lower than the LOAEL
indicating that 100% samples were safe for broiler consumption.

Concerning aflatoxins, according to the EFSA (2004), the margin between
toxic doses (> 1.5 pg g feed) and the statutory limit (20 ng g feed), of at least 75-fold,
would provide adequate protection from adverse effects to animal health. Therefore in this
study 96.4% of positive samples showed levels below the statutory limit.

In summary, low fumonisin and aflatoxin levels were detected in most of
the feed samples from Northern Parana State. Taking into account that more and more strict
guidelines on mycotoxin contamination have been imposed by the importing countries, the
most effective control measure depends on a rigorous program of monitoring the feed
producing chain in order to minimize health risks, increase productivity and ensure poultry

products quality.



Table 4 — Weight, feed consumption, FB; levels and maximum FB; probable daily intake at the four stages of poultry breeding.

Feed Stages Weight  Feed consumption FB; Maximum FB; probable daily intake
ee _
(days) (kg) () (Mg g™ (mg kg™ body weight per day)
Pre-starter 1°-7° 0.18 25 0.61 0.085
Starter g°-21° 0.90 111 2.03 0.25
Grower 22°-42° 2.70 211 1.11 0.087

Finisher 43° - 49° 3.30 215 1.86 0.121

91



92

4 ACKNOWLEDGEMENTS

The authors acknowledge the CNPq (the Brazilian Government organization
for grant aid and fellowship to Brazilian researchers) in association with MAPA (Ministery of
Agriculture, Livestock and Food Supply), the Araucaria Foundation (Parand State grant),
Parana Fund/SETI and CAPES (Coordination for formation of High Level Professionals) —
Nanobiotechnology Network Program (04/CII-2008) for financial support. The CNPq
research productivity fellowship is greatly appreciated by E.Y.S.Ono, M.A. Ono and
E.Y.Hirooka.



93

References

Beg, M. U., Al-Mutairi, M., Beg, K. R., Al-Mazeedi, H. M., Ali, L. N., Saeed, T. (20006).
Mycotoxins in Poultry Feed in Kuwait. Archives of Environmental Contamination and
Toxicology, 50, 594-602.

Brasil, Ministério da Agricultura. (1988). Portaria MA/ SNAD/ SFA n° 07, de 09/11/88.
Diério Oficial da Unido, Brasilia, 9 nov. 1988. Secdo I, p.21968.

Brown, T. P., Rottinghaus, G. E. & Williams, M. E. (1992). Fumonisin mycotoxicosis in
broilers: Performance and pathology. Avian Diseases, 36, 450-454.

CAST (2003). Council for Agricultural Sciences and Technology - Task Force Report.
Mycotoxins: risks in plant, animal, and human systems. Ames, [owa.

Cobb-Vantress (2008). Suplemento de crescimento e nutri¢ao para frangos de corte. Available
from: <http://www.cobb-vantress.com/contactus/brochures/Cobb500 BPN PORT.pdf>.
Accessed 2010 November 11.

Dalcero, A., Magnoli, C., Chiacchiera, S., Palacios, G. & Reynoso, M. M. (1997). Mycoflora
and incidence of aflatoxin B;, zearalenone and deoxynivalenol in poultry feeds in Argentina.
Mycopathologia, 137, 179-184.

Del Bianchi, M., Oliveira, C. A. F., Albuquerque, R., Guerra, J. L. & Correa, B. 2005. Effects
of Prolonged Oral Administration of Aflatoxin B; and Fumonisin B; in Broiler Chickens.
Poultry Science Association, 84, 1835-1840.

EFSA (2004). European Food Safety Authority. Opinion of the Scientific Panel on
Contaminants in Food Chain on a request from the Commission related to Aflatoxin B, as
undesirable substances in animal feed. The EFSA Journal. 39, 1-27.

EFSA (2005). European Food Safety Authority. Opinion of the Scientific Panel on
Contaminants in Food Chain on a request from the Commission related to fumonisins as
undesirable substances in animal feed. The EFSA Journal, 235, 1 — 32.

FAO (2004). Food and Agriculture Organization of the United Nations. Worldwide
regulations for mycotoxins in food and feed in 2003. Rome, 2004.

FDA (2001). U. S. Food and Drug Administration Center for Veterinary Medicine.
Background Paper in Support of Fumonisin Levels in Animal Feed: Executive Summary of

this Scientific Support Document - Guidance for Industry: Fumonisin Levels in Human Foods
and Animal Feeds. 12

Herzallah, S. M. (2009). Determination of aflatoxins in eggs, milk, meat and meat products
using HPLC fluorescent and UV detectors. Food Chemistry, 114, 1141-1146.

Jindal, N., Mahipal, S. K. & Rottinghaus, G. E. (1999). Occurrence of fumonisin B, in maize
and poultry feeds in Haryana, India. Mycopathologia, 148, 37-40.



94

Kawamura, O., Nagayama, S., Sato, S., Ohtani, K., Ueno, I. & Ueno, Y. (1988). A
monoclonal antibody-based enzyme-linked immunosorbent assay of alatoxin B; in peanut
products. Mycotoxin Research, 4, 75-87.

Labuda, R., Parich, A., Vekiru, L & Tancinova, D. (2005). Incidence of fumonisins,
moniliformin and Fusarium species in poultry feed mixtures from Slovakia. Annals of
Agricultural and Environmental Medicine. 12, 81-86.

Maciorowski, K. G., Herrera, P., Jones, F. T., Pillai, S. D. & Ricke, S. C. (2007). Effects on
poultry and livestock of feed contamination with bacteria and fungi. Animal Feed Science and
Technology, 133, 109-136.

MAPA (2001). Ministério da Agricultura Pecudria e Abastecimento. Available from:
<http://www.agricultura.gov.br/portal/page/portal/Internet-MAPA/pagina-
inicial/animal/especies/aves>. Accessed 2011 July 25.

Nunes, J. L. S. (2008). Agrolink — culturas — milho — comercializagdo- consumo. Available
from: <http://www.agrolink.com.br/culturas/milho/comercializacao.aspx>. Accessed 2009
June 08.

Official journal of the European Union (2006). Commission Recommendation of 17 August
2006 on the presence of deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and
fumonisins in products intended for animal feeding.

Oliveira, G. R., Ribeiro, J. M., Fraga, M. E., Cavaglieri, L. R., Direito, G. M., Keller, K. M.,
Dalcero, A. M. & Rosa, C. A. (2006). Mycobiota in poultry feeds and natural occurrence of
aflatoxins, fumonisins and zearalenone in the Rio de Janeiro State, Brazil. Mycopathologia,
162, 355-362.

Pettersson, H. (2004). Controlling mycotoxins in animal feed. In: N., Magan & M., OLSEN
(Eds.), Mycotoxins in food: detection and control (Chapter 12 — 1rd ed.). Cambridge,
England: Woodhead Publishing Limited.

Rosa, C. A. R., Ribeiro, J. M. M., Fraga, M. J., Gatti, M., Cavaglieri, L. R., Magnoli, C. E.,
Dalcero, A. M. & Lopes, C. W. G. (2006). Mycoflora of poultry feeds and ochratoxin-
producing ability of isolated Aspergillus and Penicillium species. Veterinary Microbiology,
113, 89-96.

Salwa, A. A. & Anwer, W. 2009. Effect of naturally contaminated feed with aflatoxins on
performance of laying hens and the carryover of Aflatoxin B, residues in table eggs. Pakistan
Journal of Nutrition. 8, 2,181-186.

Shephard, G. S., Sydenham, E. W., Thiel, P. G. & Gelderblom, W. C. A. (1990). Quantitative
determination of fumonisin B; and B, by high-performance liquid chromatography with
fluorescence detection. Journal of Liquid Chromatography, 13 (10), 2077-2087.

SINDIAVIAPAR (2001). Sindicato das Industrias de Produtos Avicolas do Estado do Parana.
Available from: <http://www.sindiavipar.com.br>. Accessed 2011 July 25.



95

Singh, K., Frisvad, J. C., Thrane, U. & Mathur, S. B. (1991). An illustrated manual on
identification of some seed-borne Aspergilli, Fusaria, Penicillia and their mycotoxins.
Hellerup, Denmark: Danish Government.

Tessari, E. N. C., Oliveira, C. A. F., Cardoso, A. L. S. P., Ledoux, D. R. & Rottinghaus, G. E.
(2006). Effects of aflatoxin B; and fumonisin B, on body weight, antibody titres and histology
of broiler chicks. British Poultry Science, 47, 3, 357-364.

Ueno, Y., Aoyama, S., Sugiura, Y., Wang, D. S., Lee, U. S., Hirooka, E. Y., Hara, S., Karki,
T., Chen, G. & YU, S-Z. (1993). A limited survey of fumonisins in corn and corn-based
products in Asian countries. Mycotoxin Research, 9, 27-34.

Wang, D-S., Liang, Y-X., Chau, N. T., Dien, L. D., Tanaka, T. & Ueno, Y. 1995. Natural co-
occurrence of Fusarium toxins and aflatoxin B, in corn for feed in North Vietnam. Natural
Toxins, 3, 445-449.



96

ARTIGO C

5.3 CO-OCCURRENCE OF AFLATOXINS AND FUMONISINS IN FEED INTENDED FOR LAYING HENS

FROM NORTHERN PARANA STATE, BRAZIL



97

CO-OCCURRENCE OF AFLATOXINS AND FUMONISINS IN FEED INTENDED FOR LAYING HENS

FROM NORTHERN PARANA STATE, BRAZIL

Abstract

Co-occurrence of aflatoxins and fumonisins were evaluated in 98 feed samples intended for
laying hens collected from January to December 2010 from the Experimental Farm of the
State University of Londrina, Parana State, Brazil. Aflatoxins and fumonisins were detected in
88.8 and 71.4% of samples at means of 12.37 ng g and 1.47 pg g, respectively, and 61.2%
of samples showed co-occurrence of both toxins. However, most of positive samples (53%)
showed aflatoxin levels below 5.0 ng g and 67.4% showed low fumonisin levels (from 0.03
to 2.0 pg g). All the samples showed fumonisin levels below the Lowest Observed Adverse
Effect Level (2 mg/kg body weight day) for broilers. Most of positive samples (84.3%)
showed aflatoxin levels below the maximum safety limit established by the European Food
Safety Authority.

Key words: Poultry feed. Mycotoxins. Exposure degree. Lowest Observed Adverse Effect
Level.

Introduction

Parana State is the third Brazilian commercial egg producer accounting for
7.5% of national production with 5.6 million laying hens. The Brazilian exports exceeded
27,000 tons in 2010 (UBA, 2010).

In Brazil approximately 51% of corn intended for feed industry are directed
to poultry (Nunes, 2008). However, corn and feed can be contaminated with mycotoxins
before harvest, during harvesting and storage, causing serious economic loses (CAST, 2003).

The mycotoxins likely to be of greatest significance in Brazil and other
tropical developing countries include aflatoxins, produced by Aspergillus flavus and A.
parasiticus (Diener et al. 1987), and fumonisins, wich are produced mainly by Fusarium
verticillioides and F. proliferatum (Thiel and Marasas, 1991).

Aflatoxins cause several biological effects, such as liver injuries, reduction
in growth rates, alterations in immune response and native defense mechanisms, in different
animal species, especially in domestic poultry (Pier, 1992). In laying hens, the main
manifestations of chronic aflatoxicosis, in experimental conditions, include reduction of
production and egg weight, increase of hepatic fat and alterations in serum enzyme levels
(Oliveira et al., 2001). In addition, when metabolized by hens these mycotoxins can occur in
eggs being an additional source for human aflatoxin contamination (Herzallah, 2009; Salwa;

Anwer, 2009).
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Herzallah (2009) detected naturally ocurring aflatoxins in 20% of eggs
collected on winter 2007 in Jordan at levels ranging from 0.31 to 5.80 ng g and in 5% of
eggs collected on spring at levels ranging from 0.20 to 5.15 ng g"'. Salwa and Anwer (2009)
detected low aflatoxin levels ranging from 0.03 to 0.09 ng g in eggs of laying hens which
receveid artificially contaminated feed with 25 to 100 ng g aflatoxins. However, AFB,
showed high stability to boiling with a maximum reduction of 1.0% after 20 minutes of
boiling.

Fumonisins also induce several toxicological effects in animals. In poultry,
these toxins can cause an increase in liver and kidney weight, liver necrosis, diarrhea,
immunosuppression and decreased weight gain (Ledoux et al., 1992). In experimental
conditions, Japanese quail showed decrease of weight gain, increase of liver weight and liver
necrosis (Oliveira et al., 2007).

Natural co-ocurrence of fumonisin and aflatoxins in feed is a worldwide
problem (Wang et al., 1995; Oliveira et al., 2006; Beg et al., 2006). Moreover the interaction
of these mycotoxins can result in a potentiation of negative effects on poultry such as
reduction in feed intake, body weight and in weight and egg production and lesions in liver
and kidneys (Ogido et al., 2004; del Bianchi et al., 2005). Wang et al. (1995) detected co-
occurrence of these mycotoxins in 63.3% of corn samples and corn powder for feeds (n = 30)
from Northern Vietnam. Oliveira et al. (2006) detected co-occurrence in 64.5% of poultry
feed samples (n = 480) from Rio de Janeiro State (Brazil) and Beg et al. (2006) detected
aflatoxin in 66.7% (n = 33) and fumonisin in 100% (n = 20) layer mash samples from Kuwait.
Addionally Prathapkumar et al. (1997) reported laying hens outbreaks in two farms from
India after consuption of feed contaminated with fumonisin (8.5 pg g'l) and aflatoxin B; (100
ng g') and with fumonisin (3.5 pg g') and aflatoxin B; (90 ng g'). Hens showed black sticky
diarrhoea, severe reduction in feed intake, egg production and body weigh. Overall 9,700
animals were affected and 20% died.

Taking into account that mycotoxin co-contamination in feed can lead to
enhancement of toxic effects on poultry and the potential hazard to human health due to
carryover of aflatoxin metabolites into eggs, the aim of this study was to evaluate the co-
occurrence of fumonisins and aflatoxins in feed intended for laying hens from Northern

Parana State, Brazil.
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Material and Methods

Sampling

A total of 98 mash feed samples intended for laying hens belonging to 40
batches of 500 kg, were collected from January to December 2010 from the Experimental
Farm of the State University of Londrina, Northern Parand State, Brazil. Sampling was
performed at the beginning, middle and final of each batch. After homogenization, 500 g of
each feed sample was sent to the laboratory and maintained at 4 °C for a maximum of seven
days for microbiological analysis. For fumonisin and aflatoxin determination, 200 g of each

sample were ground to 50 mesh and stored at - 20 °C.

Mycoflora analysis

Sub-samples (10 g) of feed, ground to 50 mesh, were blended with 90 ml of
sterile 0.1% peptone water (v/v), and serial dilutions were carried out with 9.0 ml of the same
diluent to 10 . One milliliter of each dilution was transferred into a Petri dish and pour-plated
with potato dextrose agar (PDA, pH 4.0), added to 50 ug ml" chloramphenicol and incubated
at 25 °C for 7 days. After total fungal colony count, mould genera were identified, according

to Singh et al. (1991).

Fumonisin analysis

Fumonisins B; and B, were analyzed by high performance liquid
chromatography (HPLC) according to Shephard, Sydenham, Thiel, and Gelderblom (1990)

with some modification (Ueno et al., 1993).

Extraction and clean-up

Sub-samples (10 g) of feed were mixed with 30 ml methanol: water (3:1,
v/v), shaken at 150 rpm for 30 min, and filtered trough Whatman n° 1 filter paper. The filtrate
(1.0 ml) was applied to preconditioned Sep-Pak Accell Plus QMA cartridge (Waters
Corporation, Milford, MA) with methanol (5 ml) followed by methanol: water (3:1, 5 ml).
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After washing the cartridge with methanol: water (3:1, 6 ml) followed by methanol (3 ml),
fumonisins were eluted with 10 ml methanol containing 0.5% acetic acid. The eluate was

evaporated to dryness at 40 °C.
HPLC analysis

The sample residue was dissolved in methanol: water (3:1, 800 pl) and a
200 pl aliquot dried under nitrogen. After derivatisation with 200 pl O-phthaldialdehyde
reagent (40 mg OPA, 1 ml methanol, 5 ml 0.1 M sodium borate and 50 pl 2-
mercaptoethanol), HPLC injections were made within 1 min. Fumonisins were analyzed by a
reversed-phase isocratic HPLC system (Shimadzu LC-10 AD pump and RF-10A XL
fluorescence detector), using a Luna C-18 Phenomenex column (250 x 4.6 mm, 5 pm,
Scharlau, Barcelona, Spain). Excitation and emission wavelengths were 335 and 450 nm,
respectively. The eluent was CH3;OH:0.1 mol 1" NaH,PO, (80:20, v/v) adjusted to pH 3.3
with orthophosphoric acid. The flow rate was 1 ml min’'. The detection limits for FB; and FB,
were 27.5 and 35.3 ng g, respectively, defined as the minimum amount of toxin that could
generate a chromatographic peak five times over the height/noise rate of the baseline.
Recoveries of FB, and FB, from spiked corn in the range 100400 ng g ' FB,; and 250450
ng g ' FB, averaged 95.6% (mean CV 8%) and 96.9% (mean CV 10%), respectively, based

on duplicate spiking and triplicate analyses.
Aflatoxin analysis by ic-ELISA

Aflatoxins were determined by a monoclonal antibody based indirect
competitive enzyme-linked immunosorbent assay (ic-ELISA) according to Kawamura,
Nagayama, Sato, Ohtani, and Ueno (1988). The monoclonal antibody (mAb) was produced by
hybridoma cell line AF.2, which was prepared at Kagawa University (Japan). This mAb
cross-reacted with AFB; (100%), AFB, (133%), AFG, (13.4 %) and AFG, (14.7 %), but it
showed very low cross-reactivity against AFL;, AFL,, AFM,, AFQ; and AFB,,. Polystyrene
microtitre plate wells (Corning, New York, USA) were coated with 100 ul AFB;-BSA (2.5 ug
ml™") in phosphate-buffered saline (PBS) 0.015 mol I' pH 7.3 at 4 °C overnight. The
microtitre plates were washed five times after each incubation step with PBST (PBS + 0.05%

Tween). In order to minimize nonspecific binding, the wells were blocked with 200 pl 0.1%
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ovalbumin in PBS at 37°C for 1 h. After the washing step, 50 ul anti aflatoxin B; monoclonal
antibody (diluted 10000-fold in PBST) and 50 pl AFB, standards (0.05 - 10 ng ml™) or feed
extracts were added, and incubated at 25 °C for 1 h. Following a washing step, 100 ul
horseradish peroxidase labeled goat anti-mouse IgG (IgG-HRP, diluted 7000-fold in PBST)
were added and incubated at 25 °C for 1 h. The plates were washed again, and 100 pl
3,3°,5,5 -tetramethylbenzidine (TMB) solution were added. The color development was
stopped after 20 min with 100 pl 1 mol 1! H,SO,4. The absorbance was measured at 450 nm in
ELISA microplate reader (Bio-Tek Instruments ELX800, USA). The average absorbance was
calculated from the individual absorbance obtained from triplicate wells and results were

expressed as percentage of binding:
Binding (%) = A"/A" x 100

Where A" is the mean absorbance in the presence of aflatoxin standard or
feed extract sample and A" is the mean absorbance in their absence.

The ic-ELISA was previously validated and its performance was compared
with HPLC. The detection limit for aflatoxins (1.41 ng g") was calculated as 3-fold the
standard deviation of absorbance from three replicate wells of unspiked sample analysed on 7
different days. The correlation coefficient (R) between ic-ELISA and HPLC was 0.98 and it
was calculated by comparing the aflatoxin concentrations in 40 naturally contaminated feed

samples by Pearson correlation test (Statistic software, Version 7.0, Tulsa, OK, USA).
Results and Discussion

The relative frequencies of the main fungal genera in 98 feed samples
intended for laying hens are shown in Figure 1. Fusarium sp. was the prevalent genera (99%),
followed by Penicillium sp. (97%) and Aspergillus sp. (90%). The mean fungal counts were
similar (10* CFU g™') and ranged from 1.0 x 10* CFU g (Aspergillus sp.) to 5.5 10* CFU g’
(Fusarium sp.) (Table 1).

Different data of genera prevalence in feed samples were reported. Dalcero
et al. (1997) detected prevalence of Penicillium sp. (98%) and Fusarium sp. (87%), whereas,
Aspergillus sp. were detected in 52% poultry feed samples (n = 300) from five factories in
Cordoba, Argentina. In a similar study, Dalcero et al. (1998) detected higher frequencies of
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Aspergillus sp. (85%) and Fusarium sp. (70%) in poultry feed samples (n =130) from two
factories in the same region. On the other hand, despite at lower frequencies, Oliveira et al.
(2006) reported prevalence of Penicillium sp. (41.3%) and Aspergillus sp. (33.3%), while
Fusarium sp. was detected in 20.6% poultry feed samples (n =480) from two factories of Rio

de Janeiro State, Brazil.

Figure 1 — Relative frequency of the main fungal genera in 98 feed samples intended for
laying hens from Northern Parana State.
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Table 1 — Profile of Fusarium sp., Penicillium sp., Aspergillus sp. and total fungal colony
count in 98 feed samples intended for laying hens from Northern Parana State.

Mean Range
Genera N 1
(CFUgY) (CFUgY)
Fusarium sp. 5,5x 10* 1,0x 10°-7,5x 10°
Penicillium sp. 1,3x 10 1,0x 10°-2,0x 10°
Aspergillus sp. 1,0 x 10* 1,0x10°-1,0x 10°
Total fungal colony count 2.4x10* 1,25x10°-2,9x 10°

The relative frequency and fumonisin levels in 98 feed samples for laying
hen are shown in Table 2. Total fumonisin levels (FB; + FB,) ranged from 0.20 to 5.06 pug g™
(mean = 1.47 pg g, median = 1.19 pg g') but, most samples (67.4%) showed low levels
ranging from 0.03 to 2.0 pg g (Figure 2). FB; was detected in 89.8% samples at levels
ranging from 0.03 to 3.22 pug g (mean = 0.87 pg g, median = 0.67 pg g), while FB, was
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detected in 78.6% samples at levels ranging from 0.04 to 1.84 pg g (mean = 0.49 pg g™,
median = 0.41 pg g'). Fumonisin levels (Table 2) were similar to those reported by
Westhuizen et al. (2003) and Beg et al. (2005), however were higher than data reported by
Martins et al. (2006). Westhuizen et al. (2003) detected fumonisins in 100% of corn samples
(n = 14) intended for animal feed from Southern Santa Catarina State, Brazil, at levels ranging
from 0.15 to 4.79 pg g (mean = 1.53 pg g™'). Beg et al. (2005) detected fumonisins in 100%
of layer mash samples from Kuwait (n = 20) at levels ranging from 0.22 to 6.0 pg g (mean =
2.6 ng g). Martins et al. (2006) analyzed 52 feed samples intended for laying hens from
Portugal and detected FB; in 19.2% samples at levels ranging from 0.050 to 0.109 pg g’
(mean = 0.098 pg g™"), while, FB, was not detected in any sample.

Table 2 - Fumonisin and aflatoxin contamination in 98 feed samples intended for laying hens
from Northern Parana State.

Fumonisins (ug g™ Aflatoxins (ng g™

FB1 FB, FB1 + FB;
Positive samples (%) * 89.8% 78.6% 71.4%
Mean 0.87 0.49 1.47 12.37
Median 0.67 0.41 1.19 4.82
Range 0.03 -3.22 0.04—-1.84 0.20-5.06 2.30-96.80

* Fumonisin detection limit: FB; =27.5ng g'; FB, =353 ng g’
Aflatoxin detection limit: 1.41 ng g”!

Figure 2 — Distribution of fumonisin (FB; +FB;) levels in 98 feed samplesintended for laying
hens from Northern Parand State.
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Despite the high frequency of contamination all the samples showed
fumonisin levels below the maximum allowed for laying hens established by FDA (2001) (30
g g of sum FB;, FB, and FB;) and for poultry by Official Journal of the European Union
(2006) (20 ug g of sum FB; and FB,).

The relative frequency and aflatoxin levels in 98 feed samples for laying
hens are shown in Table 2. Aflatoxins were detected in 71.4% samples at levels ranging from
2.30 t0 96.80 ng g (mean = 12.37 ng g, median = 4.82 ng g), however, most of positive
samples (53%) showed levels below 5.0 ng g (Figure 3). Out of 98 samples, 61.2% showed
co-contamination by fumonisins and aflatoxins. Aflatoxin levels (Table 2) were higher than
those reported by Oliveira et al. (2006) and Beg et al. (2006) but lower than those obtained by
Dalcero et al. (1997) and Dalcero et al. (1998). Oliveira et al. (2006) detected aflatoxins in
66.7% poultry feed samples (n = 480) from two factories from Rio de Janeiro State, Brazil, at
levels ranging from 1.2 to 17.5 ng g”'. Moreover, 64.5% samples showed co-contamination by
FB; and AFB; (OLIVEIRA et al., 2006). Beg et al. (2006) analyzed 33 layer mash samples

from Kuwait and detected aflatoxins in 66.7% samples at mean level of 0.212 ng g

Figure 3 — Distribution of aflatoxin levels in 98 feed samples intended for laying hens from
Northern Parana State.
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Dalcero et al. (1997) analyzed 300 poultry feed samples from Argentina and
detected AFB; levels ranging from 17 to 197 ng g™’ In a similar study, Dalcero et al. (1998)
detected AFB; levels ranging from 10 to 123 ng g in 130 poultry feed samples from the

same region.
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In Brazil, the maximum limit established for the sum of aflatoxins (AFB; +
AFB, + AFG, + AFG,) in any product intended for animal feeding is 50 ng g™ (Brasil, 1988).
In United States of America and European Union, the maximum allowed levels, for mature
poultry, are 100 ng g'1 (AFB; + AFB, + AFG; + AFG;) and 20 ng g'1 (AFB;) (FAO, 2004).
Thus, out of 98 feed samples, 12 and 3 samples showed aflatoxin levels higher than those
established by European Union and Brazilian guidelines, respectively.

Taking into account the results obtained in this study the fumonisin
exposure degree was determined considering the probable daily consumption of these toxins.
According to the European Food Safety Authority - EFSA (2005) the lowest level of FB,
which causes adverse effect (LOAEL - lowest observed adverse effect level) in broilers is 2
mg kg' body weight per day. Mature laying hens (age of 24 to 70 weeks) consume,
approximately, 100 g of feed per day and have a mean weight of 2 kg (Argdlo,
2010).Therefore, considering the highest FB; level (3.22 pg g') detected in this study the
maximum probable FB, daily intake would be 0.161 mg kg body weight per day, which is
approximately 12-fold below the LOAEL, indicating that feed samples were safe for poultry
consumption.

Concerning aflatoxins, according to the EFSA (2004), the maximum
allowed limit of 0.02 ug g feed is at least 75-fold lower than the toxic dose (> 1.5 pg g
feed), therefore, this limit would provide adequate protection from adverse effects on animal
health. Thus, in this study most of positive samples (84.3%) showed aflatoxin levels below
the maximum allowed limit.

In summary, 61.2% feed samples intended for laying hens from Northern
Parana State showed co-contamination with fumonisins and aflatoxins, but low levels of these
mycotoxins were detected in most samples. Therefore, monitoring studies and prevention of
natural mycotoxin contamination of feed ingredients and at storage period are essential in
order to minimize health risks, increase productivity and ensure poultry products and egg

quality.
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CONSIDERACOES FINAIS

Considerando a alta frequéncia de contaminagdo das ragdes por fumonisinas
e aflatoxinas, estudos de monitoramento aliados a métodos eficientes de prevencdo da
contaminagdo natural por micotoxinas tanto no milho quanto durante o processamento de
ragdes sao essenciais para minimizar os riscos a saude, aumentar a produtividade e assegurar a

qualidade da carne, ovos e produtos derivados de frango.
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