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RESUMO

O presente trabalho teve os seguintes objetivos: (i) Isolar e identificar espécies de Aspergillus section
Flavi de amendoim; investigar a capacidade de producgdo de aflatoxinas pelas cepas isoladas; avaliar a
presenca de aflatoxinas nas amostras de amendoim, (ii) determinar a cinética de destrui¢do das
aflatoxinas durante a etapa de torracdo do amendoim e (iii) realizar uma modelagem probabilistica da
exposi¢cdo de aflatoxinas pelo consumo de amendoim no Brasil. Foram analisadas 119 amostras de
amendoim e 6 amostras de solo coletadas no Estado de Sdo Paulo. Os grdos de amendoim foram
diretamente plaqueados em &dgar dicloran 18% de glicerol (DG18), a 25 ° C durante 5 dias. Os
resultados foram expressos como percentagem de infecgc@o. O potencial para a producdo de aflatoxinas
pelos isolados foi testado utilizando a técnica de dgar plug. As aflatoxinas nas amostras de amendoim
foram analisadas, extraindo a toxina com clean up em coluna de imunoafinidade e quantificacdo por
cromatografia liquida de alta eficiéncia (CLAE) com detector de fluorescéncia. Para o estudo de
cinética de degradacdo das aflatoxinas, as amostras foram torradas num torrador de leito de jorro
vertical operando a 160, 180 e 200° C por 5, 10, 15, 20 e 25 min e a cor da torra medida através de
valores CIELAB. Usando a concentracio de aflatoxinas apds a torracdo, as curvas foram ajustadas por
meio de regressdo dos dados de concentracdo de aflatoxinas em log versus tempo. A avaliacdo da
exposicao de risco de aflatoxinas pelo consumo de amendoim foi realizada utilizando um modelo
deterministico e probabilistico. A populagao foi dividida em dois grupos etdrios (<1 a 19 anos e de 20
anos e acima). Os dados de consumo e contaminagdo do amendoim por aflatoxinas foram obtidos na
literatura e usados para calcular a exposicdo. Além da exposicao, foram calculados o risco de cincer e
a margem de exposi¢cdo (MOE) a toxina. Foram isoladas cinco espécies de Aspergillus section Flavi:
A. arachidicola (2), A.caelatus (12), A. flavus (502), A. parasiticus (15) e A. tamarii (9). Todos os
isolados de A. arachidicola e A. parasiticus produziram aflatoxina B e G, e 52% dos isolados de A.
flavus produziram aflatoxina B. Aflatoxinas foram detectadas em 12 amostras em concentra¢des que
variaram de <0.05 a 100 pg/ kg. O estudo da cinética de degradacdo de aflatoxinas resultou em
reducdo de 61,6; 83,6 e 89,7% quando torrado a 160, 180 e 200°C, respectivamente. A ingestdao de
aflatoxinas na abordagem deterministica e probabilistica variou de 0,76 — 7,49 ng/kg pc por dia e 0,04-
10,22ng/kg pc por dia, respectivamente. O risco de cincer na abordagem deterministica e
probabilistica variou de 0,001 — 0,76 cancer por ano por 10’ individuos e 0,0004-0,10 cancer por ano
por 10’ individuos, respectivamente. A margem de exposicdo (MOE) variou de 22,7-2.112 e 16,6 —

4.695 para a abordagem deterministica e probabilistica, respectivamente.



ABSTRACT

The aim of this study was to: (i) isolate and identify species of Aspergillus section Flavi in peanut;
investigate the aflatoxin production capacity by isolated strains; assessing the presence of aflatoxins in
peanut samples, (ii) determine the kinetics of aflatoxin degradation during the roasting peanut step (iii)
perform a deterministic and probabilistic model for aflatoxin exposure through peanut consumption in
Brazil. The number of peanut samples collected in Sdo Paulo was 119 while for soil there were six.
Peanuts were directly plated on agar Dichloran Glycerol 18% (DG18) at 25 ° C for 5 days. The results
were expressed as percentage of infection. The potential for aflatoxin production by isolates was tested
using the agar plug technique. The aflatoxins in peanuts samples were analyzed extracting the toxin
with an immunoaffinity column, and quantified by high-performance liquid chromatography (HPLC)
with fluorescence detection. For the degradation kinetics study, the samples were roasted in a vertical
spouted bed roaster operating at 160, 180 and 200° C for 5, 10, 15, 20 and 25 min and the roasting
color was measured using CIELAB values. Using aflatoxin concentration after roasting, curves were
designed by regression of aflatoxin concentration data in log versus time. The assessment of risk
exposure through peanut consumption was performed using a deterministic and probabilistic model.
The population was divided into two age groups (<1 to 19 years and 20 years and above).
Consumption and peanut contamination data obtained from the literature were used to calculate the
exposure. The risk of cancer and the margin of exposure (MOE) to the toxin were also evaluated. Five
species of Aspergillus section Flavi were isolated: A. arachidicola (2), A.caelatus (12), A. flavus (502),
Aspergillus parasiticus (15), and A. tamarii (9). All isolates of A. parasiticus, and A. arachidicola
produced aflatoxin B and G, and 52% of isolates of A. flavus produced aflatoxin B. Aflatoxins were
detected in 12 samples in concentrations ranging from <0.05 to 100 pg / kg. The study of aflatoxin
degradation kinetics resulted in a reduction of 61.6, 83.6 and 89.7% when roasted at 160, 180 and 200
° C respectively. The intake of aflatoxin using a deterministic and probabilistic approach ranged from
0.76 — 7.49ng/kg bw day and 0,04-10.22ng/kg bw day, respectively. The deterministic and
probabilistic approach cancer risk ranged from 0.001 — 0.76 cancer year per 10’ individuals and
0.0004-0.102 cancer year" per 10° individuals respectively. The MOE ranged from 22.7-2,112 and

16.6 — 4,695 for the deterministic and probabilistic approach, respectively.
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1. INTRODUCAO GERAL

O Brasil € o terceiro maior produtor de amendoim no continente americano, atras
apenas dos Estados Unidos e Argentina (USDA, 2015). Com o avanco das tecnologias e
desenvolvimento de novas sementes, a produ¢do de amendoim no Brasil tem apresentado
aumento considerdvel da produtividade nos tltimos anos (Conab, 2013). Aliado a isso, medidas
de controle de qualidade estdo sendo tomadas em todas as etapas da cadeia produtiva através de
critérios e procedimentos para o controle higiénico-sanitdrio de amendoim e subprodutos a fim
de garantir a qualidade do amendoim produzido (Brasil, 2009). Uma barreira fito-sanitdria que
compromete a qualidade do amendoim é a presenca de aflatoxinas. As aflatoxinas sdo
metabdlitos secunddrios produzidos por Aspergillus section Flavi, principalmente por
Aspergillus flavus, A. parasiticus e A. nomius. Apresentam acao imunossupressora, genotoxica,
sendo classificadas pela International Agency for Research on Cancer (IARC) pertencente ao
grupo 1, i.e, carcinogénica ao homem (IARC, 2002). A Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) estipulou o limite mdximo toleravel de 20 pg/kg para aflatoxinas totais em
amendoim e seus produtos (Brasil, 2011). A micobiota bem como a presenca de aflatoxinas em
amostras de amendoim ja foram relatadas no Brasil (Nakai et al., 2008; Gongalez et al., 2008;
Freitas et al., 1998). O solo, no qual o amendoim se desenvolve, é o maior reservatério de A.
flavus e A. parasiticus (Horn, 2003), qualquer falha no controle da temperatura e umidade do
grao durante a cadeia produtiva pode resultar no crescimento e consequente producdo de
aflatoxinas.

A prevencdo da formag¢do € a melhor forma de controle, contudo, uma vez
formada, as aflatoxinas podem comprometer a qualidade do gréo, causar riscos ao consumidor e
perdas econdmicas ao produtor. O beneficiamento e processamento do amendoim podem
resultar na diminuicdo da concentraciao de aflatoxinas no grao, como por exemplo, a selecdo e
torracdo. A etapa de selecdo utiliza métodos eletronicos de cor. Grdos contaminados apresentam
uma descoloragdo, causada pelo crescimento fingico, sendo assim, este tipo de selecdo pode
levar a reducdo de grios infectados e possivelmente contaminados. Embora o processo de
torracdo tenha mostrado que quanto maior a temperatura € o tempo de exposi¢do ao calor,
maior a degradacdo (Ogunsanwo et al., 2004; Arzandeh & Jinap., 2011; Mobee et al., 2011;
Luter et al., 1982; Lee et al., 1969), ainda faltam trabalhos que correlacionem a cor de torracio
do amendoim com a degradacdo das aflatoxinas.

Por ser genotdxica e carcinogénica, qualquer concentragdo encontrada no alimento
pode representar riscos a saide humana (EFSA, 2007). Estudos epidemioldgicos mostram uma

correlacdo entre a ocorréncia de cancer hepatico na populacdo exposta a esta micotoxina,
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principalmente na populagcdo portadora do virus da hepatite B, na qual, as aflatoxinas sdo
aproximadamente 30 vezes mais potente (Bosetti et al., 2014, Williams et al., 2004, Wogan,
1992).
Visto que as aflatoxinas podem estar presentes no amendoim, e que a sua presenca
pode resultar em problemas de sadde publica, o presente estudo teve como objetivo principal:
Desenvolver uma avaliagdo de exposicao as aflatoxinas a partir do consumo de
amendoim pela populacdo brasileira e determinar a cinética de degradacdo da aflatoxinas
durante o processo de torragdo do amendoim.
Os objetivos especificos foram:
= Verificar a ocorréncia de A. section Flavi na cadeia do amendoim, investigar a
capacidade de producgdo de aflatoxinas pelas cepas e detectar aflatoxinas nas amostras
de amendoim (Capitulo 1).
= Determinar a cinética de destrui¢do das aflatoxinas durante a etapa de torragdo do
amendoim (Capitulo 2).
= Desenvolver um modelo probabilistico para avaliacdo da exposicdo de aflatoxinas a

partir do consumo do amendoim (Capitulo 3).
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2. REVISAO BIBLIOGRAFICA

2.1. AMENDOIM

2.1.1 ASPECTOS GERAIS

Pertencente a familia Fabaceae, o amendoim (Arachis hypogaeae L.) é a quinta
maior cultura oleaginosa do mundo, atrds apenas da soja, algoddo, colza e girassol (Fageria et
al., 2010). Originério do sul da Bolivia, ou norte da Argentina, acredita-se que praticamente
todas as espécies do género Arachis (aproximadamente 69) sdo provenientes da América do Sul
e cultivadas desde 2500 a. C (Krishna, 2013).

O amendoim possui uma caracteristica peculiar por se tratar de uma planta na qual
a flor fecundada encontra-se inicialmente sobre a terra e apresenta geotropismo positivo, com
desenvolvimento do fruto embaixo do solo (Figura 1). E cultivado principalmente em regides
tropicais e temperadas, com faixa de latitude até 40°N e 40°S e temperatura ideal para o

crescimento de 24 a 33°C (Nogueira & Tévora, 2013).

Figura 1. Fertiliza¢do da flor e desenvolvimento do fruto do amendoim.
|
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Fonte: Conagin, 1955.

O amendoim é um alimento de alto valor energético (596 cal/100 g de
sementes) (Freire et al., 2009), os grdos sdo compostos de 25-30% de proteina, 20% de
carboidratos, 5% de fibras e cinzas e aproximadamente 50% de dleo, dos quais
aproximadamente 90% corresponde aos 4cidos palmitico (composto por 16 moléculas de
carbono e nenhuma dupla ligacdo -16:0), oleico (18:1) e linoleico (18:2) (Knauft & Wynne,
1995). A porg¢do lipidica do amendoim possui vitamina B;, B, e também a vitamina E, um
antioxidante natural. Outro antioxidante presente no amendoim ¢é o resveratrol. Devido a sua
composi¢do, o amendoim pode ser considerado um alimento funcional, e quando consumido em

quantidades adequadas pode atuar na prevencdo de doencas cardiovasculares, controle das taxas
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de colesterol e triglicérides, equilibrar o metabolismo, prevenir o desenvolvimento de cancer e

reduzir os tumores existentes (Freire et al., 2009)
2.1.2 PRODUCAO DE AMENDOIM NO BRASIL

A previsdo da producido mundial do amendoim em 2015 € de 41.209.000 toneladas
sendo a China e a India os principais paises produtores, responsiveis por 16.700.000 e
5.400.000 toneladas, respectivamente. No continente americano, os Estados Unidos se destacam
como maior produtor (2.620.000 toneladas), seguido da Argentina (1.060.000) e Brasil
(337.100) (USDA, 2015; Conab, 2015).

O grifico de produ¢do de amendoim no Brasil nos dltimos anos estd ilustrado na
Figura 2. A queda na produgdo das safras de 2004/2005 e 2006/2007 ilustra a interferéncia do
clima no desenvolvimento e producdo do amendoim. Em 2004/2005 a seca nos meses de
Janeiro e Fevereiro prejudicou a producdo enquanto que na safra de 2006/2007, chuvas
torrenciais foram responsaveis pela baixa producdo (Pro-amendoim, 2015). A producio
nacional de 2014/2015 apresentou um aumento de 6,7% em relacdo a safra anterior com 337,1
mil toneladas. Sao Paulo se destaca como maior Estado produtor, com produciao em 2014/15 de
299,1 mil toneladas (aumento de 4,3% em relag@o a safra anterior). Aproximadamente 80% do
amendoim produzido em Sao Paulo sdo destinados a exportacdo (Conab, 2015), principalmente
para paises europeus, como Holanda, Reino Unido, Russia e africanos, como Argélia (Martins,

2011).

Figura 2. Produgdo de amendoim no Brasil (mil toneladas) nas safras de 2004/2005 a

2014/15 (previsao)
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Fonte: Conab- séries histéricas, 2015.
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Os Estados de Minas Gerais e Tocantins também apresentam producido de
amendoim, sendo este dltimo o Estado com a maior média de produtividade, com producgdo de
232,1 mil toneladas. Essa produtividade pode ser explicada pela cultura ser explorada por
produtores tecnificados, com mecanizacio intensiva no cultivo. A producdo de amendoim no
nordeste ocupa uma drea de 6,4 mil hectares. A melhor produtividade da regido é a de Sergipe
(1605 kg/ha). No Estado do Rio Grande do Sul, a produgdo € de 7,4 mil toneladas, e a
produtividade de 2450 kg/ha, representando um aumento de 42,8%, quando comparado a safra

anterior (Conab, 2015)

2.1.3 PROBLEMAS E PERDAS ECONOMICAS NA PRODUCAO DE AMENDOIM

As caracteristicas de producdo do amendoim fazem com que este grio seja
suscetivel a contaminacdo por fungos, principalmente Aspergillus flavus e Aspergillus
parasiticus, e consequente producdo de micotoxinas, com destaque para aflatoxinas (Brasil,
2008) que serdo discutidas com mais detalhes na secdo 2.1.6.

A presenca do fungo e da micotoxina no amendoim afeta tanto a seguranca do
alimento como a economia. Um estudo realizado por Lamb e Sternitzke (2001) avaliou a perda
econdmica na produgdo de amendoim nos anos de 1993-1996 nos Estados Unidos devido a
contaminacdo por Aspergillus flavus e aflatoxinas, e concluiram que a presenca destes
contaminantes representaram uma perda de mais de U$ 26 milhdes por ano.

Em mar¢o de 2001, a Associagdo Brasileira da Industria de Chocolates, Cacau,
Amendoim, Balas e Derivados (ABICAB) criou o programa de auto-regulamentacio e expansao
do amendoim denominado Pr6-Amendoim. O programa tem por objetivo estimular a producio
de amendoim dentro dos padrdes nacionais e internacionais de qualidade, e evitar a formacao de
aflatoxinas, a fim de se obter um produto mais seguro ao consumidor. O selo Pr6-Amendoim foi
entdo criado e conferido as empresas que atendem aos requisitos da legislacdo e fabricam
produtos totalmente seguros (Abicab, 2015). Em 2013, apdés 12 anos da implementacdo do
programa, o Pré-Amendoim conseguiu baixar o indice de ndo conformidade na concentracdo de
aflatoxinas de 40% para 10%. Nos ultimos monitoramentos do mercado, a média de bons
produtos foi de 89,7% em um universo de 220 amostras analisadas, evidenciando a melhoria do

produto brasileiro no mercado consumidor.

2.1.4 CADEIA PRODUTIVA DO AMENDOIM

2.1.4.1 SoLo
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O solo para o plantio do amendoim deve apresentar textura arenosa, garantir
aeracdo e drenagem, permitindo o suprimento de oxigénio e nitrogénio, além de permitir a
penetracdo dos ginéforos e desenvolvimento das vagens (Nogueira & Tévora, 2013). O cultivo
requer niveis adequados de fésforo, potdssio, magnésio e pincipalmente cédlcio. O célcio, além
de nutriente essencial, atua no controle do pH do solo, facilita o crescimento da planta ao
prevenir o acimulo de aluminio, aumenta a disponibilidade de elementos essenciais e reduz a
contaminacdo por fungos por resultar na formacdo de vagens mais rigidas e espessas (FAO,
2010).

O cultivo de amendoim no mesmo local por um periodo prolongado pode levar ao
aumento de fungos toxigénicos, como Aspergillus flavus e Aspergillus parasiticus, visto que o
solo é um grande reservatério. Para evitar o actiimulo destes fungos e outros patégenos, a
rotacdo de cultura € indicada no cultivo de amendoim. Devido a incidéncia de pragas e doengas
no solo, o amendoim ndo deve ser cultivado apds plantacdo de algodao, legumes, tomates e
outros vegetais, devido ao acimulo de nematoides (FAO, 2010). No Brasil, a rotacdo de cultura
geralmente ocorre com a cana-de-acticar ou pastagens, que apresentam residuos de nutriente
insuficiente apds seu plantio. Por apresentar baixa exigéncia de fertilidade do solo, a plantagdo
de amendoim apds o cultivo dessas culturas mostra-se vantajosa por conservar o solo, controlar
o crescimento de plantas daninhas e combater indiretamente as pragas (Beltrdo et al., 2009)

A producdo de aflatoxinas em amendoim durante a etapa do campo pode ser
minimizada garantindo condi¢des ideais no solo. A temperatura e umidade do solo durante as
etapas de maturacdo do amendoim influenciam na producao de aflatoxinas. Quando a umidade
do solo € controlada, a atividade de dgua do grdo se mantém constante, e a produgdo de
fitoalexinas, que s@o substincias de defesa da planta, é maior. A presenca deste mecanismo de
defesa da planta controla a produgdo de aflatoxinas pelo fungo. Em casos de estresse hidrico, a
producdo de fitoalexinas € menor. Somado ao aumento da temperatura, essas condi¢des
favorecem a infec¢do do amendoim e consequente producdo da toxina (Doner et al, 1989).
Sabendo da influéncia da umidade e temperatura do solo na producio de aflatoxinas, programas
de prevengdo estdo sendo criados, como o Afloman na Austrilia, desenvolvido pelo
departamento de emprego, desenvolvimento econdmico e inova¢do (DEEDI). Este programa foi
criado para estipular a melhor época de colheita baseado na temperatura e umidade do solo. Ao
adicionar dados da cultura, como o cultivar utilizado, a data do plantio, o tipo de solo, chuva ou
irrigacdo no programa AfloMan disponivel na internet, este indica o risco de contaminagdo por
aflatoxinas. Quando o risco de producdo de aflatoxinas é alto, com estresse hidrico e

temperatura elevada, a colheita é feita antes do previsto, para evitar as condi¢des ideais para a
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producdo da toxina. Quando as condi¢des de umidade e temperatura sdo ideais, a colheita € feita

no tempo correto de maturagdo do amendoim (DEEDI, 2015)

2.1.4.2 CULTIVARES

A espécie Arachis hypogaea apresenta duas subespécies: Arachis hypogaea subsp.
hypogaea e Arachis hypogaea subsp. fastigiata. A subespécie fastigiata apresenta porte ereto
(Figura 3 A) e ciclo curto, com florescimento no eixo central e inclui os tipos varietais Valéncia
e Spanish. A subespécie hypogaea apresenta porte rasteiro (Figura 3 B) e ciclo tardio, ndo
apresenta flores no eixo central e inclui os tipos Runners e Virginia (Santos et al., 2009). Esta
subespécie de porte rasteiro apresenta como vantagem a possibilidade de colheita totalmente
mecanizada, além de apresentar um ciclo mais longo, evitando assim periodos chuvosos durante
a colheita (Godoy, 1990). A escolha do cultivar é importante para o controle da contaminacio
por aflatoxinas (Brasil, 2008). Ainda ndo foi desenvolvido cultivares com resisténcia
comprovada a fungos aflatoxigénicos, contudo, caracteristicas presentes em cultivares utilizados
no Brasil podem contribuir para a diminuigdo da contaminagdo. Por exemplo, cultivares
resistentes a insetos resultam na redugdo de danos mecanicos, especialmente nas vagens,
dificultando a infecdo por fungos (Brasil, 2008); cultivares resistentes a periodos de seca tendem
a apresentar menor contaminacfio por aflatoxinas (Santos et al., 2009); e cultivares que
apresentam dorméncia das sementes, caracteristica importante em condicdes adversas e com
umidade suficiente no solo, evitando o processo de germinagdo antes do arranquio, que causaria

rupturas na pelicula e vagem permitindo o acesso de fungos (Brasil, 2008)

Os principais cultivares produzidos no sudeste do Brasil sdo os desenvolvidos pelo

Instituto Agrondmico de Campinas (IAC). Dentre eles, pode-se listar o cultivar de porte ereto
IAC Tatu, e os cultivares de porte rasteiro Runner IAC 886, IAC 503 e TAC 505 (IAC, 2015).

No nordeste do Brasil os cultivares mais adaptados sdo os desenvolvidos pela Empresa
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Brasileira de Pesquisa e Agropecuaria (Embrapa), todos com porte ereto e resisténcia a seca:

BR1, BRS 151 L7 e BRS Havana (Santos et al., 2009)

2.1.4.3 COLHEITA E POS COLHEITA

Quando 70% das vagens atingem a maturagao fisioldgica, a colheita do amendoim
¢ iniciada. Este periodo varia de acordo com a cultivar plantada. No caso de cultivares de porte
ereto, a colheita inicia-se entre 85 e 90 dias apés a plantacdo, enquanto para cultivares de porte
rasteiro, ocorre ap6s 120 e 150 dias (Sofiatti et al., 2009). Uma colheita antecipada resulta no
encolhimento da vagem durante a secagem, perda de 6leo e qualidade do grdo. Por outro lado, a
colheita tardia reduz a qualidade dos grios, resulta em perda de vagens por desprendimento no
solo, possivel germinacdo das sementes e maior susceptibilidade a contaminacido por fungos
(FAO, 2010).

O arranquio da planta no solo pode ser manual ou mecanico, e os cuidados que
devem ser tomados nessa etapa sdo os de evitar danos fisicos nas vagens e garantir a inversao
adequada das plantas evitando o contato com o solo (Brasil 2008). No Estado de Sdo Paulo,
cerca de 90% da producdo é colhida mecanicamente (Silva et al., 2009). A mdquina utilizada
para realizar o arranquio do amendoim ¢ conhecida como “arrancador-invertedor de
amendoim”, ela possui um sistema de corte da raiz principal do amendoim, um sistema de

elevacdo e chacoalhamento das plantas e um sistema de inversao e enleiramento (Figura 4 A)

Figura 4. Arrancador- invertedor de amendoim (A), amendoim enleirado (B) e

despencamento (bate¢do) do amendoim (C).

Fonte: Marques, 2011; Oliveira, 2012; Redacdo, 2015

Apdés o arranquio, o excesso de terra é removido das vagens durante o
chacoalhamento para acelerar a secagem. As plantas sdo colocadas em leiras com a parte

vegetal colocada para baixo e as vagens para cima, para que ocorra o processo de cura, no qual
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ocorre o término do processo de maturacdo (Figura 4B). O amendoim adquire suas
caracteristicas sensoriais € o0 murchamento dos ramos facilita sua retirada do solo. A umidade
nos grdos de amendoim no momento do arranque é de aproximadamente 45%, e estes
permanecem em leiras até atingir umidade de 16 a 10%. Se ndo houver chuvas e conforme as
condic¢des do campo de insolacdo, temperatura e ventilacdo, esta etapa pode durar de 2 a 6 dias.
(Camara, 2014).

Em seguida, as vagens secas passam pela etapa de despencamento (bate¢do), que
consiste na separacdo da vagem da planta. A maquina utilizada nesta etapa recolhe o amendoim
disposto em leiras, a planta passa pelo cilindro batedor, no qual ocorre a separagdo fisica das
vagens em relacdo a planta mae (Camara, 2014) (Figura 4C). Os cuidados nessa etapa consistem
em: retirar a quantidade maxima de vagens perfeitas por planta, evitar danos mecanicos e
remover terra, resto de planta e outros materiais que acompanham a vagem. Se houver a etapa
de secagem artificial, o despencamento pode ocorrer com umidade do gréo inferior a 20%, caso
contrdrio, esta etapa deve ocorrer quando a umidade dos graos atingir 8% (Brasil, 2008).

Ap6s o recolhimento e despencamento do amendoim, uma etapa de pré-limpeza
deve anteceder a etapa de secagem. A pré-limpeza retira materiais como solo, pedra, gravetos e
restos de outras culturas através de um processo de vibragcdo, peneiramento e ventilacdo
(Camara, 2014). A etapa de secagem pode ser natural ou artificial. Enquanto a secagem natural
ocorre no campo até que a umidade do grido seja de 8%, a secagem artificial ocorre em
secadores do tipo conjunto de carretas ou silos estaticos (Brasil, 2008). A temperatura do ar
utilizada na secagem artificial deve ser baixa, aproximadamente 35°C e a umidade relativa 45%.
Para o aquecimento do ar de secagem, geralmente utilizam-se queimadores de gis liquefeito de
petréleo (GLP), que proporcionam um controle eficiente de umidade relativa e temperatura

(Sofiatti et al, 2009)

2.1.4.4 BENEFICIAMENTO DO AMENDOIM

Apbs as etapas de pré-limpeza e secagem, o amendoim é debulhado, em seguida
os graos sao classificados por tamanho em peneiras de crivos circulares e mesas densimétricas,
passa por uma selecdo eletronica, seguida de uma selecdo manual e enfim é acondicionado em
sacas (Camara, 2014).

A madiquina responsdvel pelo debulhamento do amendoim apresenta um
dispositivo de descascamento que possui um cilindro batedor de barras responsével pela quebra
das vagens e um concavo em forma de peneira pelo qual os fragmentos passam. A separacio da

casca e do grao ocorre pela for¢a do ar produzido por um ventilador que remove a casca por ser
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mais leve enquanto o grdo segue para outro mecanismo de separacdo e limpeza (Silva et
al.,2009)

Os graos de amendoim sdo separados por tamanho, onde os de tamanho inferior
ao da peneira 16/64 avos de polegada sdao encaminhados para producio de 6leo e os grios entre
16 e 17/64 avos de polegada sdo encaminhados para indistria de confeitos Além dessa
separacdo, o amendoim passa por mesas densimétricas que promovem a separacio por peso
especifico. Os graos mais pesados ficam na parte superior e sdo encaminhados para selecio
eletrbnica enquanto que a parte inferior € constituida pelos gridos mais leves e estes sdo
encaminhados para a industria de 6leos. Os graos partidos (amendoim banda) sdo encaminhados
a industria confeiteira (Camara, 2014).

Em seguida ocorre o processo de selecdo. A selecdo eletrdnica por cor e manual
s@o as técnicas mais utilizadas. A seletora eletronica possui um feixe de fibra 6tica que causa
um reflexo da tonalidade da cor do grio, que reconhece quatro cores: branco para o amendoim
banda, amarelo para grios imaturos ou grios que pertencem a cultivares de coloragdo creme,
preto para graos ardidos, e vermelho para os grios inteiros com pelicula (Camara, 2014). Neste
processo, os grdos que apresentarem descoloracdo sdo rejeitados. O crescimento flngico
promove a descoloragdo do grdo, sendo assim, este tipo de selecdo pode levar a redugdo de
grdos infectados e possivelmente contaminados com aflatoxinas. Em casos de seca acentuada
durante as etapas do campo, o amendoim comega o processo de secagem antes da colheita, o
que favorece a infec¢do e o crescimento fingico. A separacdo por método colorimétrico nesses
casos ndo ¢é eficaz, sendo necessdria a etapa de blancheamento e torracdo para que a
descoloracdo seja evidenciada (ICMSF, 2002). O blancheamento consiste na remog¢do da
pelicula do amendoim. O amendoim é colocado em esteiras que se movem lentamente por
fornos divididos em zonas de aquecimento, com aumento de temperatura de uma zona para
outra. O fluxo de ar sobre esses fornos flui de forma alternada de cima para baixo. Na tdltima
zona, o amendoim ¢ resfriado e a remocdo da pele é feita por processo mecanico (Figura 5).
Este processo de remocdo altera a umidade e atividade enzimdtica do amendoim, fatores
importantes na qualidade do grao (Adelsberg & Sanders, 1997).

A selecdo colorimétrica manual provou ser o método mais eficaz quando
comparado a seleg¢do eletronica, que apresenta eficicia de 72% na redugdo de aflatoxinas
(Dickens & Whitaker, 1975). Contudo a técnica manual ndo é uma técnica comercialmente
vantajosa, sendo que uma maquina de selecdio colorimétrica substitui a mdo de obra de 20
trabalhadores (Camara, 2014). Apesar de aflatoxinas e fungos aflatoxingénicos apresentarem

fluorescéncia, o uso de selecdo através de métodos fluorimétricos para reducio desta toxina no
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grdo ndao se mostrou eficaz, pois outros componentes do alimento podem apresentar
fluorescéncia, dificultando a quantificagcdo da toxina (Pelletier & Reizner, 1992)

O amendoim € ensacado apds a selecdo e em seguida armazenado.

Figura 5. Esquema do método de blancheamento. As setas indicam o fluxo de ar aquecido.

o
e
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Zone

Fonte: Adelsberg & Sanders, 1997.

O processo de torragdo resulta na otimizacdo do sabor, textura e aparéncia do
amendoim. A formacgfdo da cor e os compostos aromdticos € resultado principalmente de uma
reacdo de escurecimento nio enzimadtico, a reacdo de Maillard. Esta reacdo ocorre em trés
etapas: na etapa inicial, ocorre a reagdo do grupo amino e um agtcar redutor, formando uma
glicosilamina que sofre um rearranjo de Amadori, formando um produto de Amadori; na fase
intermediaria da reacdo, este composto é fragmentado a produtos sem coloracdo e um
grupamento aminico € liberado; na fase final ocorre desidratacdo, ciclizagdo e reacdo de
polimerizag¢do, com a participagdo de grupamentos aminicos, formando pigmentos poliméricos
de coloracdo marrom, as melanoidinas, e também, a formacdo de compostos de baixo peso
molecular responsdveis pelo aroma caracteristico do amendoim torrado, como metilpirazina,
dimetilpirazina e metiletilpirazina (van Boekel, 2006; Smyth et al., 1998)

Os métodos utilizados para a torragao do amendoim sdo: torracdo a seco (forno ou
micro-ondas) e a torracdo a 6leo. Ambos podem ser realizados em processo continuo ou
estatico. Na torracdo a dleo, o amendoim sem a pele é adicionado em tanques contendo dleo
aquecido (138-143°C) com o tempo de torracdo podendo variar de 3 a 10 minutos. A torracio a
seco pode ser realizada em fornos e em micro-ondas. Em uma escala industrial, a torracdo em
fornos € mais utilizada. No processo continuo o amendoim é movido pelo forno através de um
transportador ou por alimentacdo gravimétrica. Este movimento garante que o ar quente passe
pelos graos promovendo uma torragdo uniforme. A temperatura e tempo de processo podem
variar com a quantidade e umidade dos graos (EPA, 1995)

Em muitos casos a cor do amendoim torrado é o primeiro pardmetro utilizado
como controle comercial das condi¢des de torracdo, uma vez que a reagdo responsdvel pela
formacao da cor € a mesma responsavel por outras caracteristicas como o aroma (Smyth et al.,
1998). O sistema de cor CIELAB L*a*b* (Figura 6) estd sendo utilizado para avaliar a cor do

amendoim apds a torragdo (Pattee et al., 1991). O sistema é composto pelos parametros L*, que
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indica a luminosidade e pode variar de O (preto) a 100 (branco), e os pardmetros crométicos a* e
b*. O parametro a* indica a cor vermelha para valores positivos e para valores negativos a cor
verde, enquanto que o parimetro b* indica a cor amarela para valores positivos e azul para

valores negativos (Konica Minolta, 2015)

Figura 6. Representacdo esquematica do sistema CIELAB L*a*b*
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Fonte: Roda, 2011

2.1.5 METODOS FISICOS PARA REDUCAO DE AFLATOXINAS

As aflatoxinas podem se transformar em moléculas ndo tdxicas ou com uma
toxicidade inferior ap6s absorver energia. Diferentes fontes de energia, como radiacdo gama, luz
ultra violeta e visivel, e calor podem ser eficazes na reducdo das aflatoxinas (Samarajeewa,
1990).

A utilizacdo de radiacio gama na reducdo de aflatoxinas apresenta vdarias
limitacdes. A degradacdo da toxina por este método fisico ocorre indiretamente, uma vez que as
aflatoxinas sdo resistentes ao tratamento direto com a radiacdo, e a sua reducio resulta de efeitos
indiretos, como a formagdo de radicais livres (Fuell, 1966).

Dentre as aflatoxinas, a aflatoxina B1 mostra-se sensivel ao tratamento com luz
ultravioleta, contudo esta técnica ndo vem sendo aceita nas industrias devido as suas limitacdes,
que incluem baixa penetragdo e os compostos gerados nas etapas de degradacdo da toxina
apresentarem toxicidade residual (Samarajeewa, 1990)

A eficécia na utilizacdo de calor para reducdo de aflatoxinas depende do método
utilizado (IARC, 2002). Um estudo conduzido por Njapau et al., (1998) avaliou a reducdo de

aflatoxinas em amendoim pelo processo de cozimento a 95°C por 8 minutos. A redugdo
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observada foi de apenas 19%. Por outro lado, a torragdo do amendoim por métodos secos
mostra-se mais eficaz. Mann et al., (1967) obteve 34% de reducdo da aflatoxina apds 2 horas de
tratamento térmico a 100°C em amendoim com 30% de umidade. Lee et al., (1969) avaliou a
destruicdo de aflatoxinas no processo de torracdo pelo calor seco, e em 6leo, com variacao de
temperatura a 121-204°C e 162-173°C, respectivamente. Apds a torragdo, a porcentagem de
reducdo variou de 45 a 83% nos dois métodos, que ndo apresentaram diferenca na destruicido da
toxina. Arzandeh & Jinap (2011) estudaram o efeito da concentragdo inicial, o tempo e
temperatura de torragdo do amendoim na concentracido de aflatoxinas e concluiram que estes
sdo os fatores chaves que afetam a reducdo da toxina durante o processo. Em amostras
naturalmente contaminadas, obteve-se uma reducdo de aflatoxina B, de 80,2%, e 69,7% para
aflatoxina B, com concentragdo inicial de 174 e 25 pg/kg a temperatura de 150°C e 130°C
respectivamente. Para amostras artificialmente contaminadas, a reducdo de aflatoxina B, e B,
foi de 78,4 e 57,3% respectivamente a 150°C por 120 minutos.

Apesar dos estudos demonstrarem a utilizacdo da torragdo para redugdo
considerdvel da toxina, o tempo e temperatura necessiarios para que isso ocorra pode
comprometer a qualidade sensorial do amendoim, sendo necessdrios estudos que avaliem a
qualidade sensorial como a cor do amendoim torrado e a degradagdo da toxina

concomitantemente.

2.1.6 OCORRENCIA DE FUNGOS E AFLATOXINAS NO AMENDOIM

Como abordado anteriormente, as caracteristicas de producdo do amendoim o
tornam suscetiveis a contaminacdo fingica. Seu desenvolvimento dentro do solo e variagdes
climdticas durante sua maturacdo estdo diretamente relacionadas com a contaminac¢ao flingica e
producio de toxinas.

O solo € o principal reservatério de Aspergillus flavus e A. parasiticus. Horn &
Doner (1998), ao analisar amostras de solo proveniente das principais regides produtoras de
amendoim dos Estados Unidos, obtiveram maior prevaléncia de A. parasiticus (56%) do que de
A. flavus (40,7%). Gongalez et al. (2008), encontraram A. flavus em 8% das 25 amostras de
solo coletadas no Estado de Sdo Paulo enquanto no trabalho realizado por Atayde et al. (2012)
o fungo mais frequente isolado foi Penicillium spp (52,1%) e a espécie mais frequente isolada
no solo do género Aspergillus foi o Aspergillus flavus (13,4%).

A micobiota do amendoim em diferentes fases de seu desenvolvimento no campo
foi estudada por Gongalez et al., (2008). Os fungos mais frequentemente isolados foram

Fusarium spp. (26%), A. flavus (17%), A. terreus (9,5%), Penicillum spp. (5%), Rhizupos spp.
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(4%), A. parasiticus (2,3%), Curvularia spp. (0,9%), Beltrania spp. (0,3%), Mucor spp. (0,3%),
A. niger (0,3%) e F. verticilioides (0,3%). A. flavus foi mais frequente nas amostras de
amendoim na etapa de enchimento da vagem (43,93%), na maturacao total das vagens (33,6%)
e na etapa das vagens secas (7,55%). Nao foram isolados A. flavus e A. parasiticus nas etapas
iniciais de desenvolvimento do amendoim que apresentavam atividade de dgua de 0,98.
Aflatoxinas ndo foram detectadas nas etapas iniciais de desenvolvimento do amendoim, e
estiveram presentes em 32% das amostras a partir das etapas de enchimento das vagens, com
variacdo de 4,20 a 198,84ug/kg. Resultados semelhantes foram observados por Zorzete et al.
(2013), que analisou a micobiota em diferentes fases do desenvolvimento de amendoim e
obteve como fungo mais frequente o Fusarium spp.

No estudo realizado por Zorzete et al., 2013 avaliou-se a presenca de fungos e
micotoxinas em amostras de amendoim dos cultivares IAC Runner 886 e IAC Caiap6
armazenados por 6 meses. Os resultados obtidos mostraram prevaléncia de cepas de Aspergillus
section Flavi, Aspergillus section Nigri, Fusarium spp, Penicillium spp e Rhizopus spp. nos dois
cultivares analisados. As aflatoxinas estavam presentes em 11,8% das amostras dos grdos de
amendoim dos dois cultivares e em 5,7% e 8,6% nas amostras de casca do cultivar IAC Ciapé e
IAC Runner 886, respectivamente (Zorzete et al., 2013). Outro trabalho também analisou a
micobiota e produgdo de aflatoxinas em amendoim da cultivar IAC Runner 886 em quatro
cidades do estado de Sdo Paulo: Jaboticabal, Tupa, Rosélia e Cafelandia. Tanto na casca como
no grao, Fusarium spp. foi o mais frequente (70,2%) e A. flavus (9,8%) foi o mais frequente do
género Aspergillus. Foram encontradas as aflatoxinas em 5% das amostras de amendoim com
concentracdo variando de 1 a 12,7 ug/kg e 13,8% das amostras da casca com variagdo de 1 a
117,8ug/kg (Atayde et al., 2012).

Youssef et al. (2008) coletaram 60 amostras de amendoim, sendo 20 de amendoim
cru, 20 torrado e 20 torrado com sal em mercados do Egito. Os fungos com maior frequéncia
pertenciam ao género Aspergillus (95% das amostras), Penicillium (15%) e Fusarium (12%),
sendo A. niger (36,7%), A. flavus (33,3%) e A. ficuum (26,7%), as espécies mais frequentes.
Neste trabalho também foi avaliado a presenca de aflatoxinas de forma qualitativa (TLC) e a
presenga de aflatoxina B, por imunoensaio ELISA. Apenas as amostras estocadas de 12 e 24
meses apresentaram contaminac¢fio que variaram de 6,2-10,6 ug/kg. Neste trabalho os autores
ndo realizaram testes de potencial de produgdo de aflatotoxinas pelos fungos isolados. Outro
trabalho realizado nas regides do Egito foi conduzido por Sultan & Magan (2010). Foram
analisadas amostras de amendoim em casca durante os anos de 2007 e 2008. Os fungos
toxigenicos mais prevalentes nos dois anos foram Aspergillus section Flavi (4,7-78,3%),

Aspergillus section Nigri (9,4-52,6%), e Aspergillus section Circumdati (5,1-30,9%). O
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potencial de producdo de aflatoxinas pelos isolados foi testado sendo que 91% e 87% das cepas
de Aspergillus section Flavi foram produtoras em 2007 e 2008, respectivamente. Dentre os
Aspergillus section Flavi isolados, 95% foram identificados como Aspergillus flavus.

Pitt et al. (1993) analisaram 109 amostras de amendoim coletadas na Tailandia. A.
flavus foi a espécie mais frequente, presente em 95% das amostras analisadas, seguido de A.
niger (86%). Outras espécies de Aspergillus apresentaram baixa incidéncia. Rhizopus oryzae

(60%) e Eurotium rubrum (51%) também apresentaram uma alta incidéncia.

Tabela 1. Ocorréncia de aflatoxinas em amostras de amendoim no Brasil

. N° de Incidencia Variacao . .
Alimento de AFT Método Referéncia
amostras (%) (ng/kg)
Amendoim 100 50 0.5-113 CLAE Magrine et al., 2011
Griao amendoim (cultivar IAC 886) 35 11,4 0,03-16,6 CLAE Zorzete et al., 2013
Casca amendoim (cultivar IAC 886) 35 8,6 1,3-3,3 CLAE Zorzete et al., 2013
Grao amendoim (cultivar Ciapd) 35 11,4 0,3-2,7 CLAE Zorzete et al., 2013
Casca amendoim (cultivar Ciapo) 35 5,7 0,5-2,3 CLAE Zorzete et al., 2013
Grao amendoim (cultivar IAC 886) 25 32,0 3,79-125,07 CLAE Gongales et al., 2008
Amendoim cru 48 39,6 12,88 CLAE Oliveira et al., 2009
Amendoim torrado salgado 48 31,3 1,60 CLAE Oliveira et al., 2009
Amendoim salgado 48 41,7 3,32 CLAE Oliveira et al., 2009
Amendoim doce 48 35,4 3,47 CLAE Oliveira et al., 2009
Pacoca 48 72,9 8,79 CLAE Oliveira et al., 2009
Amendoim 35 314 nd-936 CCD  Freitas & Brigido, 1998
Produto de amendoim 45 66,7 nd-1789 CCD  Freitas & Brigido, 1998
Amendoim 10 40,0 2-300 CCD Silva et al., 2013
Pacoca 47 17,0 9-466 CCD Silva et al., 2013
Amendoim 21 38,1 64 CCD Rocha et al., 2008
Pacgoca 15 13,3 26 CCD Rocha et al., 2008
Oliveira & Koller.,
Amendoim in natura 12 58,3 nd-126,18 CCD 2011
Oliveira & Koller.,
Pacgoca 10 60,0 nd-3,5 CCD 2011
Amendoim e derivados 664 31,3 nd-5476 CLAE Mallman et al., 2003
Amendoim 58 8,6 nd-87,5 CCD Hoeltz et al., 2012
Produto de amendoim 43 20,9 nd-84,6 CCD Hoeltz et al., 2012
Casca de amendoim antes do arranquio 40 5 1-117,8 CLAE Atayde et al., 2012
Casca de amendoim depois do arranquio 40 8,75 1-14,96 CLAE Atayde et al., 2012

AFT: aflatoxinas totais. nd: ndo detectado. CLAE: Cromatografia Liquida de alta eficiéncia.
CCD: Cromatografia em Camada Delagada.

A producdo de aflatoxinas pode ocorrer durante toda a cadeia produtiva do

amendoim. A ocorréncia de aflatoxinas em amostras de amendoim analisadas no Brasil esta
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ilustrada na Tabela 1. A comissdo da comunidade europeia estabeleceu em 2006 através do
regulamento (CE) n° 1881, limites miximos de 15ug/kg de aflatoxinas totais em amendoim
destinado a processamento posterior (selecdo ou outro tratamento fisico) antes de ser
consumido, e 4 ug/kg de aflatoxinas totais para amendoim pronto para consumo. No Brasil
segue-se a RDC n° 07 criada em 2011 pela ANVISA com limites de 20ug/kg de aflatoxinas
totais para amendoim e produtos (Brasil, 2011). Nota-se, a partir dos dados de ocorréncia, uma
frequéncia variada de aflatoxinas em amendoim, assim como a variacdo da contaminagdo, que
atinge tanto valores abaixo dos estabelecidos pela legislagdo como também valores acima do

permitido.

2.2 ASPEGILLUS SECTION FLAVI PRODUTORES DE AFLATOXINAS.

O género Aspergillus foi descrito em 1729 por um italiano chamado Pier Antonio
Micheli (Micheli, 1729) e recebeu este nome devido a similaridade de sua estrutura ao
instrumento utilizado pelo clero para aspergir dgua benta. Pertence a classe dos Hifomicetos,
com coldnias que diferem na coloragdo e estruturas de frutificacdo. Apresentam formagdo de
conidiéforos com as estipes grandes e largas, e vesicula geralmente esférica na extremidade (Pitt
& Hocking, 2009). Na porcdo fértil da vesicula ocorre a formagdo das fidlides, estruturas
responsaveis pela producéo de esporos mitéticos denominados conidios. Sdo classificados como
monosseriados quando apresentam apenas fidlides e bisseriados quando apresentam métula e
fidlide (Figura 7) (Samson et al., 2004). O tamanho, arranjo e a coloracdo do conidio sdo

caracteristicas importantes para identificacio das espécies.

Figura 7. Estrutura do género Aspergillus.
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As espécies de Aspergillus section Flavi apresentam conidios geralmente nas
coloragdes de verde amarelado ao marrom escuro e sdo capazes de produzir esclerécio. (Varga
et al., 2011). As principais espécies de Aspergillus produtoras de aflatoxinas sdo Aspergillus
flavus, A. parasiticus e A. nomius. Outras espécies menos comuns que podem produzir
aflatoxinas sdo: A. arachidicola, A. bombycis, A. minisclerotigenes, A. parvisclerotigenes, A.
pseudocaelatus, A. pseudonomius, A. pseudotamarii, A. togoensis, A. mottae, A. sergii, A.
transmontanensis e A. novoparasiticus (Pildain et al. 2008; Varga et al. 2011; Soares et al.
2012; Gongalves et al. 2012; Massi et al., 2014).

Aspergillus flavus € caracterizado pelo rdpido crescimento, apresentagdo de
coldnias verdes amarelada, de 65-70 mm de didmetro ap6s 7 dias a 25°C, ocorre em quase todos
os alimentos em paises tropicais. Sdo capazes de produzir apenas aflatoxinas B, e B,, apenas
40% de suas cepas sdo produtoras (Frisvad et al., 2007). A temperatura minima para
crescimento € de 10-12°C, a maxima de 43-48°C e a 6tima de 33°C. A atividade de 4gua minima
na faixa de temperatura 6tima para crescimento € de 0,78. Crescem em faixa de pH que pode
variar de 3,4 -10. Apresentam resisténcia térmica, com valor Dys.c acima de 160 horas, Dsyc de
16 horas, Dsyc de 40-15min e Dgpc igual a 1 minuto, apresentando valor Z de 3,3 — 4,1°C (Pitt
&Hocking, 2009)

Aspergillus parasiticus ndo é encontrado em grandes variedades de alimentos,
sendo mais descrito em amendoim. E mais restrito geograficamente quando comparado ao A.
flavus. A maioria das cepas sdo produtoras de aflatoxinas By, B,, G| e G, (Frisvad et al., 2007).
Apresentam temperatura de crescimento variando de 12-42°C com valor 6timo a 32°C. A a,,
minima para crescimento de 0,82 a 25°C, 0,81 a 30°C e 0,8 a 37°C. O crescimento pode ocorrer
numa faixa de pH de 2,4-10. Apresenta baixa resisténcia ao tratamento térmico (Pitt & Hocking,
2009).

As espécies A. arachidicola e A. minisclerotigenes foram recentemente descritas
isoladas de amostras de amendoim na Argentina. A. arachidicola cresce bem a 25, 37 e 42°C,
apresentando colonias com diamentro de 6-6,5 cm apds 7 dias de incubacdo a 25°C em CYA e a
37°C as coldnias apresentam didmetro de 6-7 cm. Nao ha formagdo de esclerécio, pode ser uni
ou bisseriado. A. minisclerotigenes, assim como A. arachidicola, cresce bem a 25,37 e 42°C,
apresentando colonias com diamentro de 6-7 cm apds 7 dias de incubag@o a 25°C e também a
37°C em CYA. H4 formacdo de esclerdcios (150-300mm de didmetro), é predominantemente
bisseriado. Ambos A. arachidicola e A. minisclerotigenes sao produtores de aflatoxinas By, B,
G, e G, (Pildain et al., 2008)

As espécies A. pseudotamarii, A. parvisclerotigenes, e A. togoensis, sdo produtoras

de aflatoxina B (Ito et al., 2001; Frisvad et al., 2005; Varga et al., 2011; Rank et al., 2011).
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Enquanto que as espécies A. bombycis, A. pseudocaelatus, A. mottae, A. sergii, A.
transmontanensis, A. pseudonomius e A. novoparasiticus sdo produtoras de aflatoxinas B e G
(Peterson et al., 2001; Varga et al., 2011; Soares et al., 2012; Gongalves et al., 2012, Massi et al.
2014)

2.3 AFLATOXINAS

2.3.1 CARACTERISTICAS E CONDICAO PARA PRODUCAO

As aflatoxinas sdo moléculas de dihidrofuranos unidas a anéis cumarinicos de
baixo peso molecular. Apresentam-se na forma de cristais incolores ou levemente amarelados.
Sao fluorescentes sob luz ultravioleta, com emiss@o de fluorescéncia azul pelas aflatoxinas B, e
B,, verde pela aflatoxina G;, verde azulada pela aflatoxina G, e azul violeta pela aflatoxina M.
A Figura 8 apresenta a estrutura das aflatoxinas. Sdo pouco soliveis em dgua, insoldveis em
solventes apolares e soldveis em solventes orginicos, como cloroférmio e metanol, e
especialmente em dimetil sulféxido (IARC, 2002).

Sao metabolitos secunddrios, formados através da via biossintética das policetidas
(Bennett & Klich, 2003). A producdo de aflatoxina € influenciada por fatores intrinsecos
(umidade, atividade de agua (ay), pH e composi¢do nutricional) e extrinsecos (temperatura,

umidade relativa, gases atmosférico).

Figura 8. Estrutura das aflatoxinas By, B,, G, G, e M.
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A temperatura e a,, sdo fatores que além de influenciar o crescimento de cepas
aflatoxigénicas, tem papel importante na expressdo dos genes responsdveis pela biossintese de
aflatoxina, estimulando sua producdo ou ndo. Enquanto a condi¢do 6tima para crescimento de
Aspergillus flavus € de 30-35°C e a,,0,99, a condicdo para producdo de aflatoxinas é de 25-30°C
e ay 0,95 (Abdel-Hadi et al., 2012). Além das varidveis de temperatura e a,,, a constituicao
nutricional da matriz alimentar também interfere no crescimento e produgdo da toxina, por
exemplo, em amendoim, as condi¢des ideais para crescimento de A. flavus sdo 34°C e a,, 0,94

para produgdo da toxina 32°C e a,, 0,99 (Sanchis & Magan, 2004).

2.3.2 EXPOSICAO AGUDA E CRONICA

A exposi¢do as aflatoxinas pode causar intoxicac¢do aguda ou cronica. Os casos de
intoxicacdo aguda sdo raros. Estima-se que o DL, para intoxicagdo aguda em humanos seja de
5 mg/kg, mostrando uma certa tolerdncia a aflatoxina B; (Moss, 2002). Em 1974 foi relatado um
surto de aflatoxicose na India, envolvendo 397 pacientes, que apresentaram febre, vomito e
anorexia. Parte dos casos evoluiu com melhora dos sintomas e 106 pessoas morreram
(Krishnamacharietal, 1975). A exposi¢do cronica por aflatoxinas mostra-se mais critica, pois
além da acdo imunossupressora e causar cirrose hepdtica, é consideradas pela International
Agency for Research on Cancer (IARC) pertencente ao grupo 1, i.e, carcinogénica ao homem
(IARC, 2002).

As acdes imunossupressoras em animais incluem aplasia do timo, redugdo
numérica e funcional dos linfécitos T, reducdo no mecanismo de fagocitose e do sistema
complemento. Estudos epidemioldgicos de exposi¢do humana a dieta naturalmente contaminada
com aflatoxinas evidenciam a associacdo entre o consumo e a incidéncia de carcinoma
hepatocelular. Estudos controversos mostram que a presenga de aflatoxinas € suficiente para
desencadear a formacdo do cancer hepditico, enquanto outros trabalhos mostram que ¢é
necessdria a presenca do virus da hepatite B para iniciar este processo (ICMSF, 2002; WHO,
1999). A presenca de aflatoxinas e do virus de hepatite B apresenta uma acdo sinérgica para o
desenvolvimento do cancer. As aflatoxinas sdo aproximadamente 30 vezes mais potente na
presenca do antigeno de superficie da hepatite B que em pessoas que nio apresentam este
antigeno. Além disso, o risco de cincer em pacientes com o virus da hepatite B passa de 5 para
60 quando a infecgdo € associada a exposi¢do por aflatoxinas. Um fato que pode explicar essa
acdo sinergistica entre aflatoxinas e virus da hepatite B é a presenca do virus reduzir a
capacidade de detoxificacdo das aflatoxinas (Williams et al., 2004).

2.3.3 TOXICOCINETICA E TOXICODINAMICA
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A absorcdo via oral da toxina € facilitada devido a sua caracteristica lipofilica.
Apés a ingestdo, as aflatoxinas sdo absorvidas no trato gastrointestinal, distribuidas pela
circulacdo sanguinea e se concentra no figado, devido a alta permeabilidade da membrana do
hepatdcito pela toxina, e no rim, em menor quantidade (Eaton &Groopman, 1994).

A biotransformacdo da aflatoxina B; resulta tanto na ativagdo de compostos,
responsdveis por seus efeitos toxicos e carcinogénicos, como na inativacdo e eliminacdo. As
principais reagdes que envolvem o metabolismo de aflatoxinas sdo de oxidagado, hidroxilagdo e

demetilagdo (Figura 9) (Wu et al., 2009) .

Figura 9. Principais reacdes e produtos da biotransformacéo da aflatoxina B1.

AFB -8, S-ditydrodcd

Covalent bonds with nucieic acids or Schiff base
formaton with cediular and microsomal proteins
{guanine, me ihionine, histide)

Lo

Conjugation with soiuble nudeophiic moleciles
{ ghutathicne, giucuronides, sulphonides etc. )

|—- detoxificaton

ﬂa!mﬁf—"

o (8] OCH,
afatoosn H, {AFH,)

Fonte: Wu et al., 2009



32

A oxidagdo da ligacdo dupla do anel furano, realizada pela citocromo P450, resulta
na formagdo de um epéxido AFB; —8,9 — oxido. Por ser altamente instdvel, € uma molécula
eletrofilica e altamente reativa. O carbono 8 do epdxido se liga de forma covalente ao nitrogénio
na posicdo 7 da base nitrogenada guanina presente no DNA, tornando-se estdvel e conferindo
mutagenicidade. O epdxido formado pode apresentar-se na forma de isdbmeros AFB; — endo —
8,9 — oxido e AFB, — exo — 8,9 — oxido. Apenas o isdbmero exo apresentou atividade genotdxica
(Guengerichet al., 1998). Em solugdes aquosas, o epdxido sofre uma hidrolise ndo enzimatica,
com a formacdo de AFB; — 8,9 — dihidrodiol. Esta estrutura pode se apresentar como fenolato,
através de ressondncia, capaz de reagir com aminodcidos das proteinas, especialmente com
lisina, e formar base de Schiff. Esta reacdo € responsdvel pela toxicidade aguda da aflatoxina
(Eaton &Gallagher, 1994). A reacdo de hidroxilacdo da aflatoxina resulta na formacdo de
moléculas com menor atividade bioldgica. A hidroxilagdo nas posi¢des 3 e 9 resulta na
formacdo de AFQ,e AFM, respectivamente. AFQ; é um produto de detoxificacdo da aflatoxina,
apresenta baixa toxicidade, mutagenicidade e carcinogenicidade. A AFM,; é um metabolito
encontrado no leite, € menos toxica que a AFB;, mas também € considerada carcinogénica
(IARC, 2002; Eaton &Groopman, 1994). A demetilacdo da AFB, resulta na formacao de AFP,
substincia com menor toxicidade.

A avaliag¢do da exposicdo de aflatoxinas em humanos pode ser feita pela andlise de
biomarcadores na urina, sangue periférico e outros 6rgaos. Na urina, podem ser encontradas as
aflatoxinas nao metabolizadas (AFB; e AFG,), os metabolitos originados da hidroxila¢do
(AFM,; e AFQ,) e da demetilacdo (AFP;). Apesar de muito utilizados para avaliacdo da
exposicao aguda, ndo podem ser utilizados para analise de exposi¢do cronica. Os marcadores
encontrados no sangue periférico sdo as aflatoxinas ligadas covalentemente as proteinas
plasmaticas, principalmente a albumina. A andlise deste biomarcador apresenta como vantagem
maior praticidade na coleta de amostra, quando comparada a urina, e avalia a exposi¢do da
toxina por um periodo maior (2-3 meses), levando em considera¢do o tempo de meia vida da

albumina em humanos (Eaton &Groopman, 1994)

2.4 ANALISE DE RISCO

Risco pode ser definido como a probabilidade de ocorréncia de um efeito adverso a
saide, consequente a exposicdo a um perigo. Este, por sua vez € definido como um agente
biolégico, fisico ou quimico capaz de causar um efeito adverso (Codex, 1999).

Estes dois conceitos podem ser simbolicamente expressos através da equacao:
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perigo
medida de controle

Tisco =

Apesar de nunca obter-se um risco igual a zero, a utilizacdo de medidas de controle
minimiza o risco (Kaplan & Garrick, 1980).

A andlise de risco é um processo composto por trés componentes: avaliacdo do
risco, que confere a base cientifica, o gerenciamento do risco, realizado a partir da avaliacdo de
risco por agéncias reguladoras e a comunicacdo do risco (figura 10). Estas etapas se

correlacionam e visam garantir a seguranca da sadide publica.

Figura 10. Etapas da andlise de risco.
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Fonte: Jardim & Caldas, 2009, Codex 1999.

2.4.1. AVALIACAO DE RISCO DE MICOTOXINAS

A avaliagdo do risco tem como principal objetivo estimar a probabilidade e
severidade da ocorréncia do risco, além de identificar medidas de intervengio. E um processo
distribuido em quatro etapas: (i) identificacdo do perigo, (ii) caracterizacdo do perigo, (iii),

avaliacdo da exposicao e (iv) caracterizacio do risco (Codex, 1999).

2.4.1.1 IDENTIFICACAO DO PERIGO

A etapa de identificacdo do perigo tem por objetivo identificar o agente
responsavel pelo efeito adverso na satide. Esta € uma etapa qualitativa e pode ser analisada sob
duas perspectivas: durante o desenvolvimento de um novo produto, com o objetivo de
identificar possiveis perigos que devem ser evitados para garantir a seguranca do alimento, ou
por abordagem retrospectiva, através da andlise de dados epidemioldgicos a fim de caracterizar
os efeitos adversos apresentados por consumidores, identificar o alimento que causou esse efeito

adverso e isolar o agente causador (Codex, 1999).
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Virias micotoxinas foram descobertas a partir de efeitos adversos observados tanto
em humanos como em animais. Em 1960 o amendoim utilizado como fonte proteica na racao de
animais domésticos foi responsdvel por causar uma sindrome de etiologia desconhecida até
entdo, que foi denominada turkey X disease, pois acometeu primeiramente perus e em seguida
outros animais domésticos. Apds uma extensa investigacdo, o agente etiolégico responsédvel
pela doenca foi identificado como aflatoxinas (Cole, 1986). A partir de entdo, estudos foram

feitos para caracterizacdo deste perigo.

2.4.1.2 CARACTERIZACAO DO PERIGO

Uma vez identificado o perigo, a etapa de caracterizacdo descreve de forma
qualitativa ou quantitativa a severidade e duracdo do efeito adverso resultante da ingestao do
microrganismo ou sua toxina. Relaciona a quantidade consumida (dose) e a probabilidade ou
severidade do efeito adverso observado (resposta). O estudo de dose-resposta varia de acordo
com o agente causal, o tipo de resposta e o hospedeiro (Codex, 1999).

Quando a substancia estudada ndo apresenta efeito carcinogénico, os estudos de
dose-resposta levam em consideragdo pontos como NOAEL (no observed adverse effect level),
o que corresponde a maior dose testada na qual efeitos adversos ndo sdo observados e LOAEL
(lowest observed adverse effect level), o qual representa o nivel do menor efeito observado. Os
valores observados de NOAEL podem ser utilizados para estipular doses de referéncia (RfD) e
doses que podem ser consumidas diariamente com seguranca ao longo da vida sem apresentar
efeitos adversos a saide (TDI). Para substancias carcinogénicas e genotdxicas, como as
aflatoxinas, essa abordagem nio € feita, uma vez que uma dose didria (TDI) estipulada a partir
do valor de NOAEL n#o pode ser determinada, pois a exposi¢do a qualquer concentracio da
substancia seria suficiente para observagao de um efeito (Kuiper-Goodman, 2004).

Uma alternativa para avaliacdo de dose—resposta em substincias genotdxicas e
carcinogénicas é o método da dose padrao (BMD- Benchmark Dose). Esta andlise baseia-se em
um modelo matematico ajustado em dados experimentais dentro de uma variacdo observada e
estima a dose que causa a menor resposta mensurdvel (BMR), geralmente escolhida a 5 ou 10%
de incidéncia do efeito acima do controle. O comité cientifico da autoridade europeia de
seguranga alimentar (EFSA) recomenda a utilizagdo do limite inferior da dose padrdo (BMDL)
com a BMR de 10% (BMDL10) como ponto de referéncia adequado para compostos
genotéxicos e carcinogénicos. Este valor representa o menor aumento estatisticamente

significativo que pode ser mensurado nos estudos desenvolvidos (EFSA, 2007).
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2.4.1.3 AVALIACAO DA EXPOSICAO

Esta etapa avalia qualitativa ou quantitativamente a ingestdo de agentes biol6gicos,
quimicos e fisicos (Codex, 1999). Para realizar a avaliacdo de exposicdo sdo considerados dados
de concentragdo da substancia no alimento, o consumo do alimento e o peso corpdreo, como

ilustrado na equacdo:

concentracic da substanciax Consume do alimento

Exposicdo =
xp g PESD COTpPoreo

A determinacdo da concentracio da substancia no alimento pode ser influenciada
por vdrios fatores, como processo de amostragem, o método analitico utilizado, sua precisao e
exatiddo, além dos limites de detec¢do (LOD) e quantificagdo (LOQ) (Jardim & Caldas, 2009).
Os valores relatados como ndo detectdveis nas andlises das amostras do alimento em estudo
devem ser substituidos pelo valor de LOD (limite superior), pelo valor de LOD dividido por 2
(limite mediano) ou por zero (limite inferior) dependendo da porcentagem dos resultados
reportados abaixo do limite de detec¢do (GEMS/Food-EURO, 1995)

Os dados de consumo podem ser obtidos através de balangos alimentares, dados de
Pesquisa de Orcamentos Familiares (POF) e questiondrios alimentares individuais (FAO, 2001).
A escolha dos dados dependerd dos objetivos, alimentos e necessidade de cada estudo. Quando
ndo estiver associado ao consumo, o peso corpéreo médio pode ser utilizado (Jardim & Caldas,
2009).

Dois modelos podem ser utilizados para avaliagdo da exposi¢do, o modelo
deterministico e o probabilistico. No modelo deterministico, os dados de concentracio da
substincia, consumo e peso corpéreo sdo valores pontuais como média, mediana, percentil ou
valor maximo. Esta abordagem tem como vantagem uma maior facilidade para gerar os
resultados, contudo, a interpretacdo dos dados gerados pode ndo ser tdo representativa, uma vez
que os dados utilizados sdo pontuais. Devido as limita¢des, a analise deterministica € indicada
como metodologia de screening com o objetivo de identificar se o consumo da substancia
estudada pelo consumo de alimento oferece risco a satde. Caso o risco ndo seja de preocupagdo
para saude publica, estudos como andlise probabilistica ndo sdo realizados (WHO, 2005). O
modelo probabilistico permite uma visao mais realista da exposicao a substancia estudada, pois
considera todas as fontes de variabilidade e incerteza. Neste modelo, toda informacao disponivel
das variacdes no consumo do alimento, concentrag¢do da substancia no alimento e peso corpéreo

da populagdo € considerado (Arcella & Leclercq, 2004).
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2.4.1.4. CARACTERIZACAO DO RISCO

A etapa de caracterizacdo do risco representa a integracdo da identificacdo e
caracterizacdo do perigo e a avaliacdo da exposicdo para obtencdo da estimativa do risco,
considerando as incertezas. O desenvolvimento desta etapa da andlise do risco requer
disponibilidade de dados e recursos humanos especializados (Codex, 1999).

O célculo da margem de exposicdo (MOE) € uma das metodologias utilizadas para
caracterizacdo do risco em substincias carcinogénicas e genotoxinas e pode ser calculada
segundo a férmula:

Referénciatoxicologica
MOE =

Exposicdo

A BMDL ¢ a referéncia toxicoldgica utilizada neste cdlculo, preferencialmente a
BMDL10 (Jardim & Caldas, 2009). Valores de MOE igual a 10.000 ou maiores, quando
baseados em BMDLI10 proveniente de um estudo em animais indicariam risco de baixa
preocupacdo do ponto de vista de saide publica e pode ser considerado como uma prioridade
baixa para a gestao de risco. Entretanto, esse julgamento deverd ser feito pelos gestores de risco
durante o gerenciamento de risco, outra drea da andlise de risco (EFSA, 2005).

Diversos estudos de avaliacdo de risco para micotoxinas em alimentos tém sido
realizados devido a ocorréncia em diversos alimentos. Estudos de avaliacdo de risco para
aflatoxinas foram realizados em diversos paises como Japao (Sugita-Konishi et al, 2010),
continente africano (Shephard, 2008), e Brasil (Jager et al., 2013). Andrade et al.(2013)
desenvolveram uma avaliacdo da exposicao de risco as aflatoxinas em produtos consumidos no
Brasil e obtiveram resultados que apontam o amendoim e seus produtos derivados como
alimento de maior preocupagdo, responsavel pela exposi¢do da populacdo a esta toxina. Estes
dados ressaltam a importincia do monitoramento deste alimento, durante toda a cadeia

produtiva do amendoim, para assegurar sua qualidade e seguranca no produto final.

2.4.5. APLICACAO DO CONCEITO DOS OBIJETIVOS DE INOCUIDADE DE ALIMENTO (FSO) NO

GERENCIAMENTO DE RISCO DAS AFLATOXINAS NO AMENDOIM

O uso da andlise de risco tem aumentado o interesse da utilizacdo de métricas
baseadas no risco para uma relacdo mais direta com a sadde publica. Os governos sio
responsdveis pelo estabelecimento de metas de saide publica. O uso das metas baseadas na

andlise de risco introduzem ferramentas e conceitos como ALOPE (Appropriate Level of
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Protection), FSO (Food safety objective) e PO (Performance Objective).O ALOPE € o nivel de
risco assumido por uma sociedade. Resulta de uma avaliagdo de risco, e leva em consideracdo
os custos envolvidos nas medidas de controle. Os valores assumidos de ALOPE ndo esclarecem
aos produtores de alimentos as medidas necessdrias para obter este nivel de protecdo. Como
auxilio a obten¢do destes niveis, o FSO estabelece de forma flexivel, metas que devem ser
atingidas pela cadeia produtiva para obter uma frequéncia ou concentracio maxima permitida de
um perigo em um alimento no momento do consumo. Em casos que o FSO representa
praticamente a auséncia de perigo no produto final, o produtor de alimentos precisa estabelecer
um nivel, o PO, a ser atingido na cadeia produtiva antes de obter o produto final (ICMSF,
2006).

O conceito de FSO foi aplicado qualitativamente na cadeia produtiva do amendoim
por Pitt et al. (2013) (Figura 11), para entendimento das etapas que pode haver crescimento ou
diminui¢ado da toxina no amendoim.

Para melhor compreensdo de como os valores maximos de aflatoxinas permitidos
em amendoim podem ser alcancados pelo produtor, garantindo a producdo de um alimento
seguro, o conhecimento das etapas de producdo, e dos pontos onde pode haver aumento e
diminui¢do na concentra¢do desta toxina sdo importantes. Tendo em vista essa necessidade, o
conceito de objetivo de inocuidade de alimentos (FSO — food safety objectives) foi utilizado por
Pitt et al. (2013) (Figura 11). Este conceito, geralmente aplicado para bactérias patogénicas e
toxigénicas, tem uma ampla aplicacdo e pode ser usado como ferramenta para auxiliar no
entendimento da formagdo de micotoxinas e realcar as medidas de controle disponiveis para

gerenciar os niveis de micotoxinas no alimento. O FSO pode se determinado segundo a

HO+ ZI—ZR = F50

onde HO representa a concentragio inicial da toxina, % I representa a somatéria do aumento da

equagdo:

toxina e % R a somatéria da reducdo da toxina.

Durante a etapa de pré-colheita, sob condi¢des adequadas de chuva e irrigagdo, nao
ocorre a producio de aflatoxinas, enquanto que em situagdes de estresse hidrico, como discutido
anteriormente, ¢ danos causados por insetos, a infec¢do do amendoim por fungos favorecem a

producdo das mesmas.
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Figura 11. Formacao e reducao de aflatoxinas durante a cadeia produtiva do amendoim
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Na etapa de pos-colheita, a secagem artificial promove uma secagem rapida,
prevenindo a formacdo e/ou aumento da producdo das aflatoxinas. Porém uma secagem no
campo com o amendoim disposto em leiras pode levar dias para atingir uma umidade segura
permitindo a formagdo das toxinas. O controle da umidade ou armazenamento sob refrigeragdo
abaixo de 10°C sdo as condicdes ideais de armazenamento, entretanto, isto nao ocorre em paises
em desenvolvimento de clima tropical. Neste caso a umidade e a temperatura elevada podem
resultar no aumento da producdo de aflatoxinas. Durante o processamento, a selecdo
colorimétrica auxilia na redugdo dos graos contaminados devido a descoloracdo causada pelos

fungos. Apds o blancheamento e torracio a descoloracdo fica mais bem evidenciada na selecdo

colorimétrica (Pitt et al., 2008).
Desta forma, varias ferramentas como FSO, Anélise de Risco e Pontos Criticos de

Controle (HACCP), PO entre outros, ja foram introduzidas para o controle de aflatoxinas no
amendoim desde o plantio até o consumidor. O conhecimento destas ferramentas, dos pontos
criticos de controle, do crescimento e fisiologia dos fungos toxigénicos entre outros pode

prevenir e minimizar os riscos de aflatoxinas no amendoim.
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Abstract

A total of 125 samples (119 peanut and six soil samples) were collected throughout peanut
production chain in Sdo Paulo State, Brazil. The peanuts were directly plated for determination
of percentages of infection. Further, the potential for aflatoxin production by the isolates was
tested using the agar plug technique, and aflatoxins in peanuts was assessed using an
immunoaffinity column followed by quantification using HPLC with reverse phase column and
fluorescence detection. The limit of detection and quantification were 0.05 and 0.17ug/kg for
total aflatoxins, respectively. Mycelia sterilia group were the most common at field, sorting and
blanching stages (48.15%, 80% and 57.14% respectively). Aspergillus section Nigri was the
most common during the drying stage (84.21%), while Aspergillus flavus was the most
prevalent at ready-to-eat (31.25%). Aspergillus flavus was the most common species from
Aspergillus section Flavi, in soil samples. Five species of Aspergillus section Flavi were
isolated from soil and peanuts: A. arachidicola (2), A.caelatus (12), A. flavus (502), A.
parasiticus (15) and A. tamarii (9). All isolates of A. arachidicola and A. parasiticus were able
to produce aflatoxin B and G whereas aflatoxin B was produced by 52% of A. flavus isolates.
Aflatoxin was found in 12 samples at concentrations ranging from <0.05 to ‘100 pg/ kg
The data reported in this study add information on the occurrence and biodiversity of fungi in
peanut in several stages of production chain. Also, the data on the occurrence of aflatoxins are
of major relevance for continuous monitoring and assessment of likely exposure of consumers

to aflatoxins through consumption of peanuts.
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1. Introduction

Peanut (Arachis hipogaea), also named as groundnut, belongs to Leguminosae family
and is original from South America (Fageria, 2010). Brazil is the third largest peanut producer
in the Americas, behind the United States and Argentina (USDA, 2015). The state of Sao Paulo
stands out as the largest national producer and approximately 80% of the peanuts produced in
the state are exported to European countries such as Netherlands, United Kingdom and Russia,
and Algeria in Africa (Conab, 2015; Martins, 2011)

Aspergillus section Flavi occurrence during peanut production chain represents a major
concern due to the production of aflatoxin by some species such as Aspergillus flavus (aflatoxin
B producer) and Aspergillus parasiticus (aflatoxin B and G producer). Aflatoxins are the
secondary metabolites produced by molds known as the most potent carcinogens known
considered by International Agency for Research on Cancer (IARC) as group 1. (IARC, 2002).
Aflatoxin occurrence in peanuts has been reported in Brazil (Nakai et al., 2008; Gongalez et al.,
2008; Freitas et al., 1998) and in a range of countries such as Spanish, South Africa, Egypt,
Malawi, Pakistan (Cano-Sancho et al., 2013; Kamika et al., 2014; Youssef et al., 2008;
Matumba et al., 2014; Mushtaq et al., 2012). As peanut contamination by aflatoxin is a well-
known problem, some countries established limits of this toxin in peanut. The commission of
the European community established in 2006 by Regulation (EC) N° 1881 maximum 15 pg/kg
total aflatoxins in peanuts to be subjected to sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs, and 4 pg/kg for peanuts processed an ready to
eat (EC, 2006). Brazilian Health Surveillance Agency (ANVISA) established in 2011, through

the RDC No. 07, limits of 20 pg/kg total aflatoxins (Brasil, 2011).

The Brazilian Chocolate, Cocoa, Peanuts, Candies and Byproducts Industry Association
(ABICAB) created in 2001 a program named “Pro-Peanut” to prevent aflatoxin production

during peanut production chain. This program created the Pro-Peanut Seal, awarded to
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companies that meet the legislation requirements to prevent aflatoxin production and to
manufacture peanut products considered safe (ABICAB, 2015).

Aflatoxin in Brazilian peanut has been reported by several studies. Gongalez et al.
(2008) analyzed mycotoxin in peanuts and showed that aflatoxins were present in 32% of total
samples ranging from 4.20 to 198.84ug/kg. Zorzete et al., 2013 studied the aflatoxins
occurrence in peanuts from two different cultivars (Runner IAC Caiapé and Runner IAC 886)
stored for 6 months and found that 11.4% of peanuts were contaminated with aflatoxins with
mean levels ranging from 0.03 to 16.6 pg/kg. Magrine et al., 2011 found that 50% of the peanut
products samples were contaminated with aflatoxins ranging from 0.5 to 113pug/kg.

Studies have agreed that avoiding aflatoxigenic molds comprises the best method to
reduce aflatoxin contamination in peanuts (Goldblatt.,1970; Dickens, 1977; Torres et al., 2014).
To improve and ensure low aflatoxigenic fungi contamination and consequent aflatoxin
production, knowledge of ideal conditions for the production and assessment of occurrence of
these fungi at every stage of production chain are important. Therefore, the present study aimed
to isolate and identify Aspergillus section Flavi species throughout peanut production chain;
investigate the ability of aflatoxin production by the isolates and assess the presence of

aflatoxins in peanut samples from field to ready-to-eat samples.

2. Materials and Methods

2.1 Peanut samples

Peanut samples, each of approximately 2kg, were collected at different stages of the
production chain directly from farmers and processing plants located in the state of Sao Paulo,
Brazil during 2013 and 2014. A total of 119 samples were collected at: field stage (27) which
include uprooting (3), windrow (9), pulling (11), and transport (4), and from processing stage,

the drying (19), threshing (11), sorting (25), blanching (21), and ready-to-eat (16). Six soil
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samples from peanut fields were also analyzed. The amount of samples was taken according to

availability in each stage the day they were collected.

2.2 Water activity
The peanut water activity was determined using an Aqualab Series 3TE instrument

(Decagon, Pullman, WA, USA) at 25+1 °C, in duplicate.

2.3 Fungal isolation from soil and peanut samples

From each sample, 50 grains were superficially disinfected by immersion in 0.4%
sodium hypochlorite solution for 2 min, following direct plating onto dichloran 18% glycerol
agar (DG18), according to Pitt and Hocking (2009). The plates were then incubated for 5 days at
25 °C. For soil samples the dilution plating method was used (Pitt and Hocking, 2009). From
each sample, 25 g were added to 225 mL of sterile peptone water 0.1% and serial dilutions

were inoculated on plates containing DG18, following incubation at 25 °C for 7 days.

24 Morphological examination.

The isolates were grown on czapek yeast agar (CYA) and incubated at 25 °C for 7 days.
Aspergillus section Flavi were examined on standard identification media for Aspergillus
species (CYA), at 25 °C, 37 °C and 42 °C and on Aspergillus flavus and parasiticus agar
(AFPA) at 25 °C for 7 days (Pitt and Hocking, 2009). Other isolates belonging to other genres

were identified according to Pitt and Hocking (2009) and Samson et al. (2010).

2.5 Aflatoxin production potential by Aspergillus section Flavi isolates

Aflatoxin production potential was tested according to methodology described by
Filtenborg et al. (1983). Aspergillus section Flavi isolates were inoculated onto yeast extract
sucrose agar (YES) at 25°C for 7 days. Then, fungal extracts were taken as plugs and placed on

TLC plates with a mixture of aflatoxin B1, B2, G1 and G2 standard (Sigma Aldrich, St. Louis,
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MO, USA), developed in a toluene: ethyl acetate: formic acid 90%: chloroform (7:5:2:5,

v/v/v/v) mobile phase, and visualized under UV light at 365 nm.

2.6 Aflatoxin analysis in peanut samples

The aflatoxin analysis was carried out according to Stroka et al. (2000) with
modifications.

2.6.1 Clean-up

Twenty-five grams of ground peanuts were added to 2.5g of NaCl and extracted with
100 mL of methanol: water solution (8:2, v/v) for 30 min at high speed (10,000 rpm) using a
horizontal shaker (New Brunswick Scientific Company, USA). The solution was filtered
through quantitave filter paper (Nalgon, Germany), followed by glass microfiber filter (Vicam,
USA). Then, 10 ml of the filtrate was diluted in 60 mL phosphate buffered saline (pH 7.0) and
applied to an immunoafinity column (Aflatest WB Vicam, USA) at a flow rate of 2-3 mL/min.
The column was then washed with 30 mL of distilled water and aflatoxins eluted with 1250 pl

of methanol and 1750 pl of Milli Q water.

2.6.2 Chromatographic conditions

Agilent 1260 Infinity LC system (Agilent, EUA) was used with fluorescence detection at
362nm excitation and 455nm emission, isocratic system, reverse-phase, C18 column. The
system was associated with a Kobracell electrochemical reactor (R-Biopharm, Germany)
connected to a current of 100pA for post-column derivatization of aflatoxins B1 and G1. The
mobile phase was water: acetonitrile: methanol (6: 2: 3, v/ v/ v), with 119 mg of KBr and 350

pL of 4M nitric acid per liter at a flow rate of 1 ml / min and injection volume of 20uL.
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2.6.3 Methodology validation
Detection and quantification limits were determined according to Eurachem Guides
(1998). To determine aflatoxins recovery on peanut samples, test were carried out with three

different levels of contamination were used (0.5, 5 and 25ug/kg) in triplicate.

3. Results
3.1 Water activity and fungal infection

Results of frequency of occurrence (number of samples with a fungal species/total of
samples evaluated), average infection (sum of infection level/total number of samples), range of
infection (range of infected grains in a sample) and the water activity of the samples are shown
in Table 1. The mean values of a,, of the soil samples analyzed were 0.979 (0.952-0.999). The
peanut production steps from field to ready-to-eat resulted in a water activity reduction from
0.776 to 0.394. Peanut samples from field included uprooting, windrow, pulling and transport
stages. The water activity of peanuts ranged from 0.482 to 0.998 (mean 0.776); in which
uprooting and windrow had the higher mean values (0.995 and 0.955 respectively) while
transport had the lowest at this stage (0.745). The drying stage resulted in an important water
activity decrease giving microbiological stability for peanut, with an average of 0.538 (0.471-
0.652). During threshing, sorting and blanching the mean values were 0.571, 0.570 and 0.461
respectively and ready-to-eat samples showed water activity of 0.394.

Peanut mycobiota varied depending on the production stage. Fungi from Mycelia
sterilia group was the most common at field, sorting and blanching stages (48.15%, 80% and
57.14% respectively). Aspergillus section Nigri was the most prevalent during the drying stage
(84.21%) and Aspergillus flavus at ready-to-eat (31.25%). The number of isolates on soil
samples was low (10 CFU/g). Aspergillus flavus was the most common species from
Aspergillus section Flavi, present in three samples. From eight isolates of Aspergillus flavus,
none were aflatoxin B producers while the only Aspergillus parasitcus isolate was aflatoxin B

and G producer.
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Five species of Aspergillus section Flavi were identified from all stages of the peanut
chain using morphological and physiological characteristics. Aspergillus arachidicola was
found with low frequency (3.7 and 5.3%) and average of infection (0.07 and 0.11%) in samples
from field and drying stages. Aspergillus caelatus was present at almost all stages except for
ready to eat samples. The frequency of occurrence was from 7.4%, with an average of infection
of 0.52 and 0.31% during postharvest and drying, to 4% and average of infection of 0.1% at the
sorting stage. Aspergillus flavus was the most common fungi from Aspergillus section Flavi,
present in all stages of the peanut production chain. It occurred more frequently in samples from
sorting (78.3%), followed by drying (63.2%), threshing (54.5%), blanching (47.6%), field
(40.7%) and ready-to-eat (31.3%). The average of infection was from 12.5% during drying to
1.3% in ready-to-eat samples. Aspergillus parasiticus was found in samples from postharvest,
drying and sorting stages with a frequency of occurrence of 7.9, 21.1 and 20% and average of
infection of 0.2, 0.6 and 0.5% respectively. Aspergillus tamarii was present at all stages, except
field and threshing, and most frequent at sorting (12%) with 0.5% being the average of
infection.

A total of 571 strains of Aspergillus section Flavi were isolated from the peanut
production chain (Table 2). All Aspergillus arachidicola (2 isolates) and Aspergillus parasiticus
(16) were aflatoxin B and G producers. Aspergillus caelatus, Aspergillus tamarii and other
Aspergillus section Flavi were non-producers. Isolates of Aspergillus section Flavi and the
aflatoxin producers are shown in Table 2. Most of the isolates were recovered from the sorting
stage (174), followed by drying (119), field (93), blanching (77), threshing (30) and ready-to-eat
(10). Aflatoxin B production by A. flavus isolates occurring in isolates from field, drying,
threshing, sorting, blanching and ready to eat were 83%, 41%, 30%, 31%, 53% and 50%

respectively.
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3.2 Aflatoxin analysis

Table 3 shows the aflatoxin analyses of samples from each stage of the peanut chain.
The detection and quantification limit for total aflatoxins was 0.05pg/kg and 0.17pg/kg
respectively. The recovery percentage of samples contaminated with 0.5, 5.0, and 25 pg/kg was:
96.8, 88.2 and 99.4% respectively. The mean values of contamination were presented as lower
bound (Lb), where the values below the limit of detection (LOD) were replaced by zero and
upper bound (Ub) where the values were replaced by LOD divided by 2. The occurrence of
aflatoxin in samples was low as only 12 from 119 were positive (10%). Aflatoxins were not
present in samples from the field and threshing stage.

The average of contamination from drying, blanching, sorting and ready to eat stages
samples were 7.63 pg/kg, 0.3 ug/kg, 5.06ug/kg and 1.29ug/kg. Separated values from each
positive sample and aflatoxigenic fungi incidence are detailed in Table 4. The highest
concentration of total aflatoxin was found in a sorting sample with 100.91 pg/kg, followed by
95.46pg/kg from a drying stage sample. The drying sample showed only aflatoxin B, while the
sorting sample showed aflatoxin B and G contamination and no aflatoxin B and G fungi
producer. Aflatoxins in ready-to-eat samples ranged from 0.82ug/kg to 14.07ug/kg. The water

activity in these samples was low (0.341- 0,376) preventing fungal growth.

4. Discussion

The wide variety of fungi isolated in peanut samples during the production chain can be
explained by variations in water activity and related production stages. Samples from field had a
higher water activity average when compared to other steps, which favored mold growth mainly
of the genera Mycelia sterilia, Aspergillus, dematiaceous fungi, Cladosporium, Eurotium and
Fusarium. Gongalez et al. (2008) analyzed peanut samples from different maturity stages and
after drying with the most frequently observed being Fusarium spp. (26%), A. flavus (17%), A.

terreus (9,5%) and Penicillium spp. (5%).
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The results observed in soil samples were similar to Horn & Doner (1998) that studied
the soil population of Aspergillus section Flavi in peanut fields and found that Aspergillus
flavus and Aspergillus parasiticus were the dominant species in the soil. Their prevalence may
depend on regional differences, frequency of water shortage and soil temperature. Drought
stress results in a plant having lower phytoalexin production, as well as reduced competitive
microbiota, which favors A. flavus and A. parasiticus growth, as xerophiles molds. These
conditions, plus fungi density and insect damage, lead to a direct access for peanut infection
through the shell (Pitt & Hocking, 2009).

Five species of Aspergillus section Flavi were identified from samples of different
production stages: A. arachidicola, A. caelatus, A. flavus, A. parasiticus and A. tamarii. These
species have been reported in other peanut mycobiota studies (Pitt et al., 1993; Pitt et al, 1998;
Nakai et al., 2008; Gongalez et al., 2008) including the work which first described A.
arachidicola species, isolated from peanut in Argentina (Pildain et al., 2008). In Pildain et al.,
2008 work with peanuts from Argentina, another Aspergillus section Flavi was first described
as Aspergillus minisclerotigenes, which was not present in the samples analyzed in our study.

A. flavus, A. parasiticus and A. arachidicola were potentially aflatoxin producers. All A.
parasiticus and A. arachidicola isolates were aflatoxin B and G producers. The average of A.
flavus aflatoxin B producer isolates was 46% and ranged from 31% at the threshing stage to
83% at field. These results agree with Frisvad et al., (2007) that about 40% of A. flavus isolates
are aflatoxin B producer. Vaamonde et al., (2003) studied strains isolated from different
substrates including peanuts (37 strains), with different susceptibility to aflatoxin contamination
and observed that the incidence of aflatoxigenic A. flavus strains was of 73% in peanuts.
Another study conducted by Schroeder and Boller (1973) showed that from 419 strains of A.
flavus isolated in 3 years (1969, 1970 and 1971), 96% were aflatoxin B producer.

A low incidence (10%) of aflatoxin throughout peanut production chain was found in
this study. The quantification of total aflatoxins resulted in values ranging from ND-

100.91pg/kg. From eight positive samples collected at drying, blanching and sorting stages, four
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samples were above the limit established by European and Brazilian regulations (24.46, 49.26,
95.46 and 100.91pg/kg). Two samples of ready to eat stage had presented amounts of total
aflatoxins above European regulation (14.07 and 4.21ug/kg), and for Brazilian regulation, the
values were acceptable which makes Brazilian population more exposed to this toxin. The
peanut sample with the highest total aflatoxin contamination (100.91pg / kg) belonging to the
sorting stage was collected during the selection by density and was smaller than the 16/64 inch
screen. In Brazil, these grains are directed to oil production (Camara, 2014). During the refining
process for obtaining oil, the mycotoxin is removed, so that sample despite having high
contamination by aflatoxins, would not present a direct risk to the consumer (Parlker &
Melnick, 1966).

The mycobiota analyses of the samples contaminated with aflatoxins showed that the
fungi isolated were not necessarily the toxin producers in the sample, since the field samples
were not contaminated by aflatoxins but were infected by producing fungi, and ready to eat

samples were contaminated by aflatoxin but the aflatoxin producer was absent.

5. Conclusion

The results of this survey showed that the peanuts samples are infected with strains of
Aspergillus flavus, and approximately half of them have the potential for aflatoxin B production.
Not only strains of Aspergillus flavus, but also A. parasiticus and A. arachidilola were isolated,
both aflatoxin B and G producers. This reveals the importance of knowing the peanut
mycobiota, since even with low aflatoxin contamination in samples analyzed, the fungi with
potential production was present and eventual problems in moisture and temperature during the
production chain can result in increase of aflatoxin production. Furthermore, even though
measures have being taken to improve the quality of peanuts, studies of occurrence are
extremely important for monitoring and verification of improvements and provides material for

analysis population exposure to toxins through food consumption.
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Table 1. Frequency of occurrence, mean and variation in the level of infection by fungi in different stages of peanut chain
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Stage of peanut chain (n° of

samples) Field (27) Drying (19) Threshing (11) Sorting (25) Blanching (21) Ready to eat (16)
0,394 (0,287 -
Mean a,, (range) 0,776 (0,482 - 0,998) 0,538 (0,471 - 0,652) 0.571 (0.482-0.664) 0,570 (0,457 - 0,690) 0,461 (0,404 - 0, 639) 0,652)
FO Al RI FO Al RI FO Al RI FO Al RI FO Al RI FO Al RI
Fungi (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Aspergillus arachidicola 3.7 0.07 ND-2 5.26 0.11 ND-2 0 0 ND 0 0 ND 0 0 ND 0 0 ND
Aspergillus caelatus 7.4 0.52 ND-8 5.26 031 ND-6 0 0 ND 4 0.08 ND-2 4.76 0.09 ND-2 0 0 ND
Aspergillus flavus 40.7 6.96 ND-90 63.16 12.53 ND-46 54.54 527 ND-20 7826 1227 ND-52 47.62 733 ND-44 3125 1.25 ND-8
Aspergillus parasiticus 7.89 0.21 ND-+4 21.05 0.63 ND-6 0 0 ND 1739 043 ND-4 0 0 ND 0 0 ND
Aspergillus tamarii 0 0 ND 10.52 0.21 ND-2 0 0 ND 8.7 0.26 ND-4 4.76 0.28 ND-6 6.25 0.12 ND-2
Other Asperillus section Flavi 2593 0.74 ND-8 2631 0.63 ND-4 18.18 0.54 ND-4 13.04 035 ND-4 9.52 0.19 ND-2 0 0 ND
A. terréus 3.7 0.15 ND-+4 0 0 ND 0 0 ND 0 0 ND 0 0 ND 0 0 ND
Aspergillus section Nigri 2593 229 ND-24 84.21 6.1 ND-36 63.64 3.81 ND-10 80 7.92 ND-24 333 1.05 ND-6 12.5 0.37 ND-+4
Penicillium sp 0 0 ND 5.26 0.21 ND-+4 0 0 ND 12 0.32 ND+4 4.76 0.09 ND-2 0 0 ND
Fusarium sp 2222 326 ND-60 1053 0.74 ND-12 9.1 1.09 ND-12 4 0.24 ND-6 0 0 ND 0 0 ND
Eurotium sp 2222 0.59 ND-6 42.1 7095 ND-30 7272 269 ND-82 44 148 ND-82 333 2.57 ND-26 25 3 ND-26
Another ascomicetes 3.70 0.07 ND-2 5.26 0.5 ND-10 0 0 ND 0 0 ND 0 0 ND 0 0 ND
Cladosporium sp 4444 2.15 ND-16 2631 1.16 ND-8 2728 0.54 ND-2 4 0.08 ND-2 4.76 0.09 ND-2 6.25 0.25 ND+4
Syncephalastrum sp 0 0 ND 0 0 ND 0 0 ND 4 0.08 ND-2 0 0 ND 0 0 ND
Rhizopus sp 1481 1.85 ND-30 31.58 1.68 ND-12 18.18 1.27 ND-8 16 1.76 ND-18 1429 1.14 ND-20 O 0 ND
Mucor sp 3.7 0.07 ND-2 0 0 ND 0 0 ND 0 0 ND 0 0 ND 0 0 ND
Neurospora sp 0 0 ND 5.26 0.53 ND-10 0 0 ND 0 0 N 0 0 ND 0 0 ND
Dematiaceos fungi 40.74 6.59 ND-32 21.05 137 ND-18 3636 854 ND-44 44 344 ND-20 19.05 1.05 ND-14 O 0 ND
Mycelia sterilia 48.15 1037 ND-48 73.68 10.21 ND-40 63.63 9.1 ND-24 80 104 ND-34 57.14 3.14 ND-12 1875 1.75 ND-14
Wallemia sp. 0 0 ND 0 0 ND 9.1 0.72 ND-8 0 0 ND 19.05 2.38 ND-28 18.75 5.37 ND-36

FO = frequency of occurence % (number of samples that contained a fungal species/total of samples evaluated); Al = average of infection (sum of infection

level/total number of samples); RI = range of infection % (range of infected grains in a sample); and ND = not detected.



Table 2. Aspergillus section Flavi isolates and A.section Flavi aflatoxin producers
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N° of isolates (aflatoxin producers)

Field Drying Threshing Sorting Blanching Ready to eat
Aspergillus arachidicola” 1(1) 1(1) 0 0 0 0
Aspergillus caelatus 7 (0) 3(0) 0 1(0) 1(0) 0
Aspergillus flavus® 93 (77) 119 (49) 2909) 174 (77) 77 (41) 10 (5)
Aspergillus parasiticus” 4 4) 6 (6) 0 50 0 0
Aspergillus tamarii 0 2 (0) 0 3(0) 3(0) 1(0)
Other Asperillus section Flavi 13 (0) 6 (0) 4 (0) 4 (0) 2 (0) 0

% aflatoxin B and G, ° aflatoxin B



Table 3. Aflatoxins (ng/kg) incidence in peanuts from field to ready-to-eat
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Stage of peanut chain Aflatoxin B;  Aflatoxin B, Aflatoxin G; Aflatoxin G, Total aflatoxins
Field (27)

mean (Lb) <LOD <LOD <LOD <LOD <LOD

mean (Ub) 0.025 0.02 0.015 0.01 0.07

median <LOD <LOD <LOD <LOD <LOD

Range <LOD <LOD <LOD <LOD <LOD

No of positive samples® 0 0 0 0 0
Drying (19)

mean (Lb) 6.534 1.102 0.004 <LOD 7.64

mean (Ub) 6.555 1.120 0.018 0.01 7.70

median <LOD <LOD <LOD <LOD <LOD

Range <LOD-83.26 <LOD-12.21 <LOD-0.07 <LOD <LOD -95.48

No of positive samples® 3(16%) 2 (11%) 1 (5%) 0 3 (16%)
Threshing (11)

mean (Lb) <LOD <LOD <LOD <LOD <LOD

mean (Ub) 0.025 0.02 0.015 0.01 0.07

median <LOD <LOD <LOD <LOD <LOD

Range <LOD <LOD <LOD <LOD <LOD

No of positive samples® 0 0 0 0 0
Sorting (25)

mean (Lb) 3.946 0.201 0.897 0.016 5.06

mean (Ub) 3.967 0.219 0.912 0.026 5.12

median <LOD <LOD <LOD <LOD <LOD

Range <LOD-76.71 <LOD-1.36 <LOD-22.43 <LOD-0.41 <LOD -100.92

No of positive samples® 4 (16%) 2 (8%) 1 (4%) 1 (4%) 4 (16%)
Blanching (21)

mean (Lb) 0.149 0.059 0.074 0.020 0.30

mean (Ub) 0.173 0.078 0.089 0.029 0.37

median <LOD <LOD <LOD <LOD <LOD

Range <LOD-3.13 <LOD-1.24 <LOD-1.56 <LOD-0.41 <LOD-6.34

No of positive samples® 1 (5%) 1 (5%) 1 (5%) 1 (5%) 1 (5%)
Ready to eat (16)

mean (Lb) 1.133 0.157 <LOD <LOD 1.29

mean (Ub) 1.151 0.172 0.015 0.01 1.35

median <LOD <LOD <LOD <LOD <LOD

Range <LOD-12,77 <LOD-1,28 <LOD <LOD <LOD - 14,05

No of positive samples® 4 (25%) 4 (25%) 0 0 4 (25%)
Limit of detection (LOD) 0.02 0.01 0.01 0.01 0.05
Limit of quantification (LOQ) 0.06 0.05 0.04 0.02 0.17

“Higher than LOQ; Lb: lower bound; Ub: upper bound.
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Table 4. Peanut samples with highest aflatoxin (pug/kg) and aflatoxigenic fungi incidence at each
stage of production chain.

Stage (Sample code) Aflatoxins (ug/kg) Aw A. section Flavi
Bl B2 Gl G2 Total infection (%)
Drying 83.26 122 ND ND 9546 0.569 8% A. flavus

035 ND 007 ND 043 0.602 38% A. flavus
2% A. arachidicola
2% A. parasiticus
40.53 873 N.D N.D 4926 0471 46% A. flavus
Blanching 313 124 156 041 6.34 0.444 0% A. section Flavi
Sorting 082 ND ND ND 0.82 0.585 56% A. flavus
2% A. parasiticus
76.71 136 2243 041 10091 0.690 4% A. flavus
0.3 ND ND ND 03 0.682 4% A. flavus
2080 3.66 N.D ND 2446 0.605 14% A. flavus
Ready to eat 1277 128 ND N.D 14.075 0.342 0% A. section Flavi
0.68 0.120 NND ND 0.82 0.341 0% A. section Flavi
338 0801 N.D ND 421 0.376 0% A. section Flavi
129 0304 N.D ND 1.62 0.359 0% A. section Flavi

ND= not detected.
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Abstract

The aim of this study was to evaluate the kinetic of aflatoxins degradation during peanut
roasting. Two portions of 100g skinless peanuts were roasted in a vertical spouted bed roaster
operating at 160, 180 and 200° C for 5, 10, 15, 20 and 25 min. Then, samples were ground and
the three color reflectance values, CIELAB L=*axb and aflatoxin concentration by high
performance liquid chromatography (HPLC) were determined. The aflatoxin inactivation rate
(k) was calculated for each initial concentration and it was 0.08+0.01 log pg/kg/min for
702ug/kg (R?=0.9821), 0.06+0.02 log pg/kg/min for 346 pg/kg (R?=0.7543), 0.04+0.01 log
pg/kg/min for 175 pg/kg (R?=0.8830) and 0.04+0.01 pg/kg/min for 35 pg/kg (R?=0.9455).For
fixed initial concentration (84.8 pg/kg), roasting at 160, 180 and 200°C resulted in an aflatoxin
content reduction of 61.6, 83.6 and 89.7%, respectively. For 160°C the aflatoxin degradation
was fitted using the Geereard model, with a kmax =0.13+0.08, for 180°C the aflatoxin
degradation was fitted using the Weibull model, resulting in a delta (8) and p parameters
44.58+14 min and 0.7+0.27, (R*=0.92), respectively. For 200°C the aflatoxin degradation was
fitted using the double weilbull and this model had two delta values: &, 8.23+0.27 and o,
73.61£19.80 min. Alfa (o) and p parameters were 0.82+0.03 and 2.92+0.22 respectively
(R’=0.99).Considering the color analysis, the L* values for temperature of 160°C for five
minutes was statistically similar (p<0.05) to one of the standards analyzed. The evaluation of
color parameter L * compared with the aflatoxin degradation at each time and temperature
allows a better use of the data obtained, since the roasting could be used in industry as a tool, in
addition to the sensory characteristics, to adjust the concentration of aflatoxin to acceptable

levels.
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1. Introduction

Aflatoxins are secondary metabolites produced by Aspergillus section Flavi, mainly by
Aspergillus flavus and Aspergillus parasiticus (Pitt & Hocking, 2009; Pildain et al., 2008)
Aflatoxins are the most potent liver carcinogens known, besides the acute, chronic, genotoxic
and immunosuppressive poison (ICMSF, 2002; Williams et al., 2004). The International
Agency for Research on Cancer classifies aflatoxins as group 1, i.e. carcinogenic to humans
(IARC, 2002).

Limits for aflatoxin in peanuts have been established in several countries. The European
Commission established in 2006 the Regulation (EC) N° 1881 with a maximum limit of 15
pg/kg total aflatoxins in peanuts to be subjected to sorting, or other physical treatment, before
human consumption and 4 pg/kg total aflatoxins in ready to eat peanuts (EC, 2006). Brazilian
Health Surveillance Agency (ANVISA) established in 2011, through the RDC No. 07, limits of
20 pg/kg total aflatoxins (Brazil, 2011).

The best strategy for the control of aflatoxin in peanuts is preventing its formation during
production chain. Some important practices for aflatoxin production prevention are control of
soil moisture, harvest at peanut maturity, drying to safe moisture content (up to 8%), storage at
constant temperature with moisture control and cleaning before transport for control and
removal of damaged nuts (Torres et al., 2014; ICMSF, 2002). However, once produced, some
strategy for aflatoxin removal from foodstuffs can be done by chemical and physical methods.
Among the chemical methods, chlorinating, oxidizing and hydrolytic agents showed
effectiveness. For physical methods, irradiation, ultraviolet and visible light and heat can cause
aflatoxin degradation (Samarajeewa et al., 1990).

Studies have demonstrated the degradation of aflatoxins heat during roasting of peanuts
in oven (Ogunsanwo et al., 2004; Arzandeh&lJinap., 2011), microwave (Mobee et al., 2011;
Luter et al., 1982) and oil (Lee et al., 1969). Among these methodologies, roasting peanuts in

oven is the conventional method and the most widely used in Brazil. Some limitations found in
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studies that evaluated the degradation of aflatoxin during the roasting process is to use not
appropriate time and temperature for obtaining roasted peanuts with commercial characteristics
(color and flavor) and not consider the toxin degradation differences in different initial
concentrations of roasting. Furthermore, many studies used different times for different
temperatures. This difference does not evaluate the toxin degradation kinetics as a function of
temperature. Few kinetics studies for mycotoxin degradation have been carried out. These
studies would assist peanut producers to design specific process which allows obtaining roasted
peanuts with sensory quality (color and flavor) and promotes the degradation of aflatoxin. The
aim of this study was to evaluate the kinetics of aflatoxin degradation during peanut roasting
processing, investigate the influence of the initial aflatoxin concentration in raw peanuts
degradation kinetics, and analyze the peanut color for each roasting time and temperature in

order to stipulate the best conditions of peanut roasting.

2. Material and methods

2.1. Raw peanut sample

Approximately 20kg of raw shelled peanuts with skin were purchased directly from a peanut

cooperative located in the Sao Paulo State, Brazil.

2.2 Peanut mycobiota and aflatoxin production stimulation

In order to verify if the acquired peanut sample showed natural contamination by fungi
producers of aflatoxins, a portion with 50 grains was superficially disinfected by immersion in
0.4% sodium hypochlorite solution for 2 min, and directly plated onto Dichloran 18% Glycerol
agar (DG18) at 25°C, according to Pitt & Hocking (2009) methodology. After five days, the
sample showed 100% of infection with Aspergillus section Flavi and as such, the peanut
acquired were used as substrate for aflatoxin production. To stimulate aflatoxin production by

mycobiota naturally present in peanut acquired, water activity was raised from 0.5 to 0.9 by
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addition of 10mL/g of sterile water, following incubation at 25°C and 80% relative humidity.
As soon as visible fungi growth was observed, after four days of incubation, the peanut was
removed and dried until reaching initial water activity (0.5) in an incubator at 55°C for 10 hours.
Further, the peanut skin was removed, the grains were homogenized and 100 g peanut portions

were separated for each roasting time and temperature analysis.

2.3 Influence of initial concentration on aflatoxin degradation kinetics

A preliminary study was conducted to verify whether the initial concentration influences the
aflatoxin degradation kinetics. To obtain portions with low (35 pg/kg), medians (175 and 346
ug/kg) and high concentration (702 pg/kg), peanuts with 0.9 water activity incubated at 25 ° C
with relative humidity of 80% was removed at different incubation times. Samples were dried
and the skin removed as described above. To assess the interference of the initial concentration
in aflatoxin degradation, the roasting temperature selected was 180 ° C, the mean temperature

used in this study, for 5, 10, 15 and 20 minutes.

2.4. Peanut roasting

Peanut samples (100 g) with the same initial concentration were roasted in duplicate in a
vertical spouted bed roaster (105 mm diameter, 590 mm height, 20 mm screen, 45 angle),
designed at the process engineering laboratory at Institute of Food Technology (ITAL) (Figure
1), operating at 160, 180 and 200° C for 5, 10, 15, 20 and 25 min. The roaster was previously
heated with hot air until the roasting temperature was achieved. After roasting, the equipment
resistance was turned off and air passed through the sample to accelerate the cooling process.
The roasted peanut samples were ground using a laboratory mill IKA A 11, USA) for further

color and aflatoxin analyses.

2.5. Modeling
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In order to describe aflatoxin degradation as a function of temperature, the data obtained at

different times were fitted to models through the use of Ginafit add-in (Geeraerd et al., 2005).
2.5.1 Assessment of initial concentration influence on aflatoxin degradation

First-order kinetics was used to fit the preliminary study (equation 1). Using the aflatoxin
concentration after roasting and respective heating times, curves were drawn by regression of

the data of log aflatoxin concentration against the time.

c (1)
log— = k.t
°Sco

where C represents the final concentration of aflatoxin, CO the initial aflatoxin concentration, ¢

the roasting time and & represents the aflatoxin inactivation rate.
2.5.2 Modeling aflatoxin degradation kinetics in peanut roasting as affected by temperature

For non log-linear kinetics, log linear + tail model (equation 2) described by Geeraerd et al
(2000) was used to determine the degradation kinetic of aflatoxin at 160°C

()
dC

—= —k.C
dt

where k = Kpmax - (1 _%)

with C as the final concentration of aflatoxin, Cres the residual concentration, k max the

maximum specific inactivation rate and ¢ the roasting time.

Weibull model (equation 3) described by Mafart et al. (2002) was used to determine the

degradation kinetic of aflatoxin at 180°C (3)

o810 75 =~ 5)
%100 T s
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where C represents the final concentration of aflatoxin, CO the initial aflatoxin concentration, ¢
the roasting time, & (time of first decimal reduction) whose significance is restricted to the

treatment time for the first decimal reduction, and p represents the shape parameter.

Double weibull, described by Coroller et al. (2006) was used to determine the degradation

kinetic of aflatoxin at for 200°C (equation 4).
(4)

Co (£ f a _('Lp}
C{t) =———|10 ‘sv + 10 ‘ez
© 1+10=
where C represents the final concentration of aflatoxin, CO the initial aflatoxin concentration, ¢
the roasting time, subscripts 1 and 2 indicate the two different resistance profiles in which 1 is

more sensitive to roasting than 2 (61<62), a is the fraction portion 1 represents from the total

and p represents the shape parameter.

2.6. Aflatoxin analysis
The aflatoxin analysis was carried out according to Stroka et al. (2000) with modifications, as

follows.

Clean-up

Twenty-five grams of ground peanuts were added to 2.5g of NaCl and extracted with
100mL of methanol: water solution (8:2, v/v) for 30 min at high speed (10,000 rpm) using a
horizontal shaker (New Brunswick Scientific Company, New Brunswick, USA) The solution
was filtered through quantitative filter paper (Nalgon, Germany), followed by glass microfiber
filter (Vicam, USA). Then, 4 ml of the filtrate was diluted in 60 mL phosphate buffered saline
(pH 7.0) and applied to an immunoafinity column (Aflatest WB Vicam, USA) at a flow rate of
2-3 mL/min. The column was then washed with 30 mL of distilled water and aflatoxins eluted

with 1,250 pl of methanol and 1,750 ul of Milli Q water.
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Chromatographic conditions
An Agilent 1260 infinity HPLC system (Agilent, EUA) was used with fluorescence detection at
362nm excitation and 455nm emission, C18 column, isocratic system and reverse phase. The
system was associated with a Kobracell electrochemical reactor (R-Biopharm, Germany)
connected to a current of 100pA for post-column derivatization of aflatoxins B1 and G1. The
mobile phase was water: acetonitrile: methanol (6: 2: 3, v/ v/ v), with 119 mg of KBr and 350
pL of 4M nitric acid per liter at a flow rate of 1 ml / min. The injection volume was 20uL. and

the LOD and LOQ was 0.05 and 0.17 pg/kg respectively.

2.7. Color analysis

Samples were ground and the three color reflectance values, CIELAB Lxab, were measured in
duplicate at ambient temperature using a Konica Minolta CM-5 spectrophotometer (Konica
Minolta, Chiyoda, Japan). A reflectance specular method was used with a 3 cm area view,
illuminant D65 and 10° standard observer angle. Two samples of roasted peanut were
purchased in the market to be used as standard and to compare the color with the peanuts

roasted in this work. The color results were compared by Tukey test (p<0,05).

3. Results

In order to verify the initial concentration effect on aflatoxin degradation kinetics,
samples with different initial concentrations (702, 346, 175 and 35ug/kg) were roasted at 180
°C for 5, 10, 15 and 20 minutes. For all these different initial concentrations, the degradation
kinetics was log-linear and was fitted at Bigelow model. The aflatoxin inactivation rate (k) was
calculated and it was 0.08+0.01 log pg/kg/min for 702pg/kg (R?=0.9821), 0.06+0.02 log

pg/kg/min for 346 pg/kg (R?=0.7543), 0.04+0.01 log pg/kg/min for 175 pg/kg (R?=0.8830) and
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0.04£0.01 pg/kg/min for 35 pg/kg (R?=0.9455).The results showed that after 20 min of roasting
the higher the initial aflatoxin concentration, the greater the reduction percentage. For instance,
an initial concentration of aflatoxin of 702ug/kg resulted in 74% reduction while initial
concentration of 35ug/kg, obtained a reduction of 54 %. Initial concentration values of aflatoxin
and aflatoxin inactivation rate showed a linear correlation (Figure 1). The percentage of
reduction and root squared of initial concentration also presented a linear correlation (Figure 2).
The average value of aflatoxin concentration in the raw peanut used for roasting was
determined from 12 assays and was 84.77£52.39 ug/kg. Results of aflatoxin concentration,
percentage of reduction in aflatoxin content and color analysis for each time and temperature are
depicted in Table 2. After 25 min at 160, 180 and 200°C aflatoxin content reduction were 61.6,
83.6 and 89.7 %, respectively. Aflatoxin content reduction after 25 min of roasting at 160°C
presented a non log-linear kinetic and Geereard model was fitted to the data (figure 3). The
kmax parameter was 0.1320.08 (R?=0.87). At 180°C the weibull model (Figure 4) was used to
fit the data and & and p values of 44.58+14 and 0.7+0.27, respectively were found (R’=0.92).
For the determination of the degradation kinetics of aflatoxin at 200°C, the Double Weibull
presented the best fit (Figure 5). The kinetics at 200°C showed two profiles of aflatoxin
reduction, a shoulder from 0 to 10 minutes and a linear degradation from 10 to 25 minutes.
Considering these profiles, this model gives two delta values: §; 8.23+£0.27 min and 9,
73.61£19.80. Alfa (o) and p parameters were 0.82+0.03 and 2.92+0.22 respectively (R*=0.99).
Peanut color after roasting was analyzed (Figure 6) using the CIELAB method. The L*
values decreased with increasing roasting time for all temperatures studied. L* values for
temperatures at 160, 180 and 200°C from 5 to 25 min of roasting ranged from 69.21 to 63.2,
60.79 to 48.41 and 57.53 to 39.29, respectively. The a* value increased with roasting times at
160 and 180°C, ranging from 3.66 to 11.01 and 9.14 to 12.98 respectively but for 200°C there

was a decrease from 13.15 to 7.44. For b* values, at 160°C an increase was observed from
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24.06 to 28.3 and for 180 and 200°C the values decreased from 29.96 to 19.2 and 27.04 to 7.36,

respectively.

4. Discussion

Natural production of aflatoxins by Aspergillus section Flavi does not occur
homogeneously, since only a few kernels are contaminated and those can have high levels of
contamination (Whitaker, 2003; Whitaker & Wiser, 1969). As such, this is a cause of
uncertainty in the measurement and determination of the contamination level in the samples
used in the experiment. Irregular aflatoxin production in kernels has been reported not only in
peanuts (Cucullu et al., 1966), but also in different foodstuffs such as Brazil nuts and pistachios
(Steiner et al., 1992).

A preliminary study was performed to verify the initial concentration of aflatoxin effect
on degradation kinetics (Table 1). Although aflatoxin inactivation rate at 180° have presented
close values between thel concentrations 35, 175 and 346ug/kg (0,04, 0,04 and 0,06 log
pg/kg/min, respectively), the influence of aflatoxin initial concentration is evident when the
inactivation rate at 35ug/kg and 702ug/kg (0,04 and 0,08 log pug/kg/min) are compared. These
results indicate that the higher the initial concentration, the greater the inactivation of aflatoxin
rate (Figure 1). To investigate the relationship between the percentage of reduction and the
initial concentration of the toxin, the concentration values were passed to logarithm and natural
logarithm, though only showed linearity when the square root was taken (Figure 2). Therefore,
the square root of the initial concentration was plotted with the percentage of reduction, and
there was a linear relationship. Although the square root is not normally used in such cases, this
mathematical feature allowed the linearization and better understanding of the results.

Besides roasting time and temperature, other factors, such as moisture content and food
matrix could affect experimental results of toxin degradation (Scott, 1984). The variability in

aflatoxin degradation in different matrix submitted to similar heat treatments can indicate a
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protective effect by aflatoxin binding or association with proteins or other food constituents
(Samarajeewa et al., 1990). This could explain the lower aflatoxin inactivation rate for low
initial concentrations, since the majority of aflatoxin present in this sample may be bound to a
component, hindering its degradation. On the other hand, samples with high initial
concentration may present a portion of the aflatoxin bound to components of the matrix, while
others are more exposed, facilitating their degradation and generating a high aflatoxin
inactivation rate. The linear correlation between initial concentration values and aflatoxin
inactivation rate allows prediction of reduction rate for roasting at 180°C and initial
concentration values among the ones studied. It is important to consider that the D value (time
needed to reduce 90% of initial aflatoxin concentration) could have been calculated considering
the inverse of aflatoxin inactivation rate, however, in this study, the interval of time has not
presented a reduction higher than 90% of the initial concentration. Therefore, the aflatoxin
reduction rate can only be assumed as a value D considering the first log reduction, since it is
not known if the behavior of reduction remains linear. Another study worked with different
concentrations under the same conditions of roasting, and obtained variations in the percentage
of aflatoxin B1 reduction, however, no correlation between the initial concentration of the toxin
and the percentage ratio was found (Pluyer et al., 1987). This result differs from those found in
our study, which allowed observing the interference and correlation between the initial
concentration and the percentage reduction.

After the preliminary analyses of different initial concentration, the following
experiments was conducted with fixed initial concentration (84.8 pg/kg) and same roasting time
(5, 10, 15, 20 and 25 min), thus, the influence of temperature could be assessed (Table 2). The
percentage of aflatoxin reduction was higher at 200°C (89.7%) than at 180°C (86.3%) which
was higher than 160°C that had 61.6%, proving the importance of temperature in this process.
The aflatoxin reduction by heating has been studied through different methods of roasting

(microwave, oven, oil and electric heating), in different time and temperature. Pluyer et al.
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(1987) studied the effects of oven (150°C for 30 min) and microwave (8.5 min at 0.7kW)
roasting on different natural and artificial aflatoxin content in peanuts. For artificially
contaminated, oven and microwave roasting showed similar aflatoxin B, reduction (30 — 45%).
On the other hand, samples naturally contaminated resulted in aflatoxin B, reduction of 48-61%
for both oven and microwave roasting. Luter et al. (1982) estimated aflatoxin reduction through
microwave roasting and found a minimum reduction of 20.8% total aflatoxin at 140°C for 4.5
min. A maximum aflatoxin reduction of 100% at 137°C for 20 min and 185°C for 7 min, but
both temperature and time conditions resulted in excessively dark peanut. Mann et al. (1967)
after 2 hour roasting at 100°C and 30% of moisture, reduced aflatoxin content from 111 to 73
ppb (34%). The average of all results in oil and dry roasting with four different levels of
aflatoxin (2200, 960, 90 and 50 ppb for aflatoxin B; and 4100, 1600, 150 and 80 ppb for
aflatoxin G,) were 64.5% (B;) 61.5% (Gy), 68.8% (B;) and 66.8% (G,) respectively (Lee et al.,
1969). A recent study applied a response surface methodology to evaluate the effect of initial
aflatoxin concentration, roasting time and temperature on aflatoxin reduction (Arzandeh &
Jinap, 2011). For artificially contaminated samples, the maximum aflatoxin B; and B, reduction
was 78.4 and 57.3% respectively, while for naturally contaminated samples was 80.2% for
aflatoxin B, and 69.7% for B..

The roasted peanut color is usually considered a control parameter since it is related to
flavor development (Smyth et al., 1998). Color analysis allowed the comparison between
standard peanut roasting and the samples from different roasting time and temperature. The L*
values defines lightness ranging from 0 (black) to 100 (white), a* describes red (for positive
values) and green (for negative values) and b* describes yellow (for positive values) and blue
(for negative values). Although standard L* values ranged from 68.4 to 71.61, only roasting at
160°C for 5 minutes presented a statistically similar L* value compared to the standard sample
analyzed. Under these conditions, only 15% of initial aflatoxin concentration was reduced.

Pattee et al. (1991) indicate that the peanut samples should be roasted up to the L* parameter
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values of 58 to 59 when the optimum roasted peanut attribute is of primary interest. Further, L*
values near to 58 and 59, such as 60.23 when roasted at 160°C for 20 minutes and 57.51 at

200°C for 5 minutes lead to an aflatoxin reduction of 54.9 and 45.1% respectively.

5. Conclusion

Aflatoxin degradation during peanut roasting process varies with the initial concentration of the
toxin in food, time and temperature process. The roasting process gives the food color and
flavor characteristics. The determination of the optimal time and temperature conditions for
obtaining these parameters is important for industry. In the present study, the roasted peanuts at
different times and temperatures, showed a variation in color and concentration of aflatoxin.
The roasting conditions that resulted in a peanut color close to the standard of roasted peanut
had aflatoxin reduction percentage of 15% (160 ° C / 5 min), and when compared to the
literature, 45.1% (200 ° C / 5 min) and 54.9% (160 ° C / 20min). This work provides data that
can be used by producers as it provides both a sensory evaluation in addition to aflatoxins

degradation, being differential in work of the area, assessing only the degradation.
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Table 1. Aflatoxin initial concentration and respective aflatoxin inactivation rate (k) and % of

reduction obtained after roasting at 180°C for up to 20 minutes.

Initial Concentration (ug/kg) R? K max (log pg/kg/min) % of reduction

702 0.9821 0.08+0.01 74.5
346 0.7543 0.06+0.02 64.24
175 0.8830 0.04+0.01 56.13
35 0.9455 0.04+0.01 54.71
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Figure 1.Influence of aflatoxin initial concentration on the aflatoxin inactivation rate (k) at

180°C
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Table 2. Temperature and time conditions of roasting, aflatoxin concentration, aflatoxin loss and

color analysis in peanuts

Roasting condit%ons . Aflatoxin (ug/ke) Aﬂatgxin Color analysis**
Temperature (°C) Time (min) degradation (%) L* a* b*
Raw Peanut - 84.8+52.4 - - - -
160 5 71.5+50.2 15.7 69.21+0.57°  3.66+0.04' 24.06+0.08"
10 41.9+4.9 50.6 64.0£0.09°  6.82+0.02" 27.81+0.06™
15 36.2+29.7 574 61.50+0.33% 8.26+0.02" 28.42+0.48"
20 38.2+0.3 54.9 60.23+1.20° 9.08+0.20° 27.55+0.55
25 32.6+9.9 61.6 63.2+0.02°  11.01+0.13¢ 28.3+0.11°
180 5 51.3+32.9 39.5 60.79+0.07° 9.14+0.09° 29.96+0.43"
10 26.6+13.8 68.6 54.08+0.16% 12.36+0.08" 29.68+0.08"
15 32.2+14.3 62.0 52.06+0.70" 12.9+0.00° 25.69+0.43°
20 21.1+2.4 75.1 51.21+1.04" 12.92+0.09* 23.76+0.43"
25 13.9+2.7 83.6 48.41+0.08' 12.98+0.08" 19.2+0.07¢
200 5 46.62.1 45.1 57.53+0.03" 13.15+0.01* 27.04+0.13
10 10.7+1.9 87.4 46.94+0.04' 12.44+0.06" 17.27+0.04"
15 9.5+0.1 88.8 44.1240.02  10.86+0.09° 13.65+0.08'
20 8.8+0.4 89.7 41.98+0.17" 9.71+0.03* 10.74+0.08’
25 8.7+0.0 89.7 39.29+0.06™ 7.44+0.12¢  7.36+0.01'

**Different letter in the same column represents statistically significant difference (p<0.05)



77

Figure 3. Aflatoxin degradation during roasting at 160°C fitted using Geereard model
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Figure 4. Aflatoxin degradation during roasting at 180°C fitted using Weibull model
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Figure 5. Aflatoxin degradation during roasting at 200°C fitted using Double Weibull model
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Figure 6. Peanut color as affected by time and temperature of roasting
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Abstract

A deterministic and probabilistic approach was used to estimate the intake of total aflatoxin
from raw and roasted peanuts through aflatoxin concentration and peanut consumption in
different States of Brazil from 2005 to 2013. The cancer risk and Margin of Exposure (MOE)
were also calculated. The average value of peanut consumption in Brazil was 2.41g per person
day™'. From total samples analyzed (1,727), aflatoxin contamination was present only in 33% of
samples (575 samples), in which almost 42% reached contamination levels above the maximum
level allowed in Brazil (20pg/kg). The intake of aflatoxin using a deterministic and probabilistic
approach ranged from 0.76 — 7.491ng/kg bw day and 0.04-10.23ng/kg bw day, respectively.
The deterministic and probabilistic cancer risk approach ranged from 0.001 — 0.76 cancer year™
per 10° individuals and 0.0004-0.102 cancer year” per 10’ individuals respectively. The MOE
ranged from 22.7 - 2,112.23 and 16.6 — 4,694.6 for the deterministic and probabilistic approach,
respectively. The age group of <1 to 19 years old and female gender proved to be the most
exposed to the toxin due to the smaller body weight when compared to the male gender, and the
age group of >20 years-old. The probabilistic approach enabled a better exposure frame
visualization of the population exposure to aflatoxin with a range of 90% confidence on the data
obtained. Better monitoring of consumption and the use of recent peanut contamination data by

aflatoxins would improve assessment of exposure from this toxin to the Brazilian population.
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1. Introduction

Aflatoxins are secondary metabolites mainly produced by Aspergillus flavus and A. parasiticus.
The main aflatoxins found in foods are aflatoxin B1, B2, G1 and G2; the letters refer to the
color of their fluorescence under ultraviolet light (B for blue and G for green) (Klich, 2007).
Exposure to aflatoxins can cause acute or chronic poisoning although acute cases are rare.
Chronic exposure to aflatoxins appears to be more critical, since besides immunosuppressive
action it can lead to liver cirrhosis (ICMSF, 2002), being considered by the International
Agency for Research on Cancer (IARC) as a mycotoxin belonging to group 1, i.e., compounds
carcinogenic to humans (IARC, 2002). The negative effects of aflatoxins to human can be
exacerbated due to its synergistic action with other substances or agents. For example, it is
known that aflatoxin is approximately 30 times more potent in the presence of the surface
antigen of hepatitis B than in people who do not have this antigen. Therefore, aflatoxins and the
hepatitis B virus present synergistic action for the development of cancer. As a result, the risk of
cancer in patients with hepatitis B is increased from 5 to 60 when the infection is associated
with exposure to aflatoxins (Williams et al., 2004).

What regards to aflatoxin exposure by humans, it is known that peanuts comprise the
one of the major sources of this mycotoxin in human diet. Peanut underground growth
characteristics make this crop susceptible to fungi contamination and subsequent production of
mycotoxins, especially aflatoxins, due to Aspergillus flavus and Aspergillus parasiticus (Horn,
2003). The control of aflatoxin production in peanuts is not an easy task. Drought stress and
high temperatures during peanut production can induce aflatoxins production before the peanuts
are harvested, making it difficult to control once the toxin has already been formed and its
removal does not occur effectively during peanut processing (ICMSF, 2002).

Due to their toxicity, several countries have established limits for aflatoxins in peanuts
and other foods. The Commission of the European Communities, established a maximum level
of 15 pug/kg for total aflatoxins in peanuts to be subjected to sorting, or other physical treatment,

before human consumption or use as an ingredient in foodstuffs, and 4 pg/kg for peanuts
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processed and ready to eat (EC, 2006). The Codex Alimentarius, as the commission of the
European communities, established 15 pg/kg as maximum level of aflatoxin in peanuts intended
for further processing (Codex, 2009). The Brazilian Health Surveillance Agency (ANVISA)
established limits of 20 pg/kg for total aflatoxins in peanuts (Brazil, 2011).

Studies conducted by Oliveira et al. (2009), Andrade et al. (2012) and Magrine et al.
(2011) investigated the intake of aflatoxins in peanut consumption highlighting that the
exposure to this mycotoxin comprises a risk to public health. Despite their important findings,
these results were obtained through a deterministic approach, in which a limited information,
since working with average values, is provided, not allowing a more realistic assessment of the
population exposure. A more specific analysis, such as probabilistic approach, should be used to
further characterize this intake, giving a more realistic foundation that will enable decision
making for risk managers. Thus, the aim of this study was to evaluate the exposure of aflatoxins
through peanut consumption in Brazil at different age groups, using a deterministic approach

followed by a probabilistic approach to better characterize the risk.

2. Materials and Methods

2.1. Consumption data

Peanut consumption data were obtained from an N&P Consultants survey
conducted in 2007/2008 using the methodology of food balance sheets (FBS), available at the
Brazilian Chocolate, Cocoa, Peanuts, Candies and Byproducts Industry Association (ABICAB).
Consumption data from the main regions of Brazil were available but consumption from North
region were not, since there was no monitoring in that area. Values of per capita consumption
took into account a population of 171.1 million Brazilian citizens in 2007 (ABICAB, 2015). The
peanut consumption data in different age group are not available in Brazil. Even so, the chronic
dietary intake was estimated by age group, taking into account body weight in different age

groups available in a survey conducted by the Brazilian Institute of Geography and Statistics
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(IBGE) from 2008 to 2009 (IBGE, 2011). The population studied was divided into age-gender
groups: <1 to 19 years-old, representing childhood and adolescence, and >20 years-old,

representing adults and elderly.

2.2. Aflatoxin occurrence

Data of peanut contamination with aflatoxin were obtained from the Global
Environment Monitoring System/Food Contamination Monitoring and Assessment Program
(GEMS/Food) database. The research was carried out considering total aflatoxin (AFB;, AFB,,
AFG, and AFG,), sampling period from 2005 to 2013 (the last data available) and only data
from Brazil (WHO, 2015). Aflatoxin contamination data were separated by years (2005/2006;
2007/2008; 2009/2010 and 2011 to 2013) and in raw and roasted peanuts. The data reported as
not detected (ND) for aflatoxins were treated using four different cases: Case 1, data were
replaced by limit of detection (LOD) value (upper bound); Case 2, data were replaced by LOD/2
value (medium bound); Case 3, data were replaced by zero (lower bound); Case 4, data were
replaced by a uniform distribution with minimum value as zero and the maximum value as LOD
(EFSA, 2010; Baert et al., 2007) . The cases 1, 2 and 3 were used for deterministic approach

while cases 1,2,3 and 4 for probabilistic.

2.3. Assessment of aflatoxin exposure

Deterministic and probabilistic approaches were used to evaluate aflatoxin
exposure through peanut consumption. For the deterministic approach the mean values of
aflatoxin concentration in peanuts, peanut consumption and body weight were used. For the
probabilistic approach, a normal distribution was used to fit the peanut consumption data.
Concentration of aflatoxins in peanuts was calculated by exponential distribution and body
weight by discrete distribution.

The chronic aflatoxin intake was estimated by the ratio between consumption data

(g/day) multiplied by aflatoxin concentration in peanuts (ng/g) and body weight (kg). The same
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equation was used for the determinist and probabilistic calculations (equation 1) (FAO/WHO,

2005)

.. ng
Aflatoxin intake [—J =
kg bw.day. (1)
concentration o f aflatoxin in peanuts [H] HXpeanut consumption [i
g day

bodyweight[kg]

For the probabilistic approach, aflatoxin intake was simulated using Monte Carlo
simulation, with @Risk 5.7 for excel (Palisade corporation, NY, EUA). The simulation was

carried out with 10,000 iterations, enough to converge the model.

2.4 Cancer risk estimation

The FAO/WHO Expert Committee on Food Additives (JECFA) estimated
aflatoxin carcinogenic potencies (P estimated) divided into two groups: potency in individuals
without hepatitis B infection (P HBsAg =0.01 cancers year” per 100, 000 individuals) and in
individuals with chronic hepatitis B infection (PHBsAg" = 0.3 cancers year' per 100,000
individuals). The percentage of the population with (HBsAg") and without (HBsAg) hepatitis B
infection was also considered. According to the Brazilian Ministry of Health (2010), the
prevalences of HBsAg" in Brazil are 0.055% for those from 10 to 19 years old and 0.60% for
those from 20 to 69. The potency was estimated according to equation 2 (WHO, 1999). The
cancer risk was calculated considering the aflatoxin carcinogenic potency obtained in equation 2

multiplied by aflatoxin intake, as illustrated in equation 3 (WHO, 1999).

P estimated = [PHBsAg*x % pop HBsAg*] + [PHBsAg™ x % popHBsAg~] (2)

Cancer risk = P estimated x Aflatoxin intake (3)
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2.5 Margin of exposure (MOE)

The margin of exposure approach was calculated through the ratio between a defined
point on the dose-response curve for the adverse effect and the aflatoxin intake (EFSA, 2005).
The point on the dose-response curve used in this study was the lower bound value of a
benchmark dose level from a cancer incidence of 10% in rodents (BMDL10). A BMDL10 of
0.17 mg kg™ bw day™ was estimated by EFSA (2007) based on a study involving aflatoxin B1
administration at a range of dietary doses to male Fischer rats. A MOE value of 10,000 or

higher would indicate low concern from the public health point of view.

3. Results
Consumption data

For probabilistic approach, peanut consumption data in the main States and regions
of Brazil have been adjusted to a normal distribution (Figure 1). The average was used for
deterministic approach. The peanut consumption ranged from 1.10 to 2.96g per person day "'
from Sdo Paulo State and Northeast region, respectively, and the average value of peanut
consumption in Brazil was 2.41g per person day”'. The discrete distribution of body weight in
the age group of <1 to 19 years old was 36.8 kg for male and 32 kg for female, and for the age

group of >20 years old was 72.7 kg for male and 60.3 kg for female.
Aflatoxin occurrence

A total of 1,727 aflatoxin occurrence data in raw and roasted peanut were available
at GEMS/Food data base from 2005 to 2013. The distribution of aflatoxin occurrence in years
and divided in raw and roasted peanut is shown in Table 1. From total samples analyzed,
aflatoxin contamination was present only in 33% of samples (575 samples), in which almost
42% reached contamination levels above the maximum level allowed in Brazil (20ug/kg). The

mean lower and upper bound values of aflatoxins in raw peanuts ranged from 34.38-34.89 to
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18.44-18.91 pg/kg and for roasted peanuts, aflatoxin concentration ranged from 98.67-99.05 to
2.42-3.64 png/kg in 2005-2006 and 2011-2012-2013 respectively. Figure 2 shows the aflatoxin
contamination in the period analyzed. For deterministic analysis, the left censured aflatoxin data

were not treated as case 4 since it is a uniform distribution and only mean values were used.
Assessment of aflatoxin exposure
Deterministic approach

Aflatoxin intake through consumption of raw and roasted peanuts, cancer risk and
MOE determined by a deterministic approach are shown in Table 2. In general, aflatoxin intake
through both raw and roasted peanut consumption was higher in the age group of <1 to 19
years-old, and female gender. The highest aflatoxin intake through raw peanut consumption was
observed in 2007-2008. The upper and lower bound range in these years were from 2.81-2.74
ng/kg bw day for female <1 to 19 years-old. The highest aflatoxin intake through roasted peanut
consumption was observed in 2005-2006. The upper and lower bound range in these years from
7.48-7.45ng/kg bw day for female <1 to 19 years-old. The lowest aflatoxin intake through raw
and roasted peanut consumption was observed in 2011-2012-2013 and 2009-2010 respectively.
The upper and lower bound intake in raw peanut ranged from 0.63-0.61ng/kg bw day for male
>20 years-old and for roasted peanut there was no aflatoxin exposure since none of the samples
analyzed showed aflatoxin contamination.

The prevalence of hepatitis B virus in Brazil for 10 to 19 years old (0.055%)
and for 20 to 69 years-old (0.60%) was considered in this study to evaluate the cancer risk to the
two age groups studied (Ministry of Health, 2010). As observed in the intake results, the highest
risk of cancer through raw peanut consumption was observed in 2007-2008 in females from <1
to 19 years-old group with upper and lower bound ranging from 0.029 to 0.028 cancer year™' per
10 individuals. For risk of cancer through roasted peanut consumption, the highest value was

observed in 2005-2006 in female from <1 to 19 years-old group with 0.06 cancer year™ per 10°
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individuals, while in 2009-2010, the absence of aflatoxin contamination in peanuts roasted
highlights the lack of risk of cancer in these years.

As the MOE value is also dependent on aflatoxin intake by peanut consumption,
the lower the intake, the greater its value. The lowest value was observed in 2005-2006 for
roasted peanuts in the female <1-19year old group (22.7) and in 2007-2008 for raw peanut in
the same group with 60.53.

The highest MOE value was 2112.3 for roasted peanut in 2011-2012-2013 years in

the male 20 to 69 year old group and for raw peanut was 331.9 from 2009-2010 in the same

group.

Probabilistic approach

The mean values, 5™ and 95" percentile of aflatoxin intake, cancer risk and MOE
resulted from a Monte Carlo simulation with 10,000 interactions are shown in Tables 3 and 4
for male results and Tables 5 and 6 for female results. The mean values observed from the
probabilistic approach were higher than those observed through the deterministic approach.

The female population belonging to <Ito 19 years-old showed the highest mean
aflatoxin intake for raw peanuts of 3.87 ng/kg bw day which ranged from 0.11 (5" percentile)
to 14.39 ng/kg bw day (95" percentile) when left censured data were treated as case 4 in 2007-
2008. For the age group of >20 years-old group in the same period, the highest mean value was
1.47 ng/kg bw day and ranged from 0.06 (5" percentile) to 4.69 ng/kg bw day (95" percentile)
when left censured data were treated as case 2. For females belonging to both age groups, the
lowest value observed was in 2009-2010, for censured data treated in case 3 (lower bound) and
showed mean value of 1.57 ng/kg bw day, ranging from 0.05 (5" percentile) to 5.71 ng/kg bw
day (95" percentile) for <Ito 19 years old and 0.61 ng/kg bw day, ranging from 0.03 (5"
percentile) to 1.93 ng/kg bw day (95" percentile) for >20 years-old. For roasted peanuts, the

period with higher intake was 2005-2006 for females in both age groups with means and 5"-95"
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ranges of 10.22 ng/kg bw day (0.18-36.80 ng/kg bw day) and 3.89 ng/kg bw day (0.06-12.52
ng/kg bw day) for to <1to 19 years-old and >20 years-old respectively.

The higher exposure for males at <Ito 19 years-old and 20 to older group was
observed in 2007-2008 for raw peanuts and in 2005-2006 for roasted peanuts and mean (5"-
95™) values ranged from 3.40 ng/kg bw day (0.10-12.29) for raw peanuts and the first age group
to 1.22 ng/kg bw day (0.05-3.91) for the second, while for roasted peanuts was from 8.76 ng/kg
bw day (0.15-32) to 3.23 ng/kg bw day (0.05-10.40). Lowest values for raw peanut were found
in 2009-2010 with mean values and 5" -95" percentile ranging from 1.39 ng/kg bw day (0.04-
5.10) for <1-19 years old to 0.51 ng/kg bw day (0.02-1.61) for >20 years-old. As roasted peanut
samples from 2009-2010 had no aflatoxin contamination, this period presented no intake
through this peanut consumption for both gender and age groups.

The mean value observed for the risk of cancer through consumption of roasted
peanuts ranged from 0.001 cancer year” per 10° individuals (0.000-0.003) for males from >20
year-old group from 2011-2013, to 0.104 cancer year" per 10’ individuals (0.002-0.374), in
2005-2006 by females from <1 to 19 years old group.

The MOE 5" percentile results showed values above 10,000 in both gender and age
groups for roasted peanuts, when left censured data were treated as case 3 (lower bound), from
2007-2008 and 2011-2012-2013 years, ranging from 21,152 for females 1 to 19 years old to

83,307 for males from >20years-old group.

4. Discussion

Consumption data used in this study ranged from 2.10 to 2.96 g per person day’,
averaging 2.41g per person day'. Three methodologies are usually used to estimate food
consumption: food balance sheets (FBS), household budget survey data (HBS) and individual
dietary surveys (IDS). The FBS approach take into account the supply (food production, import,
export, decrease in stock and others) during a reference time divided by the total population to

estimate the per caput supply available for human consumption (FAO, 2001). The GEMS/Food
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consumption data uses this method and for cluster K to which Brazil is inserted, the
consumption is 0.9 g per day for shelled peanut and 1.3g per day for peanut in shell, with a total
of 2.1g per day if considered both together, indicating an average value similar to those used in
this work (WHO, 2007). The main drawbacks of this method comprise the fact that it is a
country estimate approach, so food consumption data on households and individuals are not
available and since it takes into account the food supply, it only considers raw and semi-
processed commodities, and the home production practice is not taken into account (Héraud et
al., 2013). The HBS collect data of food purchased in each household, which is not necessarily
the amount consumed (Serra-Majen et al., 2003). This methodology was used by Andrade et al
(2012) to access aflatoxins in food products consumed in Brazil, and for peanut consumption by
total population and for high consumers the consumption was 0.04g and 21.35g per day,
respectively. IDS is the approach which reports most closely food consumption data compared
with the other two analyzed. To collect this data, record methodology that takes into account
current intake, or recall methodology, that reflects past consumption can be used. Magrine et al
(2011) applied a questionnaire of frequency and amount of consumption of peanut products to a
total of 384 individuals interviewed in Parand state, Brazil and the consumption averaged 6.7 g
per day. It is noteworthy that the methodology used can influence the outcome, generating a
wide variation of the data obtained, therefore, each individual case must be taken into account.
The concentration of aflatoxins throughout the years analyzed showed a decrease which may be
related to the development of programs such as Pro-peanut which aims to ensure the quality of
peanuts through all the production chain (ABICAB, 2015) as well as the compliance with the
requirements from ministry of agriculture (Brazil, 2009) and Brazilian Health Surveillance
Agency (Brazil, 2011).

The mean values of aflatoxin intake observed in the deterministic approach were lower
than those observed in the probabilistic; however, they were within the 90% confidence interval
delimited by the values of 5" and 95" percentile. The implementation of the deterministic model

is relatively simple, using a single point estimate for each variable. Nevertheless, this model has



89

limited information and subsequent interpretation of results of the exposure. It should be used as
a screening step to check if the hazard present in the studied food offers risk to human health
(FAO, 2005). In this study the intake results, risk of cancer and MOE observed in the
deterministic analysis justify the use of a more elaborate method as probabilistic analysis to
obtain more realistic results of population exposure to aflatoxins due to peanut consumption.

Most assessments of aflatoxin exposure developed in Brazil and other countries use the
deterministic approach. Magrine et al., (2011) studied the intake of aflatoxins through
consumption of peanuts products by the Parand State (Brazil) population. The average of
aflatoxin B, intake was 0.6 and 10 ng kg’ bw day' for medium and high consumption
respectively. Andrade et al. (2012) studied aflatoxin intake in a range of food products in Brazil.
The lower and upper bound of aflatoxin intake through peanut consumption was 0.004 and 0.01
ng kg™ bw day™ for total population and 2.3 and 4.1 ng kg™' bw day™". This paper also estimated
cancer risk of 0.0731-0.0753 and 0.1794-0.3056 and MOE of 25.8-25 and 10.4-6.2 for total
population and high consumers, respectively. Oliveira et al. (2009) found an aflatoxin intake of
0.23 ng kg bw day™. These values reported by these studies are similar to those observed in
our study. However, none of those studied the aflatoxin intake in different age groups since the
consumption of peanuts by children and adolescents was not available. Thus, the intake was
estimated taking into account different body weight for each age group. This approach may lead
to an overestimated aflatoxin intake, but it can be useful to draw attention to the risk of
exposure.

Ding et al. (2012) through a probabilistic expert analysis of aflatoxin exposure in raw
peanuts in China, considered the consumption in the two age groups, children and adults, and as
well as in our work, observed a higher exposure in the first age group. For children from a high-
consumption area, the mean and 97" percentile was 3.28-3.33 ng kg bw day"' and 17.1 ng kg
bw day”, respectively, whereas for adults it ranged from 1.25-1.27 to 6.55 ng kg bw day™.
Another probabilistic approach was conducted by Sugita-Konishi et al. (2010) and divided the

population in age groups to evaluate exposure of aflatoxin in a range of food products. The 95"
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percentile of estimated intake for age group from 1-6 years old was higher than in more than 20
years old (0.014 ng kg bw day™ and 0.003 ng kg bw day’1, respectively). Since children have
more future years of life when compared to adults, their time of exposure and to develop a
chronic disease is higher. Besides, this age group presents a less developed metabolism and
rates of cell production, change and higher growth (Sherif et al., 2009).

The cancer risk was higher than that observed by Sugita-Konishi et al. (2010), which
found a 95" percentile of 0.00004 and 0.00005 cancer year" per 10’ individuals for lower and
upper bound respectively in the Japanese population, and closely to that observed by Ding et al.
(2012) that found 0.003 and 0.17 cancer year' per 10’ individuals for mean and 97.5" percentile
respectively. Andrade et al. (2012) calculated the cancer risk considering all food products
studied and found a cancer risk of 0.073-0.075 cancer year' per 10° individuals for total
population and 0.18-0.31 cancer year" per 10’ individuals for high consumers. The MOE values
obtained from the deterministic approach was lower than 10,000 while some 5™ percentile in the
probabilistic approach from 2007-2008 and 2011-2012-2013 years showed higher values. The
Scientific Committee of the European Food Safety Authority (EFSA) agree that values of
10,000 or higher observed in a MOE that used a BMDL10 from an animal study indicates a low
concern for public health. However, this judgment and decision is a risk manager’s

responsibility (EFSA, 2005).

5. Conclusion

In conclusion, the exposure of aflatoxins through peanut consumption is still a concern,
although the latest data on peanut aflatoxin contamination has shown a decline, which indicates
a lower exposure. The age group of <1 to 19 years old and female gender proved to be the most
exposed to the toxin due to the smaller body weight when compared to the male gender, and the
age group of >20 years-old. The probabilistic approach enabled a better exposure frame

visualization of the population exposure to aflatoxin with a range of 90% confidence on the data
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obtained. Better monitoring of consumption and recent peanut contamination data by aflatoxins

would improve assessment of exposure from this toxin to the Brazilian population.
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Capitulo 3

Exposure assessment of aflatoxins by peanuts
consumption in Brazil, a deterministic and

probabilistic approach

(Tables and figures)

Artigo formatado de acordo com as normas de submissao da
revista “Journal of Exposure Science and Environmental
Epidemiology”



Figure 1. Normal distribution of peanut consumption data.
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Table 1. Aflatoxin contamination in raw and roasted peanut samples in different years

Year Peanut N° samples Positive samples (%) Samples >20ug/kg Range (ug/kg)
0052006 poles 2 2007 0 26759509
2007-2008 RoRz?sYed 39149 92 %1 ) 721 ()5%52-197266.5841
2009-2010 R(l){;\;ved 5401() 183 0(37) 409 0.12-1'15(32.03

ooy R R

Total 1727 575 (33) 240 nd-2,483.9

n.d = non detectable
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Figure 2. Upper and Lower bound of aflatoxin contamination in different years
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Table 2. Aflatoxin intake through peanut consumption, cancer risk and MOE determinate by a deterministic approach

100

2005-2006
Intake
Cancer Risk
MOE
2007-2008
Intake
Cancer Risk
MOE
2009-2010
Intake
Cancer Risk
MOE
2011-2012-2013
Intake
Cancer Risk
MOE

Male Female
<1-19years-old >20 years-old <1-19years-old >20 years-old
Raw Peanut Roasted Peanut Raw Peanut Roasted Peanut Raw Peanut Roasted Peanut Raw Peanut Roasted Peanut
UB MB LB UB MB LB UB MB LB UB MB LB UB MB LB UB MB LB UB MB LB UB MB LB

2.29 2.27 2.26 6.50 6.49 6.48 1.16 1.15 1.14 3.29 3.28 3.28 2.63 2.61 2.60 7.48 7.46 7.45 1.40 1.39 1.38 3.97 3.96 3.95
0.023 0.023 0.023 0.066 0.066 0.066  0.014 0.013 0.013 0.039 0.038 0.038 0.027 0.027 0.026 0.076  0.076 0.076 0.016 0.016 0.016 0.046 0.046 0.046
74.2 74.8 75.3 26.1 26.2 26.2 146.6 147.7 148.8 51.7 51.8 51.9 64.5 65.0 65.5 22.7 22.8 22.8 121.6 122.5 123.4 42.8 429 43.0
2.44 241 2.39 0.39 0.30 0.20 1.24 1.22 1.21 0.20 0.15 0.10 2.81 2.78 2.74 0.45 0.34 0.23 1.49 1.47 1.46 0.24 0.18 0.12
0.025 0.025 0.024 0.004 0.003 0.002 0.014 0.014 0.014 0.002 0.002 0.001 0.029 0.028 0.028 0.005 0.003 0.002 0.017 0.017 0.017 0.003 0.002 0.001
69.61 70.42 71.26 43491 576.09 85297 137.51 139.12 140.78 859.19 1138.08 1685.08 60.53 61.24 61.96 378.18 500.95 741.71 114.05 11539 116.76 712.64 943.97 1397.66

1.07 1.04 1.01 0.14 0.07 - 0.54 0.53 0.51 0.07 0.04 - 1.23 1.20 1.16 0.17 0.08 - 0.65 0.64 0.62 0.09 0.04 -

0.011 0.011 0.010 0.001 0.001 - 0.006 0.006 0.006 0.001 0.000 - 0.013 0.012 0.012 0.002 0.001 - 0.008 0.007 0.007 0.001 0.000 -

158.79 163.27 168.01 1244.06 2488.12 - 313.70 322.55 33191 2331.01 4662.01 - 138.08 141.97 146.09 1026.03 2052.06 - 260.19 267.53 27530 1933.42 3866.84 -
1.24 1.23 1.21 0.24 0.20 0.16 0.63 0.62 0.61 0.12 0.10 0.08 1.43 1.41 1.39 0.27 0.23 0.18 0.76 0.75 0.74 0.15 0.12 0.10
0.013 0.013 0.012 0.002 0.002 0.002  0.007 0.007 0.007 0.001 0.001 0.001 0.015 0.014 0.014 0.003 0.002 0.002 0.009 0.009 0.009 0.002  0.001 0.001
136.93 138.65 14042 711.69 854.56 1069.19 270.51 27391 277.40 1405.97 1688.21 2112.23 119.07 120.57 122.10 618.86 743.09 929.73 22437 227.19 230.08 1166.16 1400.26 1751.96

UB: upper bound; MB: medium bound; LB: lower bound. Intake: ng/g bw day. Cancer risk: Cancer year”' per 10’ individuals.
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Table 3. Aflatoxin intake through peanut consumption, cancer risk and MOE determinate by a probabilistic approach for male from <1-19 years old.

Mean (5th-95th pecentile)

<1-19years-old

Raw Peanut Roasted Peanut
UB MB LB UD UB MB LB UD

2005-2006
Intake 3.16 (0.12-11.31)  3.07 (0.11-10.91)  3.05 (0.09-11.21) 3.09 (0.10-10.99)  8.76 (0.15 -32) 8.57 (0.11-31.11) 8.75 (0.10-32.41) 8.44 (0.10-30.85)
Cancer Risk 0.032 (0.001-0.115) 0.031 (0.001-0.111) 0.031 (0.001-0.114)  0.031 (0.001-0.112) 0.089 (0.002-0.325) 0.087 (0.001-0.316) 0.089 (0.001-0.329) 0.086 (0.001-0.313)
MOE 53.8 (1361.6-15) 55.3 (1484.5-15.6) 55.7 (1927.6-15.2)  55.1 ( 1657.3-15.5) 19.4 (1100.9-5.3) 19.8 (1558.9-5.5) 19.4 (1741.2-5.2) 20.1 (1756.0-5-5)

2007-2008
Intake 3.35(0.11-11.54)  3.40(0.10-12.29)  3.35(0.10-12.14) 3.34 (0.10-11.98)  0.53 (0.07-1.73) 0.40 (0.04-1.35) 0.28 (0.01-0.99) 0.41 (0.04-1.34)
Cancer Risk 0.034 (0.001-0.117) 0.034 (0.001-0.125) 0.034 (0.001-0.123) 0.034 (0.001-0.122) 0.005 (0.001-0.018) 0.004 (0.000-0.014) 0.003 (0.000-0.010) 0.004 (0.000-0.014)
MOE 50.8 (1614.2-14.7) 50.0 (1718.7-13.8) 50.8 (1656.0-14.0)  50.9 (1710.2-14.2) 318.0 (2484.3-98.2) 422.7 (4234.0-125.5) 611.3 (23124.1-170)  415.3 (4286.7-126.6)

2009-2010
Intake 1.46 (0.04-5.24) 1.46 (0.04-5.30) 1.39 (0.04-5.10) 1.43 (0.05-5.04) 0.20 (0.05-0.55) 0.10 (0.02-0.28) - 0.10 (0.02-0.28)
Cancer Risk 0.015 (0.000-0.053) 0.015 (0.000-0.054) 0.014 (0.000-0.052) 0.015 (0.000-0.051) 0.002 (0.000-0.006) 0.001 (0.000-0.003) - 0.001 (0.000-0.003)
MOE 116.3 (3921.7-32.5) 117.3 (3940.9-32.0) 122.6 (3862.9-33.4) 118.8 (3497.2-33.7) 864.0 (3740.7-309.3) 1724.4 (7491.4-614.8) - 1709.7 (7618.1-609.5)
2011-2012-2013
Intake 1.73 (0.07-6.19) 1.72 (0.06-6.22) 1.66 (0.05-5.83) 1.71 (0.06-6.07) 0.32 (0.06-0.98) 0.27 (0.03-0.88) 0.22 (0.00-0.79) 0.27 (0.03-0.88)
Cancer Risk 0.018 (0.001-0.063) 0.017 (0.001-0.063) 0.017 (0.000-0.059) 0.017 (0.001-0.062) 0.003 (0.001-0.010) 0.003 (0.000-0.009) 0.002 (0.000-0.008) 0.003 (0.000-0.009)
MOE 98.0 (2317.0-27.5) 98.9 (2829.7-27.3) 102.3 (3456.0-29.2) 99.6 (2657.9-28.0) 525.1 (3081.1-173.0) 622.4 (5018.4-193.8) 785.6 (40976.2-215.7)  631.4 (5126.5-192.9)

UB: upper bound; MB: medium bound; LB: lower bound, UD:

Uniform distribution. Intake: ng/g bw day. Cancer risk:

Cancer year ' per 10”individuals.
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Table 4. Aflatoxin intake through peanut consumption, cancer risk and MOE determinate by a probabilistic approach for male from 20-> 65 years old.

Mean (5th-95th pecentile)
220 years-old
Raw Peanut Roasted Peanut
UB MB LB UD UB MB LB UD

2005-2006
Intake 1.16 (0.06-3.57) 1.14 (0.06-3.64) 1.13 (0.05-3.56) 1.15 (0.05-3.67) 3.21 (0.08-10.14) 3.15 (0.06-10.05) 3.23 (0.05-10.40) 3.13 (0.05-10.01)
Cancer Risk 0.014 (0.001-0.042) 0.013 (0.001-0.043) 0.013 (0.001-0.042) 0.013 (0.001-0.043) 0.038 (0.001-0.119) 0.037 (0.001-0.118) 0.038 (0.001-0.122) 0.037 (0.001-0.117)
MOE 146.7 (2702.1-47.6) 149.1 (3055.0-46.7) 151.0 (3748.9-47.8) 148.4 (3241.8-46.4) 52.9 (2083.3-16.8) 53.9 (3047.9-16.9) 52.6 (3489.4-16.3) 54.2 (3238.1-84.3)

2007-2008
Intake 1.22 (0.05-3.82) 1.22 (0.05-3.90) 1.22 (0.05-3.91) 1.21 (0.05-3.86) 0.19 (0.04-0.53) 0.15 (0.02-0.41) 0.10 (0.00-0.32) 0.15 (0.02-0.42)
Cancer Risk 0.014 (0.001-0.045) 0.014 (0.001-0.046) 0.014 (0.001-0.046) 0.014 (0.001-0.045) 0.002 (0.000-0.006) 0.002 (0.000-0.05) 0.001 (0.000-0.004) 0.002 (0.000-0.005)
MOE 139.7 (3176.7-44.5) 138.9 (3249.7-43.6) 139.8 (3342.0-43.5) 140.4 (3436.1-44.1) 874.9 (4100.2-321.9) 1148.1 (7178.1-411.1)  1684.1 (45916.3-534.5) 1139.3 (7313.7-404.9)

2009-2010
Intake 0.54 (0.02-1.72) 0.52 (0.02-1.66) 0.51 (0.02-1.61) 0.53 (0.02-1.64) 0.07 (0.03-0.14) 0.04 (0.01-0.07) - 0.04 (0.01-0.07)
Cancer Risk 0.006 (0.000-0.020) 0.006 (0.000-0.019) 0.006 (0.000-0.019) 0.006 (0.000-0.019) 0.0008 (0.0003-0.0017)  0.0004 (0.0002-0.0009) - 0.0004 (0.0002-0.0009)
MOE 316.6 (7840.0-98.8) 324.6 (7684.7-102.6)335.2 (7602.4-105.7) 322.4 (6904.9-103.9)2358.7 (5995.9-1189.5)  4694.6 (12036.3-2341.1) - 4682.1 (12089.9-2312.4)
2011-2012-2013
Intake 0.63 (0.04-1.92) 0.62 (0.03-1.98) 0.61 (0.02-1.92) 0.63 (0.03-1.98) 0.12 (0.03-0.29) 0.10 (0.02-0.28) 0.08 (0.00-0.25) 0.10 (0.02-0.26)
Cancer Risk 0.07 (0.000-0.023)  0.007 (0.000-0.023) 0.007 (0.000-0.023) 0.007 (0.000-0.023) 0.001 (0.000-0.003) 0.001 (0.000-0.003) 0.001 (0.000-0.003) 0.001 (0.000-0.003)
MOE 272.0 (4443.4-88.4) 272.2 (5549.8-85.8) 279.6 (6810.1-88.6) 270.9 (5450.1-86.0) 1438.0 (4858.2-594.5) 1699.2 (8407.4-615.5)  2149.2 (83306.7-674.3) 1725.1 (8391.3-647.0)

UB: upper bound; MB: medium bound; LB: lower bound; UD: Uniform distribution. Intake: ng/g bw day. Cancer risk: Cancer year™ per 10’ individuals.
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Table 5. Aflatoxin intake through peanut consumption, cancer risk and MOE determinate by a probabilistic approach for female from <1-19 years old.

Mean (5th-95th pecentile)

<1-19years-old

Raw Peanut Roasted Peanut
UB MB LB UD UB MB LB UD

2005-2006
Intake 3.69 (0.14-12.99) 3.58 (0.13-12.56) 3.52 (0.10-12.54) 3.59 (0.12-12.77) 10.22 (0.18-36.80) 10.07 (0.13-36.44) 10.16 (0.10-37.69) 9.99 (0.11-36.09)
Cancer Risk 0.038 (0.001-0.132)  0.036 (0.001-0.128) 0.036 (0.001-0.127)  0.036 (0.001-0.130) 0.104 (0.002-0.374)  0.102 (0.001-0.370) 0.103 (0.001-0.383) 0.101 (0.001-0.367)
MOE 46.0 (1179.6-13.1)  47.5(1281.0-13.5)  48.3 (1659.5-13.6) 47.4 (1409.7-13.3)  16.6 (949.9-4.6) 16.9 (1354.2-4.7) 16.7 (1624.3-4.5) 17.0 (1486.6-4.7)

2007-2008
Intake 3.80 (0.12-13.71) 3.83 (0.12-13.56) 3.79 (0.12-13.94) 3.87 (0.11-14.39) 0.61 (0.08-1.98) 0.46 (0.05-1.55) 0.32 (0.01-1.12) 0.47 (0.05-1.60)
Cancer Risk 0.039 (0.001-0.139)  0.039 (0.001-0.138) 0.039 (0.001-0.142)  0.039 (0.001-0.146)  0.006 (0.001-0.020)  0.005 (0.000-0.016) 0.003 (0.000-0.011) 0.005 (0.000-0.016)
MOE 44.7 (1421.8-12.4)  44.4 (1477.9-12.5)  44.8 (1429.1-12.2) 43.9 (1489.8-11.8)  276.8 (2154.2-85.9)  366.4 (3591.4-109.7)  537.8 (21151.9-151.2) 361.5 (3658.0-106.5)

2009-2010
Intake 1.65 (0.05-5.99) 1.63 (0.05-5.74) 1.57 (0.05-5.71) 1.64 (0.06-5.93) 0.23 (0.05-0.63) 0.11 (0.03-0.32) - 0.11 (0.03-0.31)
Cancer Risk 0.017 (0.001-0.061)  0.017 (0.001-0.058) 0.016 (0.001-0.058)  0.017 (0.001-0.060) 0.002 (0.001-0.006)  0.001 (0.001-0.006) - 0.001 (0.000-0.003)
MOE 103.0 (3383.9-28.4) 104.4 (3217.8-29.6) 108.6 (3224.3-29.8)  103.7 (3084.2-28.7) 754.9 (3261.8-271.4) 1494.2 (6293.7-537) - 1487.2 (6489.4-549.2)

2011-2012-2013
Intake

Cancer Risk
MOE

1.97 (0.09-7.02)
0.020 (0.001-0.071)
86.2 (1903.6-24.2)

1.96 (0.07-6.86)
0.020 (0.001-0.070)
86.8 (2457.9-24.8)

1.91 (0.06-7.01)
0.019 (0.001-0.071)
89.1 (2893.9-24.3)

1.98 (0.07-7.08)
0.020 (0.001-0.072)
85.9 (2372.2-24.0)

0.37 (0.07-1.09)
0.004 (0.001-0.011)
460.1 (2568.0-155.6)

0.31 (0.04-1.01)
0.003 (0.000-0.010)
543.8 (4363.2-167.8)

0.25 (0.00-0.89)
0.003 (0.000-0.009)
686.4 (35335.1-191.9)

0.31 (0.04-1.01)
0.003 (0.000-0.010)
549.4 (4268.6-168.3)

UB: upper bound; MB: medium bound; LB: lower bound; UD: Uniform distribution. Intake: ng/g bw day. Cancer risk: Cancer year" per 10’ individuals.
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Table 6. Aflatoxin intake through peanut consumption, cancer risk and MOE determinate by a probabilistic approach for female from 20-> 65 years old

Mean (5th-95th pecentile)

220 years-old

Raw Peanut Roasted Peanut
UB MB LB UD UB MB LB UD

2005-2006
Intake 1.39 (0.07-4.25) 1.37 (0.07-4.38) 1.35 (0.05-4.27) 1.38 (0.06-4.44) 3.86 (0.10-12.33) 3.79 (0.07-12.07) 3.89 (0.06-12.52) 3.77 (0.06-12.11)
Cancer Risk 0.016 (0.001-0.050)  0.016 (0.001-0.051) 0.016 (0.001-0.050)  0.016 (0,001-0.052)  0.045 (0.001-0.145)  0.045 (0.001-0.142) 0,046 (0.001-0.147) 0.044 (0.001-0.142)
MOE 122.0 (2283.6-40.0) 123.9 (2537.3-38.8) 125.5(3122.7-39.8)  123.3 (2730.8-38.3) 44.0(1734.2-13.8) 44.8 (2525.8-14.1) 43.7 (2880.5-13.6) 45.1 (2724.6-14.0)

2007-2008
Intake 1.46 (0.06-4.57) 1.47 (0.06-4.69) 1.46 (0.06-4.69) 1.46 (0.06-4.64) 0.23 (0.05-0.64) 0.18 (0.03-0.50) 0.12 (0.00-0.38) 0.18 (0.03-0.51)
Cancer Risk 0.017 (0.001-0.054)  0.017 (0.001-0.055) 0.017 (0.001-0.055)  0.017 (0.001-0.055) 0.003 (0.001-0.007)  0.002 (0.000-0.006) 0.001 (0.000-0.005) 0.002 (0.000-0.006)
MOE 116.2 (2644.7-37.2) 115.5(2714.8-36.2) 116.2 (2777.8-36.2)  116.8 (2884.2-36.6) 727.8 (3412.0-267.3) 955.6 (5983.3-340.5)  1400.5 (37775.8-442.6) 948.0 (6098.7-336.6)

2009-2010
Intake 0.65 (0.03-2.09) 0.63 (0.03-1.98) 0.61 (0.03-1.93) 0.63 (0.03-1.96) 0.09 (0.03-0.17) 0.04 (0.02-0.09) - 0.04 (0.02-0.09)
Cancer Risk 0.008 (0.000-0.0025) 0.007 (0.000-0.023) 0.007 (0.000-0.023)  0.007 (0.000-0.023) 0.001 (0.000-0.002)  0.001 (0.000-0.001) - 0.001 (0.000-0.001)
MOE 263.1 (6511.0-81.4) 270.0 (6353.4-85.8) 278.7 (6395.8-88.1)  267.9 (5779.6-86.9) 1962.2 (4964.7-994.1) 3905.3 (9994.4-1945.1) - 3894.9 (10132.3-1944.9)
2011-2012-2013
Intake 0.75 (0.05-2.29) 0.75 (0.04-2.39) 0.73 (0.03-2.33) 0.76 (0.04-2.39) 0.14 (0.04-0.34) 0.12 (0.02-0.33) 0.10 (0.00-0.31) 0.12 (0.02-0.32)
Cancer Risk 0.009 (0.001-0.027)  0.009 (0.000-0.028) 0.009 (0.000-0.027)  0.009 (0.000-0.028) 0.002 (0.000-0.004)  0.001 (0.000-0.004) 0.001 (0.000-0.004) 0.001 (0.000-0.004)
MOE 226.2 (3716.3-74.1) 226.2 (4659.4-71.0) 232.4(5773.4-73.1)  225.1 (4506.4-71.3) 1194.8 (4032.9-493.8) 1412.8 (7090.6-514.2) 1786.2 (69519.0-551.3) 1433.8 (6990.3-537.3)

UB: upper bound; MB: medium bound; LB: lower bound; UD: Uniform distribution. Intake: ng/g bw day. Cancer risk: Cancer year ' per 10 individuals.
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3. DISCUSSAO GERAL

O presente trabalho analisou a micobiota e a presenca de aflatoxinas em amendoim
nas diferentes etapas da cadeia de producio, estudou a cinética de degradacdo durante a etapa de
torracdo e por fim, desenvolveu uma avaliacdo de exposicdo as aflatoxinas através do consumo
de amendoim.

A andlise da micobiota do amendoim mostrou uma grande variedade de fungos
isolados, inclusive potencialmente produtores de aflatoxinas durante toda a cadeia produtiva.
Dentre os fungos pertencentes ao género Aspergillus, foram isolados: A. arachidicola, A.
parasiticus, A. flavus, A. caelatus e A. tamarii. As aflatoxinas tiveram uma baixa ocorréncia nas
amostras analisadas (apenas 12 de 119 amostras de amendoim) em concentra¢des que variaram
de ndo detectaveis a 100,91ug/kg. As amostras que apresentaram niveis acima do permitido pela
legislagdo brasileira (20ug/kg) pertenciam as etapas de secagem (95,46 e 49,26pg/kg) e selecdo
(100,91 e 24,46 ng/kg). As amostras de secagem ainda passariam pela selecdo, portanto, existe a
possibilidade dela ser eliminada. A amostra da etapa de selecdo que apresentou a maior
contaminacdo (100,91 pg/kg) foi coletada na parte dos graos de tamanho inferior ao da peneira
16/64 avos de polegada. Estes sdo encaminhados para producio de déleo e durante o refinamento
do dleo, a maior parte das aflatoxinas € removida. J4 a amostra com 24,46 pg/kg ainda poderia
passar pelo processo de torragdo e ter sua concentragdo diminuida.

O estudo da cinética de degradacdo das aflatoxinas mostrou que a concentracdo
inicial da toxina no alimento interfere na cinética de destrui¢do. Amostras mais contaminadas
necessitam de menos tempo para a primeira reducdo decimal que amostras com contaminacao
menor. Além disso, pode-se observar a influéncia da temperatura na degradagcdo, uma vez que
as amostras expostas a 200°C obtiveram 89,7% de reducdo, a 180°C 86,3% e a 160°C 61,6%. A
cor do amendoim em cada tempo e temperatura estudado permitiu observar a reducdo da
aflatoxina na obtencao de uma amostra torrada similar ao padrdo utilizado. Apenas a torracio a
160°C por 5 minutos apresentou o parametro L* da cor similar ao padrdo utilizado na andlise.
Contudo, levando em consideracdo os trabalhos que fizeram andlise sensorial e determinaram
que o parametro L* da andlise de cor deve ser de 58 a 59, uma reducdo maior pode ser
observada: 54,9% de reducgdo a 160° por 20 minutos e 45,1% a 200°C por 5 minutos.

A curva obtida no trabalho que avaliou a porcentagem de reducdo em funcdo da
concentracao inicial permite prever a reducdo da concentragdo das amostras que apresentaram
contaminacio por aflatoxinas nas etapas da cadeia de producdo do amendoim. Das amostras que
apresentaram contaminagdo, os valores observados foram: 95,46, 49,26 e 0,43 pg/kg em
amostras na etapa de secagem, 6,34 na amostra de blancheamento, 0,82, 100,91, 0,3 e 24,46

pg/kg durante a sele¢do e 14,07, 0,82, 4,21 e 1,62 nas amostras prontas para consumo. Como o
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menor ponto da curva era a concentracao de 35ug/kg, a previsdo da porcentagem de reducio
ap6s 20 minutos de torracdo a 180°C sé pode ser calculada para as concentracdes de 49,26,
95,46 e 100,91 ug/kg e apresentaram 53,31%, 56,08% e 56, 36% de reducdo respectivamente.
Nestes casos, apesar da reducdo, a concentracdo final ainda estaria acima do limite permitido
pela legislagao.

A avaliacdo da exposicdo a aflatoxinas pelo consumo de amendoim foi avaliada
com modelos deterministicos e probabilisticos. A andlise deterministica do consumo, risco de
cancer e margem de exposicado (MOE) mostrou que a populagdo brasileira esta exposta a essa
toxina pelo consumo de amendoim e uma analise probabilistica, mais detalhada e realista se fez
necessdrio. Essa andlise permitiu observar que a populagdo mais exposta € a feminina na faixa
etdria de <1 a 19 anos, devido ao peso corpdreo ser menor, uma vez que ndo hd dados de

consumo por faixa e os grupos foram diferenciados apenas pelo peso corpéreo.
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4. CONCLUSAO GERAL

A cadeia produtiva do amendoim pode estar contaminada com Aspergillus section Flavi
potencialmente produtores de aflatoxinas, mostrando a importincia do conhecimento da
micobiota, uma vez que qualquer falha no controle de temperatura e umidade pode resultar na
producdo de toxina. A ocorréncia de aflatoxinas nas amostras foi baixa, e apesar de algumas
apresentarem valores elevados, ndo atingiriam diretamente o consumidor. O processo de
torracdo do amendoim reduziu a concentracdo da aflatoxina, contudo, a reducdo nas condi¢des
ideais de cor, comparada com uma amostra padrdo foi baixa. A exposicdo de aflatoxinas pelo
consumo de amendoim ainda é um fator de risco para a populacdo, contudo, os ultimos dados de
contaminacdo apresentaram uma reducdo, mostrando uma tendencia a exposi¢do cada vez

menor.
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