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RESUMO

Micotoxinas séo toxinas produzidas por fungos que contaminam alimentos e séo
potencialmente toxicas ao homem e animais. Aflatoxinas (AFs; AFB1, AFB2, AFG1l e
AFG2) sdo carcinogénicas em humanos e ocratoxina A (OTA) é considerada um
possivel carcinbgeno humano. Os objetivos do presente estudo foram: 1) avaliar a
exposicao e risco carcinogénico da populacdo brasileira a aflatoxinas na dieta, 2)
desenvolver e validar metodologia analitica para analise de AFs, AFM1 e OTA em
leite humano e, 3) avaliar o risco da ingestdo de micotoxinas por criancas pelo
consumo de leite de doadoras de banco de leite do Distrito Federal. Dados de AFs
em alimentos foram obtidos de laudos de analise do Laboratorio Central de Saude
Publica do Distrito Federal e de artigos publicados. Consumo de alimentos e peso
corpéreo foram obtidos da Pesquisa de Orcamento Familiar 2008/2009 conduzida
pelo Instituto Brasileiro de Geografia e Estatistica. Riscos a saude resultantes da
exposicao a AFs foram estimados levando em conta seu potencial carcinogénico e a
prevaléncia do virus da hepatite B na populacdo. O método analitico otimizado para
analise de AFs, AFM1 e OTA utilizou a técnica de extracdo liquido-liquido com
purificacdo a baixa temperatura e andlise por HPLC/FD. Amostras de leite foram
coletadas de doadoras de oito Bancos de Leite do Distrito Federal, entre Maio/2011
a Fevereiro/2012. A ingestao total de AFs pela populagéo brasileira total e por altos
consumidores de alimentos contendo AFs foi 6,8 e 27,6 ng/kg pc/dia,
respectivamente. O risco de cancer para as duas populacbes chegou a 0,0753 e
0,3056 cancer/ano/10° individuos, respectivamente. A metodologia analitica
desenvolvida apresentou limites de quantificacdo (LOQs) entre 0,005 e 0,03ng/mL,
recuperacdes entre 73 e 99,5% e coeficientes de variacdo entre 1,8 e 17,3%. No
total, foram analisadas 224 amostras de leite e apenas 2 foram positivas para as
micotoxinas analisadas - AFB2 no nivel do LOQ (0,005ng/mL), presenca confirmada
por LC-MS/MS. Estes resultados indicam que o consumo de leite materno dos
Bancos de Leite ndo representa um risco a saude de criancas advindo da exposicao
a micotoxinas. As criangas sdo consideradas mais susceptiveis aos efeitos toxicos
das micotoxinas e, portanto, a exposicéo a aflatoxinas e ocratoxina A, carcin0genos

e possiveis carcinbgenos em humanos, deve ser mantida no menor nivel possivel.

Palavras chave: aflatoxinas; ocratoxina A; analise, avaliagdo de risco; leite humano.
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ABSTRACT

Mycotoxins are toxins produced by fungi that contaminate food and are potentially
toxic for humans and animals. Aflatoxins (AFs; AFB1, AFB2, AFG1l, AFG2 and
AFG2) are known to be human carcinogens and ochratoxin A (OTA) is considered a
possible human carcinogen. The objectives of this work were: 1) evaluate the
exposure and carcinogenic risk of the Brazilian population through the consumption
of food contaminated with AFs, 2) develop and validate a methodology for analysis of
AFs, AFM1 and OTA in breast milk and, 3) evaluate the risks of exposure to these
mycotoxins from the consumption of breast milk in the Federal District, Brazil. AF
concentration data in food were obtained from analysis reports issued by the Central
Public Health Laboratory of the Federal District and from published work. Food
consumption and body weight data were obtained from a survey conducted in
2008/2009 by the Brazilian Institute of Geography and Statistics. Potential health
risks arising from exposure to aflatoxins were assessed using the carcinogenic
potency of AFs and hepatitis B virus prevalence in the Brazilian population. The
optimized method for analysis of AFs, AFM1 and OTA consisted of a liquid-liquid
extraction followed by purification at low temperature and analyses by HPLC/FD.
Breast milk samples were collected from donors of eight Human Milk Banks of the
Federal District, from May/2011 to February/2012. Total AF intake for the total
Brazilian population and consumers-only were 6.8 and 27.6 ng/kg bw/day,
respectively. Cancer risk reached 0.0753 cancers/year/10° individuals for the total
population and 0.3056 cancers/year/10° individuals for consumers-only. The
developed methodology of analysis had limits of quantification (LOQs) that ranged
from 0.005ng/mL to 0.03ng/mL, recoveries from 73-99.5% and relative standard
deviations from 1.8-17.3%. A total of 224 breast milk samples were analyzed and
only two were positive, containing AFB2 at the LOQ level (0.005ng/mL), and its
presence was confirmed by LC-MS/MS. These results indicate that consumption of
breast milk does not pose a health risk arising from exposure to mycotoxins for
infants who consumed milk from milk banks of the Federal District. Children are
considered more susceptible to toxic effects of mycotoxins and, therefore, exposure
to aflatoxins and ochratoxin A, known to be carcinogens and possible carcinogens to
humans, should be kept as low as reasonable achievable.

Keywords: aflatoxins; ochratoxin A; analysis; risk assessment; breast milk.



1. INTRODUCAO

Os contaminantes toxicos presentes nos alimentos podem ser de origem
natural, resultantes do processo metabdlico de animais, plantas e microrganismos
dos quais os alimentos se originaram, do contato com o solo, agua ou ar
contaminado, ou até mesmo como resultado do processamento do alimento
(Deshpande, 2002). Entre os contaminantes de alimentos de maior relevancia para
a saude humana temos as micotoxinas (Kotsonis & Burdock, 2008; Deshpande,
2002).

Micotoxinas sdo metabdlitos secundarios produzidos por fungos filamentosos
gue contaminam os alimentos (Frisvad et al.,, 2007; Nicholson, 2004). Sao
compostos estruturalmente diferentes, em decorréncia das varias vias biossintéticas
dos fungos, e seu efeito toxico no homem é igualmente diverso. A produgéo de uma
micotoxina é restrita a um nuamero limitado de espécies fungicas e, em alguns
casos, pode limitar-se a algumas cepas de determinadas espécies (Nicholson,
2004).

A toxicidade das micotoxinas esta relacionada principalmente com
propriedades genotoxicas, carcinogénicas, imunotoxicas e nefrotoxicas (Brera et al.,
2008). Embora sejam conhecidos mais de 300 tipos de micotoxinas, relativamente
poucas sdo de grande preocupacdo no que diz respeito a saude humana e animal
(Nicholson, 2004). Dentre essas, se encontram as aflatoxinas, tricotecenos,
fumonisinas, zearalenona e a ocratoxina A, produzidas principalmente pelos
géneros Aspergillus, Penicilium e Fusarium (Brera et al., 2008; CAST, 2003). A
contaminacgdo dos alimentos por fungos produtores de micotoxinas pode ocorrer no
campo, nas diversas fases da producédo, durante o processamento dos produtos e
no armazenamento.

A presenca de micotoxinas em alimentos, frequentemente, compromete sua
qualidade e seguranga (D’Mello, 2003). A ingestao de leite, ovos e carne também é
considerada importante fonte de exposi¢cdo, uma vez que animais alimentados com
racado contaminada podem transferir estes contaminantes e ou metabdlitos aos seus
produtos (Brera et al., 2008). Da mesma maneira, desde a década de 80, existem
relatos da excre¢édo de micotoxinas no leite de mulheres expostas pelo consumo de
alimento contaminado (Coulter et al., 1984), o que pode representar um risco para a

saude do lactente.



As micotoxinas sao relativamente estaveis as condigbes usualmente
empregadas no processamento e preparo dos alimentos, inclusive tratamento
térmico, podendo ser encontradas no produto final na sua forma original ou
modificadas (Bullerman & Bianchini, 2007). A completa eliminacdo das micotoxinas
presentes nos alimentos ndo € possivel e, portanto, sua presenca deve ser reduzida
ao nivel mais baixo possivel (Codex, 1995). Desta maneira, deve-se realizar um
continuo monitoramento da presenca destes contaminantes na dieta e avaliar os

riscos que estes podem trazer para a populacdo exposta.



2. REVISAO DE LITERATURA

2.1 AFLATOXINAS

As aflatoxinas sdo produzidas em alimentos principalmente pelo Aspergillus
flavus e Aspergillus parasiticus. As quatro principais aflatoxinas produzidas
naturalmente sdo conhecidas como aflatoxina B1, B2, G1 e G2 (Figura 1), com “B” e
“G” referindo-se as cores azul e verde fluorescentes sob a luz UV (Pitt & Hocking,
2009). Sdo compostos heterociclicos caracterizados pela fusdo de residuos de
dihidrofurano ou tetrahidrofurano a uma molécula de cumarina. As moléculas de
AFG diferem estruturalmente das AFB, pois possuem um anel &-lactona ao invés de

um anel ciclopentanona (D"Mello, 2003).

OCH,

AFB1 AFB2

AFG1 AFG2
Figura 1 — Estruturas quimicas das Aflatoxinas B1, B2, G1 e G2 (IARC, 2002).

O Aspergillus flavus é a principal fonte de aflatoxinas, ocorrendo na maior
parte dos alimentos de paises tropicais. Essa espécie tem uma afinidade especial
com trés culturas: milho, amendoim e algoddo e geralmente produz apenas
aflatoxina B. O Aspergillus parasiticus ocorre principalmente em amendoim e é bem
raro encontra-lo em outros alimentos. Produz tanto aflatoxina B quanto G e

praticamente todos os isolados conhecidos séao toxicogénicos (Frisvad et al., 2006).



2.1.1 Metabolismo e toxicodinamica

A AFB1 é a mais téxica das aflatoxinas e, portanto, diversos estudos tém sido
conduzidos a respeito de seu metabolismo. A Figura 2 representa, resumidamente,
0s processos metabdlicos sofridos pela AFB1 no organismo humano. A absor¢céo
das aflatoxinas ocorre no trato gastrointestinal e a biotransformacao é realizada
principalmente no figado, por enzimas do citocromo P450 (CYP450; Gallagher et al.,
1994; Gross-Steinmeyer & Eaton, 2012; Guengerich et al., 1996; Raney et al., 1992).
Estas enzimas mediam as reacdes de formacdo do AFB1-8,9-exo-epoxido (AFBO) e
outros metabdlitos como AFM1, AFQl e AFP1 (Eaton & Gallagher, 1994;
Guengerich et al., 1998).

DISTRIBUICAO / METABOLISMO
ABSORCAO ELIMINAGCAO
» Rins
\\> Urina
Circulagdo sanguinea |
? —»| Leite
Trato
Gastrointestina . Metabdlitos . .
» Glicuronidacao
hidroxilados
Figado Adutos com DNA
(CYP 450)
Adutos com albumina
exo, endo
.’
epoxidos Conjugados
mercapturicos
v
Bile
> Fezes

Figura 2 — Metabolismo da AFB1 (Polychronaki, 2007b).

AFM1, AFP1 e AFQl sdo metabolitos menos toxicos e seu potencial
carcinogénico € bem menor que o da AFB1l e, desta maneira, sua formacao é
considerada como uma via de detoxificagdo (Gross-Steinmeyer & Eaton, 2012;
Hsieh et al., 1984). Metabdlitos hidroxilados da AFB1 como AFM1, AFQ1 e AFP1,

podem ser conjugados com acido glicurdnico, formando ésteres extremamente



soluveis em 4gua. Estes conjugados séo rapidamente excretados através da urina,
bile ou fezes, embora a AFM1 tenha sido originalmente isolada e identificada como
um metabdlito da AFB1 no leite (Eaton & Gallagher, 1994; Wei & Hsieh, 1984).

A hepatocarcinogenicidade da AFB1 € associada a sua biotransformacéao,
através da CYP3A4 a um epdxido (AFBO) que forma adutos covalentes com DNA,
RNA e proteinas (Bennett et al., 1981; IARC, 2002; McLean & Dutton, 1995). O
aduto quimicamente instavel AFB1-N7-guanina (Figura 3) ocorre pela ligacdo entre
AFBO e guaninas da molécula de DNA ao nivel do codon 249, do gene supressor de
tumores p53 (Essigmann et al., 1977). Se ndo forem removidos pelas enzimas de
reparacdo do DNA e se estiverem localizados em regibes do DNA
transcricionalmente ativas, os adutos formados podem levar a alteracdes somaticas
(Bedard & Massey, 2006). Em um processo de detoxificacdo, AFBO pode ser
capturado pela glutationa-S-transferase (GST), conjugado com glutationa reduzida
(GSH) e excretado como acido mercapturico na urina, protegendo o DNA e as

proteinas da formacéo de adutos (Gross-Steinmeyer & Eaton, 2012).

v 9 |c|’ Figura 3 — Ativacdo da AFB1
0 " | - l ” e formac&o de aduto com DNA
0 e ~ TN o) (Klaassen, 2008).
WGP ook, oll"'” s | J§ N
AFB1-8 9-expéxido V—{

Aduto AFB1-N7-guanina

A AFB1 é mais mutagénica e carcinogénica que a AFG1, pelo fato do AFB1-
8,9-ex0-epoxido se intercalar mais facilmente com o DNA, produzindo quantidades

maiores de adutos para a mesma dose. AFB2 e AFG2 geralmente séo consideradas



menos ativas biologicamente, devido a auséncia da ligacdo dupla da posicéo 8,9 e,
consequentemente, a ndo formagdo do 8,9-epoxido (Raney et al., 1990; Wild &
Turner, 2002). Os adutos formados entre AFBO e RNA e proteinas estdo também
envolvidos com os mecanismos de toxicidade aguda da AFB1, conduzindo a morte
celular pela inativacdo de macromoléculas essenciais as células. A formacéo destes
adutos inicia-se com a hidrdlise da AFB1-epoxido (endo e exo) para produzir AFB1-
8,9-dihidrodiol (Guengerich et al., 1998), o qual reage com grupamentos amino das
moléculas de proteina, principalmente residuos de lisina da albumina (Sabbioni et
al., 1987).

2.1.2 Toxicidade das aflatoxinas

A aflatoxicose, doenca causada pelo consumo de alimentos contaminados por
aflatoxinas, pode ser aguda (dano direto ao figado, podendo levar a morte) ou
cronica (risco de cancer).

Estudos em animais mostraram que espécies susceptiveis, como patos e
coelhos, tem uma dose letal média em torno de 0,3mg/kg, enquanto galinhas e ratos
tém uma tolerancia maior (até 18mg/kg). Em humanos, os adultos tém uma alta
tolerancia a aflatoxinas e nos casos de intoxicagdo aguda reportados, as criangas
foram as mais afetadas (Cullen & Newberne, 1993 apud Williams et al., 2004).

No Gambia, um estudo conduzido com 97 pacientes diagnosticados com
cirrose hepatica avaliou a exposicao a aflatoxinas e a presenca de virus da hepatite
como fatores de risco para esta doenca. A presenca dos virus da hepatite B e C,
bem como consumo de amendoim e presenca de mutacdo no gene p53 foram
associadas ao aumento do risco de cirrose (Kuniholm et al., 2008).

Surtos de aflatoxicose em seres humanos tém sido reportados, ao longo dos
anos, principalmente em regibes subdesenvolvidas. As manifestagdes clinicas
registradas incluem vomitos, dores abdominais, edema pulmonar, infiltracdo de
gordura, necrose do figado, proliferacdo de dutos biliares, edema, letargia e morte
(Shank et al., 1971, Williams et al., 2004). Na india, o consumo de milho mofado
resultou em pelo menos 100 mortes. O estudo histopatolégico das amostras de
figado revelou uma extensa proliferacdo do duto biliar (Krishnamachari et al., 1975).

No Quénia, durante os anos 80, o consumo de milho altamente contaminado

com aflatoxinas foi associado a, pelo menos, 20 interna¢gfes hospitalares e 12 Obitos



(Ngindu et al., 1982). Na Malésia, o consumo de macarrdo contaminado por
aflatoxinas (suspeita de até 3mg de AFs/porcdo) também foi relacionado ao
aparecimento de encefalopatia hepatica aguda em criancas, ocasionando 13 mortes
(Lye et al., 1995). Mais recentemente, mais de 120 mortes foram causadas por
surtos de aflatoxicose no Quénia. Amostras de milho coletadas nas residéncias de
pacientes afetados pelo surto chegaram a conter mais de 1000ug/kg (Lewis et al.,
2005; Probst et al., 2007). Um estudo de caso controle realizado no periodo do surto
conseguiu confirmar a associacdo entre a concentracdo de AFs no milho,
concentracdo de adutos de AFB1-lisina no sangue, virus de hepatite B e o quadro de
aflatoxicose dos pacientes (Azziz-Baumgartner et al., 2005).

Embora a principal preocupacdo quanto as exposicdo a aflatoxinas esteja
relacionada a sua atividade hepatocarcinogénica, cancer de pulmdo € um risco em
trabalhadores que lidam diretamente com grdos contaminados (Kelly et al., 1997,
Williams et al., 2004). As aflatoxinas sao classificadas pela Agéncia Internacional de
Pesquisa sobre o Cancer (IARC) como grupo |, ou seja, existem evidéncias
suficientes, em animais e humanos, que comprovam as propriedades carcinogénicas
desta classe de contaminantes (IARC, 1993). Alguns agentes bioldgicos (virus das
hepatites B e C) sao fatores adicionais de risco no desenvolvimento de carcinoma
hepatocelular (HCC). Em portadores do virus da hepatite B (HBsAg™), a poténcia das
aflatoxinas € 30 vezes maior do que em néo portadores (HBsAg; WHO, 1999). Num
estudo recente, uma meta-andlise de dados epidemiolégicos demonstrou o0s
beneficios das intervencdes de saude publica para controlar a incidéncia de hepatite
B e reduzir a contaminacdo dos alimentos na reducéo no risco atribuivel de HCC
(Liu et al., 2012).

As aflatoxinas também causam diminuicdo do crescimento em animais, e
algumas evidéncias sugerem que estes efeitos podem ocorrer também em humanos
(Kensler et al., 2011). Num estudo longitudinal conduzido em Benim, foram
recrutadas 200 criancgas, entre 16-37 meses de idade, de quatro vilas diferentes (2
com alta exposicdo a aflatoxinas e 2 com baixa). Criancas que se alimentavam a
base de mingau de milho tiveram niveis mais altos de adutos de aflatoxina-albumina
do que as que ainda eram parcialmente amamentadas. Houve uma forte correlagéao
negativa entre a presenca de adutos e crescimento (altura) ao longo dos 8 meses de
estudo. O maior quartil do biomarcador foi associado a uma reducdo média de

1,7cm no crescimento quando comparado ao quartil mais baixo (Gong et al., 2004).



Em Gambia, foi observada uma forte correlacdo entre a presenca de adutos de
aflatoxina-albumina na méae com baixo peso e altura de criancas até 1 ano (Turner et
al., 2007). Estes trabalhos mostram que a exposicdo as aflatoxinas no utero e
durante a primeira infancia tem um impacto significativo no crescimento de criancas
africanas.

A AFBL1 é imunossupressora em animais, com efeitos particularmente fortes
na imunidade celular. A exposicdo as aflatoxinas resulta em uma maior
susceptibilidade a infeccBes bacterianas e parasitarias. Estudos epidemiolégicos tém
relacionado a exposi¢do as aflatoxinas ao aumento da prevaléncia de infeccdes
(IARC, 2002).

2.1.3 Aflatoxina M1

A aflatoxina M1 (Figura 4) € o principal metabdlito hidroxilado da AFB1, sendo
excretada no leite de animais ou humanos que tenham consumido alimentos
contaminados por AFB1 (Coulter et al.,, 1984; Holzapfel et al., 1966; Neal et al.,
1998). Entre 0,3-6,2% da AFB1 presente em ra¢cfes animais é excretada como M1
no leite em até 2 a 3 dias apOs a exposicdo, sendo que o pico de excrecao ocorre
entre 3-6 horas (Battacone et al., 2012; Creppy, 2002; Masoero et al., 2007).

Figura 4 — Estrutura quimica da AFM1 (IARC, 2002).

A conversdo metabolica da AFB1 em AFM1 é usualmente considerada como
um processo de detoxificagdo, uma vez que o potencial carcinogénico (in vivo) da
AFM1 é aproximadamente 10% do potencial da AFB1 (Wogan & Paglialunga, 1974).
Entretanto, a toxicidade aguda destas duas micotoxinas em patos e ratos foi muito
similar, tanto quantitativamente como qualitativamente (Purchase, 1967 apud Neal,

1998). Segundo os critérios de avaliagdo da carcinogenicidade de agentes quimicos



para animais de experimentacdo e humanos, a M1 é classificada como grupo 2B -
provavel carcinégeno humano (IARC, 1993).

Estudos tém mostrado que a AFM1 é capaz de formar adutos com o DNA
através de seu epoxido (Figura 5; JECFA, 2001). Neal et al. (1998) demonstraram
em microssomos hepaticos humanos um potencial téxico direto da AFM1, ou seja,
sem necessidade de ativacdo, ao contrario do encontrado para a AFB1. Desta
maneira, a consideracdo da formacdo da AFM1 como uma via de detoxificacdo da

AFB1 deve ser realizada com cautela.

AFM1

CYP450

W

Adutos DNA | < | AFM1 - epéxido

Epdxido hidroxilase?
AFM1-dhd
(AFM1- dihidrodiol)

Adutos proteinas

Figura 5 - Possiveis vias do mecanismo de acdo da AFM1 (Neal et al.,1998).

A AFM1 tem sido encontrada em leite e derivados como iogurte e queijos
(Galvano et al., 2001; llha et al., 2011; Martins & Martins, 2004; Ruangwises &
Ruangwises, 2008). Estudos conduzidos a respeito da estabilidade da AFM1 no
processamento térmico de alimentos ndo sdo consistentes, embora a maioria deles
relate que tratamentos como pasteurizagdo e esterilizagdo n&do alteram
consideravelmente a concentragédo de AFM1 nos produtos (JECFA, 2001). A maioria
dos estudos mostra que o armazenamento de leite e derivados contaminados sob
temperatura de congelamento durante alguns meses néo afeta significativamente o
conteddo de AFM1 (Yousef & Marth, 1989 apud JECFA, 2001). A AFM1 é
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encontrada, predominantemente, em associacdo com a caseina e, desta maneira,
sua concentragdo € maior no coalho do que no soro de leite durante a producéo de
queijos (JECFA, 2001).

2.2 OCRATOXINA A

Ocratoxina A (OTA) é uma toxina produzida naturalmente por diversas
espécies de Aspergillus e Penicillium. Estes fungos sdo capazes de se desenvolver
tanto em diferentes climas, como em diferentes tipos de plantas, o que faz da
contaminagcao de culturas por OTA um problema de ordem mundial (Aish et al.,
2004). O Penicillium verrucosum é o maior produtor de ocratoxina A (OTA) em
cereais em paises de clima temperado, enquanto em paises de clima tropical os
maiores produtores sdo espécies de Aspergillus, como A. carbonarius e A.
westerdijkiae (Pitt & Hocking, 2009).

Cereais, cerveja, vinho, cacau, café, uvas secas, especiarias, e produtos
carneos sao possiveis fontes de contaminacdo por esta micotoxina (Aish et al.,
2004). As ocratoxinas constituem uma familia de compostos estruturalmente
relacionados, baseados em uma molécula de isocumarina ligada a L-fenilalanina
(Abranson, 1997 apud D"Mello, 2003). A OTA (Figura 6) e a ocratoxina B (OTB) séo
as unicas formas de ocorréncia natural em alimentos (D"Mello, 2003).

A OTA é lentamente absorvida do trato gastrointestinal e sua distribuicdo no
organismo se d& pela circulacdo sanguinea, sendo direcionada principalmente para
0s rins e, em menores quantidades, para o figado, masculo e tecido adiposo. A
transferéncia de OTA para o leite tem sido reportada em humanos e animais (ratos,
coelhos), com excecdo de ruminantes, pois estas espécies sdo capazes de
metabolizar a OTA atraveés da microbiota presente no rimen. O maior metabolito da
OTA encontrado nas diversas espécies analisadas é a ocratoxina a, composto
consideravelmente menos téxico que o original. A OTA também pode ser encontrada
na urina e fezes, sendo que a quantidade excretada por cada uma dessas vias é
diferente entre as espécies e € influenciada pela extensédo da circulacdo entero

hepatica da OTA e da sua ligacdo com macromoléculas (JECFA, 2001).
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Figura 6 — Estrutura quimica da ocratoxina A (CAST, 2003).

O principal efeito da exposicdo humana a ocratoxina A é a nefrotoxicidade,
embora também possua efeitos imunotoxicos, teratogénicos e genotoxicos em
animais, sendo classificada como possivel carcinbgeno humano (IARC, 1993). O
alvo desta micotoxina, em todos os mamiferos, sdo os rins, no qual as lesdes podem
ser produzidas tanto por exposi¢cdo aguda como croénica (IARC, 2002). Exposicédo a
OTA tem sido relacionada ao desenvolvimento da nefropatia endémica dos Balcés e
0 ao aparecimento de tumores uroteliais (O’'Brien & Dietrich, 2005). O nivel de
ingestdo diaria toleravel méaxima (PMTDI - Provisional Maximum Tolerable Daily
Intake) estabelecido para OTA é de 100ng/kg pc/dia (JECFA, 2001).

Existem inUmeros mecanismos moleculares pelos quais a OTA pode exercer
seus efeitos toéxicos. Ela é capaz de inibir a sintese proteica, através da competicdo
pela enzima fenilalanina-tRNA sintetase, formar adutos com DNA, interferir na
peroxidacao lipidica e inibir a respiracdo mitocondrial (Bayman & Baker, 2006;
O’Brien & Dietrich, 2005).

2.3 AFLATOXINAS E OCRATOXINA A EM ALIMENTOS COMERCIALIZADOS NO
BRASIL

Aflatoxinas e ocratoxina A causam danos aos seres humanos e, por isso, a
contaminagao de alimentos por estas micotoxinas tem sido monitorada desde sua
descoberta. No Quadro 1 encontram-se dados sobre trabalhos publicados nos
altimos anos quanto a contaminacao de alimentos comercializados no Brasil por AFs
e OTA. Poucos trabalhos foram publicados e as unidades federativas com o maior
namero de estudos sdo o Distrito Federal, Sdo Paulo e o Rio Grande do Sul. E
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possivel perceber que grande parte das pesquisas realizadas ainda utiliza métodos
de analise de baixa sensibilidade, como CCD, e a purificacdo por colunas de
imunoafinidade é pouco comum em laboratérios brasileiros.

No Brasil, amendoim e derivados ainda sdo os alimentos com maior
incidéncia de contaminacdo por AFs (19,8-60%), mas os niveis de contaminacao
tém decrescido consideravelmente com o passar dos anos. OTA nédo parece ser um
problema em alimentos consumidos no Brasil, pois embora sua incidéncia em alguns
produtos tenha sido alta, como por exemplo no chocolate, os niveis de concentracao

foram baixos na maior parte das amostras analisadas (0,03-128ug/kg).

2.4 LEGISLACAO BRASILEIRA PARA MICOTOXINAS

Pelos diversos trabalhos acima citados € possivel perceber que micotoxinas
sdo frequentemente encontradas em diversos grupos alimenticios e, como sua
presenca nos alimentos é dificil de ser evitada, Orgdos regulamentadores
estabelecem limites para manter a contaminacdo em niveis 0 mais baixo possivel.
Os limites maximos (LM) para aflatoxinas em alimentos destinados ao consumo
humano foram primeiramente regulados no pais em 1976 (CNNPA n° 34), com
limites para o somatério de AFB1 e AFG1 (30ug/kg) para alimentos de maneira
geral. Em 2002, a RDC n° 274 incluiu limites para AFM1 em leite e seus derivados
(5ug/kg) e as AFB2 e AFG2 nos limites maximos para alimentos (20ug/kg; Brasil,
2002). Atualmente os LM para micotoxinas no Brasil sédo regulamentados pela RDC
n°7 (18/02/2011; Brasil, 2011), que revogou as duas legislacdes anteriores. Nesta
resolucdo, além das aflatoxinas (AFB1+AFB2+AFG1+AFG2), AFM1 e OTA,
encontram-se parametros para deoxinivalenol, fumonisinas (FB1+FB2), patulina e
zearalenona em varios produtos. O Quadro 2 indica os LM atuais para AFs, AFM1 e

OTA para alimentos de consumo humano no Brasil.



Quadro 1 - Aflatoxinas e ocratoxina A em alimentos comercializados no Brasil.
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Micotoxinas Alimento analisado Método (LOQ/LOD) Regido ou Referéncia
(n° positivas/n® analisadas) estado
AFs Amendoim e derivados Extracdo com metanol, purificacdo com sulfato de Minas Gerais Rocha et al.,
(10/36) cobre e celite, CCD/fluorescéncia (LOD=5ug/kg) 2008
AFs Amendoim e derivados Extracdo com metanol, purificacdo com sulfato de Rio Grande do Oliveira &
(13/22) cobre e celite, CCD/fluorescéncia (LOQ=NR) Sul Koller, 2011
AFs Amendoim e derivados Extracdo com metanol/dgua, purificacdo com colunas Séo Paulo Oliveira et al.,
(106/240) de imunoafinidade, HPLC/FD (LOQ=0,5ug/kg) 2009
AFB1, AFG1 Amendoim e derivados, a) Extracdo com cloroférmio, limpeza com n-hexano Distrito Silva et al.,
castanhas, feijao, arroz e (LOD=3,2ug/kg) Federal 1996
derivados, trigo e derivados, b) Extracdo com metanol, purificagdo com sulfato de
milho e derivados e alimentos cobre e celite (LOD=2 pg/kg)
diversos CCD/fluorescéncia
(90/670)
AFs e OTA Amendoim e derivados, Extracdo com metanol, purificacdo com sulfato de Distrito Caldas et al.,
castanhas, milho (pipoca, cobre e celite, CCD/fluorescéncia (AFs: LOQ=2 ug/kg; Federal 2002
canjica e gréo) e farinhas (trigo OTA: LOQ= OTA)
e aveia)
AFs: (72/366)*
AFs e OTA Amendoim, produtos de Extracdo com metanol, purificacdo com sulfato de Distrito Caldas et al.,
amendoim, feijdo, milho, arroz, | cobre e celite, CCD/fluorescéncia (AFs: LOD=2 ug/kg; Federal 1998
trigo para quibe e castanhas OTA: LOD=25ug/kg)
AFs: (31/207)*
AFs Arroz Extracdo com metanol, purificacdo com sulfato de Minas Gerais Carvalho et
(1/36) cobre e celite, HPLC/FD (LOQ=0,05-0,16ug/kg) al., 2010
AFs e OTA Arroz Extracdo com metanol, purificacdo com sulfato de Rio Grande do | Nunes et al.,
OTA: (2/56)** cobre e celite, CCD/fluorescéncia Sul 2003
(AFs: LOQ=2,5ug /kg; OTA: LOQ=6ug/kg)
ABl e OTA Arroz Extracdo com metanol/agua, CCD/fluorescéncia Rio Grande do Dors et al.,
AFB1: (3/32) (AFs: LOQ=2,6pug/kg; OTA: LOQ=6,5ug/kg) Sul 2011
OTA: (4/32)
AFs e OTA Arroz Extracdo com metanol/agua, purificagdo com colunas | Varios estados | Almeida et al.,
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Micotoxinas Alimento analisado Método (LOQ/LOD) Regido ou Referéncia
(n° positivas/n® analisadas) estado
AFs: (75/166) de imunoafinidade, HPLC/FD 2012
OTA: (47/165) (AFs:LOD=0,01-0,03ug/kg; OTA: LOD=0,1pg/kg)
OTA Café Extracdo com metanol/agua, purificagdo com colunas Séo Paulo e Taniwaki et
(135/408) de imunoafinidade, HPLC/FD (LOD=0,01ug/kg) Minas Gerais al., 2003
AFs Castanha do Brasil Extracdo com acetonitrila/agua, LC-MS/MS Norte e Pacheco &
(NR/40) (LOQ=0,08-0,12 pg/kg) Nordeste Scussel, 2007
AFs Castanha do Brasil Extracdo com acetonitrila/agua, CCD/fluorescéncia Amazonas Pacheco et
(5/30) (LOQ=0,45-0,5 pa/kg) al., 2010
AFs e OTA Chocolate e derivados Extracdo com metanol/agua, purificagdo com colunas Séo Paulo Copetti et al.,
AFs: (97/125) de imunoafinidade, HPLC/FD (LOD=0,01ug/kg) 2012
OTA: (123/125)
AFs Figos desidratados (11/19) e Extracdo com metanol/agua, purificacdo com colunas Séo Paulo lamanaka et
uvas passas (3/19) de imunoafinidade, HPLC/FD (LOD=0,1-0,2ug/kg) al., 2007
AFs e OTA Farinha de trigo Extracdo com metanol, purificacdo com sulfato de Rio Grande do | Vieira et al.,
OTA: (3/54)** cobre e celite, CCD/fluorescéncia (LOQ=NR) Sul 1999
AFs e OTA Produtos de milho Extracdo com metanol, purificacdo com sulfato de Pernambuco | Kawashima &
AFs: (5/74)* cobre e celite — CCD/fluorescéncia Soares, 2006
(AFs:LOQ=1pg/kg; OTA: LOQ=10 ug/kg)
AFs Produtos de milho Extragdo com metanol, purificacdo com sulfato de Parana Amaral et al.,
(7/123) cobre e celite, CCD/fluorescéncia 2006
(LOD=0,5-3,2ug/kg)
AFs Produtos de milho Extragdo com metanol, purificacdo com sulfato de Distrito Caldas &
(0/38) cobre e celite, CCD/fluorescéncia (LOQ=1pg/kg) Federal Silva, 2007

AFs=AFB1, AFB2, AFG1, AFG2; CCD = cromatografia em camada delgada; HPLC/FD= cromatografia liquida de alta eficiéncia com

detector fluorescéncia; LC-MS/MS=cromatografia liqguida com detector de massas; NR=nédo reportado; * OTA nao foi detectada nas

amostras analisadas; ** AFs nao foram detectadas nas amostras analisadas;
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Quadro 2 - Limites méaximos (LM) para aflatoxinas e OTA em alimentos destinados

ao consumo humano no Brasil.

Micotoxina Alimento LM, pg/kg
AFM1 Leite fluido 0,5
Leite em po S
Queijos 2,5
AFB1+AFB2+ | Cereais e formulas destinadas a alimentacéao infantil 1
AFG1+AFG2 | Cereais e derivados (exceto milho), feijao, produtos de 5
cacau e chocolate
Nozes, pistaches, avelds, améndoas, frutas 30
desidratadas e secas, castanha do Brasil (sem casca
e consumo direto), améndoas de cacau
Castanha do Brasil (sem casca, processamento 15
posterior)
Castanha do Brasil (com casca, consumo direto), 20
especiarias, amendoim (com casca, descascado, cru
ou tostado), pasta de amendoim, manteiga de
amendoim, milho, milho em gréo, farinhas ou sémolas
de milho
OTA Vinho e derivados, suco de uva e polpa de uva, 2
alimentos a base de cereais para alimentacéao infantil
Produtos de cacau e chocolate 5
Cereais e produtos de cereais (inclusive cevada 10
malteada), feijdo, café torrado (moido ou gréo) e café
solavel, améndoa de cacau, frutas secas e
desidratadas
Especiarias 30

Fonte: RDC n°7 de 18 de fevereiro de 2011 (Brasil, 2011).

Além das resolugdes sobre os LMs para micotoxinas em alimentos, ainda

existem outras legislagdes no Brasil que tratam sobre as ferramentas de prevengao

da producéo de micotoxinas em alimentos, como as Boas Praticas Agricolas (BPA) e

de Fabricacédo (BPF). A Instrucdo Normativa n°66/2003 do Ministério da Agricultura,
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Pecuaria e Abastecimento (MAPA), determina, entre outras coisas, que 0s agentes
da cadeia produtiva de castanha do Brasil, amendoim, milho, pimenta-do-reino, café,
feijdo, trigo, soja, frutas e hortalicas frescas, processadas, semi € minimamente
processadas deverdo adotar os sistema de Boas Praticas e de controle de
contaminantes e residuos (Brasil, 2003a). O Ministério da Saude (MS) tornou
obrigatéria a adocdo das BPF em estabelecimentos produtores de alimentos
(Portaria n°1428/1993) e a RDC n°172/2003 dispde sobre regulamento técnico de
BPF em estabelecimentos industriais de amendoim e derivados (Brasil, 1993; Brasil,
2003b).

2.5 CONTAMINACAO MUNDIAL DE ALIMENTOS POR AFLATOXINAS

A incidéncia de aflatoxinas e ocratoxina A em alimentos tem sido reportada
em diversos paises. No Quadro 3, temos alguns dos trabalhos publicados nos
altimos 5 anos. Ao contrario do que aconteceu no Brasil, as analises de micotoxinas
foram realizadas, em sua maioria, utilizando metodologias analiticas mais sensiveis,
como HPLC/FD e LC-MS/MS. A incidéncia de AFs e OTA encontradas nestes
trabalhos (5-100%) foi maior que a reportada no Brasil, provavelmente porque as
metodologias analiticas apresentaram LOQs bem menores (0,04-5,0ug/kg). Paises
como Malasia, Republica Democratica do Congo, China e Nigéria, apresentaram 0s
niveis mais altos de contaminacao por aflatoxinas, chegando a 1482ug/kg (Kamika &
Takoy, 2011). Um fato interessante reportado foi que entre as amostras de manteiga
de amendoim analisadas na China (Huang et al., 2010), 30,3% e 6,1% estavam
contaminadas com AFM1 e AFM2, respectivamente. Os autores relataram que, de
acordo com as informacdes contidas nos rotulos dos produtos analisados, nenhuma

amostra continha leite ou qualquer derivado lacteo na sua formulacéo.



Quadro 3 — Aflatoxinas e ocratoxina A em alimentos comercializados em diversos paises.
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Micotoxinas Alimento analisado Método (LOQ/LOD) Pais Referéncia
(n°® positivas / n° analisadas)
AFB1 Amendoim IAC, CCD/fluorescéncia Republica Kamika &
(43/60) (LOD=1pug/kg) Democrética do Takoy, 2011
Congo
AFs Amendoim e derivados, castanhas, IAC, HPLC/FD Malasia Leong et al.,
nozes, produtos de panificagao e (LOD=0,4-0,6g/kg) 2010
confeitaria
(32/196)
AFs Amendoim e derivados, nozes, pinhao, SPE, HPLC/FD Coréia do Sul Chun et al.,
améndoa, castanhas e pistache Confirmacao por LC-MS/MS 2007
(9/85) (LOQ=0,15-5,0pg/kg)
AFs Amendoim e manteiga de amendoim SPE, LC-MS/MS China Huang et al.,
(50/73) (LOQ=0,01-0,23 ug/kg) 2010
AFs Arroz IAC, HPLC/FD Ira Mazaheri,
(59/71) (LOD = 0,07-0,4pg/kg) 2009
AFB1, AFB2 Arroz IAC, HPCL/FD Canada Bansal et al.,
e OTA AFB1: (99/199) Confirmacéo por LC-MS/MS 2011
AFB2: (23/100) (AFs: LOQ = 0,05ug/kg; OTA:
OTA: (44/199) LOQ=0,2ug/kg)
AFs e OTA Arroz Extragdo com metanol, ELISA Turquia Aydin et al.,
AFs: (56/100) (LOD=1,0ug/kg) 2011
OTA: (42/100)
AFs e OTA Arroz Extracdo com acetonitrila, Nigéria Makun et al.,
AFs: (21/21) HPLC/DAD 2011
OTA: (14/21) (AFs: LOD=0,01-0,06pug/kg; OTA:
LOD=0,0002ug/kg)
AFB1 Arroz, milho, farinha de trigo, amendoim Extracdo com metanol, ELISA China Sun et al.,
e Oleo vegetal (amendoim e soja) (LOD=0,1ng/kg) 2011

(209/209)
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Micotoxinas Alimento analisado Método (LOQ/LOD) Pais Referéncia
(n° positivas / n° analisadas)
AFs Arroz, milho, trigo, cevada, sorgo e IAC, HPLC/FD Tunisia Ghali et al.,
derivados (LOD = 0,02-0,05ug/kg) 2010
(62/180)
AFB1 e OTA Cereais matinais IAC, HPLC/FD Grécia Villa &
AFB1: (31/55) (LOD = 0,02ug/kg) Markaki,
OTA: (33/55) 2009
AFs Frutas desidratadas, amendoim, IAC, HPLC/FD Paquistao Luttfullah &
castanhas e pinhao (LOD=0,5-1,0pg/kg) Hussain,
(53/180) 2011
AFs e OTA | Nozes e derivados, frutas secas, cereais IAC, HPLC/FD Italia Imperato et
e derivados, leguminosas e café Confirmacéo por LC-MS/MS (AFs: al., 2011
AFs: (15/297) LOQ=0,04-0,22ug/kg; OTA:
OTA: (7/48) LOQ=1,53ug/kg)
AFB1 Produtos de arroz, trigo, milho, aveia e Extracdo com metanol, ELISA Malasia Reddy et al.,
amendoim, sementes e castanhas (LOQ=0,5ug/kg) 2011

(69/95)

AFs=AFB1, AFB2, AFG1, AFG2; CCD = cromatografia em camada delgada; IAC = coluna de imunoafinidade; SPE= extracdo em

fase sélida; HPLC/FD= cromatografia liquida de alta eficiéncia com detector fluorescéncia; HPLC/DAD= cromatografia liquida de

alta eficiéncia com detector de arranjo de diodos; LC-MS/MS=cromatografia liquida com detector de massas; ELISA = teste
imunoenziméatico (Enzyme-Linked Immunoabsorbent Assay).
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2.6 MICOTOXINAS E LEITE MATERNO

O leite humano contém um 6timo balanco de gorduras, carboidratos e
proteinas para o desenvolvimento dos bebés, sendo considerada a melhor fonte de
nutricdo para recém-nascidos (AAP, 2012). Estudos tém mostrado que a
amamentacao fornece uma gama de beneficios para o crescimento, imunidade e
desenvolvimento dos bebés, reduz a incidéncia de doencas cronicas e mortalidade,
além de trazer indmeros beneficios para a saude da méae (Lawrence, 1997; Hanson
et al., 2002; Jones et al., 2003; WHO 2006). No entanto, é possivel que
contaminantes aos quais a mae foi exposta, como as micotoxinas, sejam
transferidos para o leite materno, na sua forma original ou como metabdlitos
(Landrigan et al., 2002; Sherif et al., 2009).

As criancas sdo mais vulneraveis que os adultos aos efeitos dos
contaminantes, pois sdo consideradas mais susceptiveis. A razdo desta maior
suscetibilidade se deve ao fato das criancas possuirem uma elevada taxa
metabdlica, baixo peso corporeo, baixa habilidade de detoxificacdo e o incompleto
desenvolvimento de alguns 6rgdos e tecidos, principalmente do sistema nervoso
central (WHO, 2006). Existe uma crescente preocupacdo quanto a presenca de
contaminantes no leite materno, bem como sobre as consequéncias para a saude
das criancas advindas da ingestdo destes compostos, principalmente durante a fase
em que o leite é sua Unica fonte de alimentacdo. O constante desenvolvimento de
métodos analiticos de identificacdo e quantificacdo de contaminantes no leite, bem
como a avaliacdo do risco da exposicao do lactente sdo, portanto, imprescindiveis.

Os métodos atualmente utilizados para determinacdo de micotoxinas em leite
materno baseiam-se, em sua maioria, na extracdo com solventes organicos,
purificacdo cromatografica em fase sélida ou imunoafinidade, combinada com HPLC
de fase reversa e detector de fluorescéncia, com ou sem derivatizagao (Dostal et al.,
2008; Galvano et al., 2008; Gurbay et al., 2009, 2010; Navas et al., 2005;
Polychronaki et al., 2007a). A utilizacdo de detectores de massa para analise ou
confirmagdo de micotoxinas no leite materno foi relatada apenas por Mundz et al.
(2010), embora esta técnica seja aplicada para determinacdo de micotoxinas no leite
de vaca (Cavaliere et al., 2006; Wang et al., 2011).

No Quadro 4 encontram-se dados de trabalhos publicados, no Brasil e no

mundo, acerca da presenca de micotoxinas no leite  materno.



Quadro 4 — Micotoxinas no leite materno.
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Micotoxinas

Amostras positivas/analisadas
(faixa de concentracéao)

Método (LOQ/LOD)

Pais

Referéncia

AFs, AFM1,
AFM2 e
aflatoxicol

AFM1: 59/264 (0,02-1,8ng/mL)
AFM2: 18/264 (0,01-2,07ng/mL)
AFB1: 17/264 (0,13-8,2ng/mL)
Aflatoxicol: 3/264 (0,06- 0,2ng/mL)
AFB2: 2/264 (0,04-0,05ng/mL)

ELL, HPLC/FD
(LOQ/LOD=NR)

Gana

Lamplugh et al.,
1998

AFM1

16/84
(0,02-1,7ng/mL)

SPE, HPLC/FD
(LOD=0,01ng/mL)

Australia e
Tailandia

El-Nezami et al.,
1995

AFB1, AFM1
e OTA

OTA: 198/231 (0,006-0,008ng/mL)
AFM1: 1/231 (0,194ng/mL)
AFB1: 1/231 (0,11ng/mL)

IAC, HPLC/FD
(LOD=0,0005-0,005ng/mL)

Italia

Turconi et al., 2004

AFM1 e OTA

AFML1: 1/50 (0,024ng/mL)
OTA: 2/50 (0,011-0,024ng/mL)

IAC, HPLC/FD
(LOQ=0,01ng/mL)

Brasil

Navas et al., 2005

AFs e AFM1

AFM1: 248/443(0,0042-0,889ng/mL)
AFG1*: 30/443
AFB2*: 12/443
AFB1*: 9/443
AFG2*: 7/443

SPE, HPLC/FD
(LOD=0,0042ng/mL)

Eqgito

Polychronaki et al.,
2007a

AFM1 e OTA

AFM1: 5/82 (0,007-0,14ng/mL)
OTA: 61/82 (0,005-0,405ng/mL)

IAC, HPLC/FD
(0,005-0,007ng/mL)

Italia

Galvano et al.,
2008

OTA

9/76 (0,0023-0,0603ng/mL)

ELL, HPLC/FD
(LOD=0,005ng/mL)

Eslovaquia

Dostal et al., 2009

OTA

75/75 (0,6-13,1ng/mL)

ELL, HPLC/FD
(LOD=0,01ng/mL)

Turquia

Gurbay et al., 2009

AFM1 e AFB1

AFM1: 75/75 (0,06-0,29ng/mL)
AFB1: 75/75 (0,09-4,12ng/mL)

ELL, HPLC/FD
(LOD=0,05ng/mL)

Turquia

Gurbay et al., 2010

OTA e OTa

OTA: 11/11 (0,044-0,184ng/mL)
OTa: 11/11 (0,04-0,1ng/mL)

ELL, HPLC/FD
Confirmacgao por LC-MS/MS
(LOD=0,03-0,04ng/mL)

Chile

Mufoz et al., 2010
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Micotoxinas Amost_ras positivas/anal[sadas Método (LOQ/LOD) Pais Referéncia
(faixa de concentracéao)
AFM1 157/160 (0,0003-0,0267ng/mL) ELISA Ird Sadeghi et al.,
(LOD/LOQ=NR) 2009
AFM1 20/182 (0,005-0,008ng/mL) ELISA Ird Mahdavi et al.,
(LOD=0,005ng/mL) 2010
AFM1 8/132 (0,007-0,01ng/mL) ELISA Ird Ghiasian &

(LOD=0,005ng/mL)

Maghsood, 2012

AFs=AFB1, AFB2, AFG1, AFG2; ELL = extracdo liquido-liquido; IAC = coluna de imunoafinidade; SPE= extracdo em fase sélida;

HPLC/FD= cromatografia liquida de alta eficiéncia com detector fluorescéncia; LC-MS/MS=cromatografia liquida com detector de

massas; ELISA = teste imunoenzimatico (Enzyme-Linked Immunoabsorbent Assay); NR= ndo reportado; *avaliacdo qualitativa.
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2.7 VALIDACAO DE METODOLOGIAS ANALITICAS

A validacdo de metodologias analiticas é de extrema importancia para a
determinacdo da concentracdo de contaminantes. O processo de validacdo €
constituido de uma série de estudos experimentais que objetivam avaliar o
desempenho de um ensaio laboratorial e sua adequacédo a finalidade pretendida
(EURACHEM, 1998; Thompson et al., 2002; MAPA, 2011). Validar um procedimento
analitico significa assegurar que o procedimento desenvolvido € adequado ao
objetivo proposto, ou seja, que os resultados gerados pelo laboratério séo confiaveis
e rastreaveis (INMETRO, 2010; MAPA, 2011). A validagdo é um processo continuo
e, portanto, a adequa¢do de uma metodologia analitica aos requisitos de qualidade
deve ser periodicamente avaliada (Thompson et al., 2002).

Existem diversos protocolos, nacionais e internacionais, que estabelecem
quais parametros devem ser avaliados no decorrer do processo de validacao, além
de definir alguns dos critérios de aceitacdo das metodologias. Os parametros
comumente avaliados s&o: seletividade, linearidade, limite de quantificacéo,
recuperacéo (tendéncial/veracidade), preciséo e robustez (Brasil, 2003c; INMETRO,
2010; MAPA, 2011; Thompson et al., 2002; EURACHEM, 1998).

A seletividade é o parametro que assegura que a presenca de interferentes
nao prejudicara o desempenho do ensaio, ou seja, o método desenvolvido sera
capaz de separar o analito de interesse de substancias analogas como impurezas,
metabdlitos, produtos de degradacdo da matriz e isdbmeros do analito (INMETRO,
2010; Thompson et al., 2002; MAPA; 2011). A seletividade pode ser avaliada através
da comparacdo de cromatogramas da amostra com e sem o analito, sendo que
outras substancias ndo devem eluir no mesmo tempo de retencdo do analito
(INMETRO, 2010; Ribani et al., 2004).

O MAPA considera os estudos de efeito de matriz como parte do estudo de
seletividade, pois através destes experimentos € possivel verificar alteragfes na
resposta do instrumento (aumento/diminuicdo de sinal) em fungéo de interferéncias
causadas pelas substancias que compode a matriz (MAPA, 2011). Bruce et al. (1998),
propdem que o efeito de matriz pode ser avaliado através da comparacdo da média
das respostas obtidas através de curvas analiticas construidas em solvente e matriz.
Desta maneira, se o teste de comparacado de médias das respostas obtidas para os

pontos das curvas de calibracdo (solvente e matriz) for significativo, é possivel
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concluir que a matriz exerce influéncia na resposta gerada e, portanto, as analises
devem ser conduzidas utilizando curvas em matriz. Se o teste n&o for significativo,
curvas preparadas em solvente podem ser utilizadas.

A linearidade é a capacidade de uma metodologia em fornecer uma relacao
direta entre a concentragdo do analito na amostra e a resposta instrumental
(INMETRO, 2010; MAPA, 2011). A linearidade pode ser verificada através da
construcdo de curvas de calibracdo e posterior analise do grafico de residuos
produzidos pela regressdo (MMQ — método dos minimos quadrados), avaliacdo do
coeficiente de determinacdo (R?) da reta e avaliacdo estatistica da significancia da
regressao (ANOVA; INMETRO, 2010; Thompson et al., 2002).

O limite de quantificacdo (LOQ) representa a menor concentracdo do analito
gue pode ser medida por um procedimento analitico (INMETRO, 2010; Ribani et al.,
2004). Na determinacdo do LOQ, é importante assegurar que 0s critérios de
precisdo e recuperacao sejam atendidos neste nivel de concentracdo do analito. O
LOQ pode ser obtido pelo método da relacao sinal-ruido, ou seja, amostras com e
sem adicdo do analito (fortificadas e branco) sdo analisadas e o LOQ é definido
como a concentracdo da substancia que gera uma resposta pelo menos 10 vezes
maior que a resposta obtida pela andlise do branco da amostra (Ribani et al., 2004).

Tendéncia e veracidade sao termos adotados respectivamente pelo
INMETRO e MAPA para definir o parametro de validacdo que tem como objetivo
mensurar quao proximo o valor medido experimentalmente esta do valor tido como
referéncia (INMETRO, 2010; MAPA, 2011). Esta propriedade pose ser avaliada
através da realizacdo de experimentos de recuperacao, utilizacdo de materiais de
referéncia certificados (MRC) e participacdo em ensaios interlaboratoriais
(proficiéncia). A andlise de amostras fortificadas com concentracdes conhecidas do
analito de interesse pode ser utilizada para estimar a recuperacao do procedimento
analitico realizado (INMETRO, 2010).

A precisdo de um método € a estimativa da dispersao de resultados de testes
independentes, conduzidos sob condi¢cbes definidas, sendo expressa, geralmente,
em termos do desvio padrdo (SD) ou desvio padréo relativo (RSD; Thompson et al.,
2002; MAPA, 2011). Avaliacdo da repetitividade, precisdo intermediaria e
reprodutibilidade sao formas de mensurar a precisdo de uma metodologia analitica
(INMETRO, 2010; MAPA, 2011). A repetitividade pode ser medida através da

analise de replicatas de amostras fortificadas, submetidas as mesmas condi¢des de
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medicdo (analista, dia e equipamentos iguais). Para obter a precisdo intermediéria,
entretanto, um destes parametros € alterado. A estimativa da reprodutibilidade de
um meétodo s6 é possivel mediante participacdo em ensaios de proficiéncia
(INMETRO, 2010; MAPA, 2011).

A robustez visa avaliar a sensibilidade das respostas analiticas a pequenas
variagcdes nas condi¢cdes experimentais do procedimento estabelecido (Thompson et
al., 2002; MAPA, 2011). Uma das maneiras de verificar a robustez de um método &
através da realizacdo de planejamentos fatoriais (INMETRO 2010; MAPA, 2011).
Com os dados obtidos nestes planejamentos é possivel identificar quais fatores
influenciam significativamente o resultado da medicdo, através de um numero
reduzido de experimentos (Neto et al., 2010; MAPA, 2011). Resultados de
planejamentos fatoriais obtidos durante o processo de otimizacdo da metodologia
podem ser utilizados como um estudo prévio da robustez do procedimento analitico
(MAPA, 2011).

2.8 AVALIACAO DO RISCO

Considerando os trabalhos citados anteriormente € possivel perceber que a
contaminacdo de alimentos por micotoxinas e, conseqguentemente, a exposicao
humana pode ser extremamente variavel, tanto entre regiées, quanto entre periodos
do ano diferentes. Williams et al (2004) consideram que a prevaléncia da exposi¢cao
a aflatoxinas deve ser dividida em 2 grupos, paises desenvolvidos e paises em
desenvolvimento, pois acreditam que a contaminacdo de alimentos por aflatoxinas
nao é facilmente prevenida sem investimentos significativos na infraestrutura de
producdo, secagem e armazenamento. Desta maneira é imprescindivel a realizacéo
de um processo completo e continuo de avaliacdo do risco para determinar o
verdadeiro impacto da exposi¢céo a aflatoxinas através da dieta na satde humana.

A avaliagdo do risco é um processo de base cientifica que tem como objetivo
calcular/estimar o risco do desenvolvimento de determinado efeito adverso em um
organismo alvo, sistema ou (sub)populacdo, ap0s a exposicdo a um agente
particular. ldentificacdo e caracterizacdo do perigo, avaliacdo da exposicdo e

caracterizagao do risco sao etapas da avaliagéo de risco (IPCS, 2004).
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O risco é definido como a probabilidade da ocorréncia de um efeito adverso
em um organismo, sistema ou (sub)populacdo causado pela exposi¢cdo a um agente
sob condi¢cdes especificas (IPCS, 2004). O risco é funcdo da toxicidade e da
exposicao (Jardim & Caldas, 2009). A primeira etapa a ser desenvolvida no
processo de avaliagdo do risco é a identificagdo do dano/perigo. Nesta etapa
identifica-se o tipo e a natureza dos efeitos adversos que a substancia tem
capacidade de causar a saude humana (IPCS, 2004). Estas informacdes podem ser
obtidas através de testes in vitro, estudos com animais de laboratério e seres
humanos, além da utilizacdo da relacdo estrutura molecular e atividade (Jardim &
Caldas, 2009).

A partir do conhecimento dos efeitos adversos causados pela exposicéo,
deve-se tentar estabelecer uma relacdo quantitativa entre a exposicao e a incidéncia
de resposta do efeito adverso avaliado (IPCS, 2009). A avaliagdo de experimentos
com animais de laboratério € a principal fonte utilizada na obtencdo de informacdes
sobre a caracterizacdo da relacdo dose-resposta de substancias potencialmente
toxicas presentes nos alimentos (Jardim & Caldas, 2009). Com os resultados obtidos
€ possivel estabelecer parametros de ingestdo segura (cronica e aguda) de
contaminantes para o0 homem. Alguns dos parametros existentes sdo: ingestéo
diaria aceitavel (IDA), ingestdo diaria toleravel maxima proviséria (PMTDI —
Provisional Maximum Tolerable Daily Intake), ingestédo toleravel semanal proviséria
(PTWI — Provisional Tolerable Weekly Intake) e dose de referéncia aguda (ARfD —
Acute Reference Dose).

E importante ressaltar que, para substancias genotéxicas, ndo € possivel
estabelecer uma dose de ingestdo segura, pois a exposicdo a uma unica molécula
pode iniciar o processo de mutacdo genética. Portanto, para essa classe de
substéancias, que inclui as aflatoxinas, é recomendavel que a exposicao seja mantida
ao nivel mais baixo possivel (ALARA — As Low As Reasonably Achievable; IPCS,
2009). No caso particular das aflatoxinas foi possivel determinar o fator de poténcia
carcinogénica, ou seja, o0 numero de casos adicionais de cancer devido a certo nivel
de exposicao as aflatoxinas. O fator de poténcia carcinogénica estimado pelo JECFA
é de 0,01 cancer/10° habitantes/ano/ng aflatoxina/kg pc/dia para ndo portadores do
virus da hepatite B (HBsAg) e de 0,3 cancer/10° habitantes/ano/ng aflatoxina/kg
pc/dia para portadores (HBsAg™; WHO, 1999).
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A avaliacdo da exposicdo, terceira etapa da avaliacdo do risco, é definida
como a estimativa qualitativa e/ou quantitativa da ingestdo provavel de agentes
bioldgicos, quimicos ou fisicos através da dieta, bem como a exposicédo por outras
fontes, se relevante (CAC, 2008). No caso de contaminantes de alimentos, a
avaliacdo da exposicdo atraveés da dieta leva em consideragdo a ocorréncia e
concentracdo de uma substancia quimica na dieta e o padrdo de consumo dos
alimentos que podem conter esta substancia. Geralmente, estabelece-se uma faixa
de ingestdo do contaminante, ou seja, determina-se o consumo da populacéo total
(média da populagéo) e de apenas consumidores do alimento em questédo (altos
consumidores; IPCS, 2009).

A estimativa da exposicdo humana a contaminantes através da dieta € obtida
através da combinacdo de dados do consumo de alimentos com dados da

concentracéo, de acordo com a equagéo abaixo (FAO/WHO, 2005):

Y.(Concentragdo do contaminante no alimento X Consumo do alimento)

Ingestdo = -
g Peso corporeo

Existem diversas maneiras de obter dados da concentracdo de contaminantes
na dieta e a escolha do método utilizado é baseada no objetivo do estudo. Podem-se
utilizar limites legais como LM (Limite Maximo) e LMR (Limite Maximo de Residuos)
ou dados obtidos através de estudos de monitoramento (IPCS, 2009). Neste tipo de
estudo, as amostras sdo coletadas no comércio, de acordo com planos amostrais
especificos, e analisadas no laboratério (Jardim & Caldas, 2009). Os dados de
concentracdo obtidos sdo gerados a partir da anadlise do alimento como
comercializado e ndo como consumido, assim é recomendavel a utilizacdo de
fatores de processamento para corrigir o nivel de concentracdo do contaminante no
alimento e, desta maneira, fornecer valores de ingestdo mais realistas (Jardim &
Caldas, 2009; IPCS, 2009).

Os dados de concentracao utilizados na estimativa da exposicdo devem ser
provenientes de fontes confiaveis e, portanto, é aconselhavel que a metodologia
utilizada na analise do contaminante no alimento seja validada de acordo com
protocolos internacionalmente aceitos (IPCS, 2009). Outro fator importante é a
maneira como o0s resultados descritos como menores que o LOQ ou LOD séo

7

tratados. Uma abordagem comumente utilizada é a adocdo de dois limites da
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estimativa: o inferior (lower bound), onde as amostras menores que o LOQ/LOD séo
consideradas como zero e o superior (upper bound), com amostras ndo detectadas
consideradas como Y2 LOQ. Além disso, as metodologias utilizadas devem ser
capazes de medir concentracfes extremamente baixas do contaminante, isto €, 0
LOQ do método analitico deve ser o mais baixo tecnicamente possivel. Este detalhe
€ extremamente importante na conducgdo de avaliagBes da exposicao, pois se o LOQ
nao é suficientemente baixo existe a possibilidade de o risco ser superestimado no
estabelecimento do limite superior (IPCS, 2009).

O consumo dos alimentos pode ser obtido através de dados de suprimento de
alimentos, disponibilidade de alimentos no domicilio, consumo individual ou estudos
de dieta duplicada (Jardim & Caldas, 2009). Quando possivel, os dados de peso
corporeo devem estar diretamente relacionados aos valores de consumo do
individuo. Entretanto, quando estes dados néo estiverem disponiveis pode-se utilizar
0 peso médio da populagdo em estudo (IPCS, 2009).

Dados de suprimentos de alimentos sdo obtidos através de balancetes
agricolas e, refletem a disponibilidade, por habitante, do alimento ndo processado
(IPCS, 2009). Um exemplo deste tipo de abordagem sédo as 13 dietas cluster do
GEMs/Food (Global Environmental Monitoring System), utilizadas pelo JMPR (Joint
FAO/WHO Meeting on Pesticide Residues) e JECFA (Joint FAO/WHO Expert
Committee on Food Additives), para o calculo de exposicdo crénica as substancias
quimicas.

Informacdes acerca da disponibilidade de alimento no domicilio representam
a quantidade de alimento adquirida pela familia durante determinado periodo,
porém, nao informam a distribuicdo do consumo entre os individuos, consumo fora
da residéncia e nem a quantidade de alimentos desperdicada (IPCS, 2009). A
Pesquisa de Orcamento Familiar (POF), conduzida periodicamente no Brasil pelo
IBGE (Instituto Brasileiro de Geografia e Estatistica), coleta dados, durante sete
dias, acerca da aquisicdo de alimentos pelo domicilio (compra, doacdo e producgéo
propria). Durante a POF também sdo coletadas informac6es como idade, sexo e
peso corporeo dos moradores de cada residéncia. Além disso, na ultima POF
(2008/2009), também foram coletados dados de consumo individual de 30% dos
domicilios visitados, para individuos a partir de 10 anos (IBGE, 2011).

A utilizagdo do consumo individual como fonte de dados permite acessar o

consumo de subgrupos especificos da populacéo, sendo considerada a fonte ideal
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para avaliar a exposicdo humana a contaminantes atraves da dieta. Estes dados
podem ser obtidos através do registro individual do consumo durante determinado
periodo, recordatorio 24h e questionario de frequéncia alimentar (QFA; IPCS, 2009).
Finalmente, dados de consumo também podem ser obtidos através da dieta
duplicada, onde uma segunda porcao do alimento consumido por cada individuo é
pesada (Jardim & Caldas, 2009).

A combinacao dos dados de contaminacdo e consumo pode ser realizada de
duas maneiras diferentes, ou seja, através dos modelos deterministico ou
probabilistico. No primeiro, valores pontuais de concentracdo e consumo, como a
média, sdo utilizados no calculo de ingestdo. Ja no segundo, a exposicao é simulada
através de modelos matematicos que retiram valores aleatérios de concentracdo e
consumo para construir uma curva de distribuicdo da exposicéo, fornecendo, desta
maneira, resultados mais realistas (IPCS, 2009).

Na dUltima etapa do processo, caracterizagdo de risco, estima-se a
probabilidade de ocorréncia de um determinado efeito adverso, causado por certo
agente, em um organismo ou populacéo, sob condi¢cbes especificas. (IPCS, 2004).
Para substancias nao genotdxicas, compara-se a ingestdo calculada com o
parametro de ingestdo segura e, caso 0 primeiro seja maior que o segundo, conclui-
se que o agente analisado pode oferecer risco a populacdo estudada. No caso de
substancias genotoxicas, a utilizacdo do principio ALARA, céalculo do risco de cancer
e da Margem de Exposicdo (MOE) sédo algumas das opcbes para a caracterizacao
do risco (IPCS, 2009).

Apbs a conclusédo da avaliacdo do risco, pode-se passar para a analise do
risco, processo que envolve, além da avaliacdo, as etapas de gerenciamento e
comunicacdo do risco. O gerenciamento do risco leva em consideracdo as
evidéncias cientificas levantadas na avaliagcdo do risco, fatores politicos, sociais e
econdmicos na tomada de decisédo por agéncias reguladoras. Ja a comunicagao do
risco € a parte do processo onde ocorre a troca de informacgdes sobre o risco entre
avaliadores, gerenciadores, midia e grupos de interesse publico (IPCS, 2004). A
analise e avaliacdo do risco ndo sdo definitivas e, portanto, a medida que novas

evidéncias sao descobertas todo o processo deve ser reavaliado (IPCS, 2009).
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3. OBJETIVOS

O objetivo geral deste trabalho foi avaliar a exposi¢cao de adultos a aflatoxinas
através da dieta e a exposicéo de lactentes a aflatoxinas e ocratoxina A através do
consumo de leite materno. Os objetivos especificos foram:

e Avaliar o risco da exposicdo da populacdo brasileira as aflatoxinas na

dieta;

e Desenvolver e validar metodologia para a determinacdo conjunta de
aflatoxinas (AFB1, AFB2, AFG1, AFG2 e AFM1) e ocratoxina A no leite
materno;

e Avaliar o risco da ingestao diaria de micotoxinas por criangas que recebem

leite de doadoras da Rede de Bancos de Leite do Distrito Federal.
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Abstract

A preliminary dietary exposure assessment for aflatoxins (AFs; AFB1, AFB2, AFG1
and AFG2) was conducted to evaluate the potential carcinogenic risks for the
Brazilian population. AF concentration data in food were obtained from analysis
reports issued by the Central Public Health Laboratory of the Federal District
(LACEN-DF) and from published work. Food consumption and body weight (bw) data
were obtained from a national survey conducted in 2008/2009. Cancer risks arising
from exposure to aflatoxins were assessed using the carcinogenic potency of AFs
estimated by the JECFA, and hepatitis B virus prevalence in the Brazilian population.
Additionally, margins of exposure (MOE) were also calculated for the various
scenarios investigated. A total of 942 food samples were analyzed for AFs in the
Federal District between 2002 and 2011 with 4.5% of them being positive for at least
one aflatoxin (LOQ=2ug/kg). The highest percentage of contamination was found in
peanuts (8.1%) and Brazil nuts (6.0%), with mean levels ranging from 6.7pg/kg in
peanut products to 36.9ug/kg in Brazil nuts. Most of the studies conducted elsewhere
in Brazil found similar results. Total AF intake for the total Brazilian population and
high consumers of food relevant for AF contamination in Brazil (upper bound;
samples < LOQ=1/2 LOQ ) were 6.8 and 27.6 ng/kg bw/day, respectively. Cancer
risk reached 0.0753 cancers/year/10° individuals for the total population and 0.3056
cancers/year/10° individuals for high consumers. MOE reached 25 and 6 for the total
population and high consumers, respectively, indicating a potential risk for
consumers. Aflatoxins are genotoxic carcinogens, and government actions should be
maintained and continuously improved in order to guarantee that human exposure

levels are kept as low as possible.

Keywords: aflatoxins; exposure assessment; cancer risk; Brazil.
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Introduction

Mycotoxins are toxic secondary metabolites produced by a range of fungi, and
can be found in a wide variety of agricultural commodities, contaminated either
before and/or after harvesting (Frisvad, Andersen et al. 2007; Magan and Aldred
2007). Mycotoxins can affect human health in several ways, some being acutely
toxic, some chronically toxic and others both (Frisvad, Thrane et al. 2007).

Aflatoxins (AFs) are considered the most important group of mycotoxins in the
world food supply. They are produced in nature primarily by the fungi Aspergillus
flavus and Aspergillus parasiticus, and are often found in crops like maize, peanuts
and cottonseed (Pitt and Hocking 2009). Aflatoxin B1 and naturally occurring
mixtures of AFs (AFB1, AFB2, AFG1l, AFG2) have been classified by the
International Agency for Research on Cancer (IARC) as carcinogenic to humans
(IARC 1993) and are considered one of the most potent mutagenic and carcinogenic
substances known (WHO 1999). Additionally, AFs have been shown to cause acute
liver damage, liver cirrhosis, immunosuppression and can interfere with protein
uptake (Williams et al. 2004; Kuniholm et al. 2008). Data obtained from
epidemiological studies have shown a positive correlation between AFB1 exposure
and liver cancer, a risk that can be increased by a number of factors, mainly the
presence of hepatitis B virus (Liu et al. 2012). Carcinogenic potency of AFs is 30
times higher for populations with hepatitis B virus (HBsAg"; WHO 1999).

Complete elimination of mycotoxins from the food supply is quite difficult, and
risk management strategies to reduce human exposure include the enforcement of
legislation and regulation to guarantee that consumers are getting safe food (Nielen
and Marvin 2008). The Codex Alimentarius recommends that exposure to AFs
should be as low as reasonably achievable, and adoption of Good Agricultural
Practices (GAP) and Good Manufacturing Practices (GMP) are important tools to
achieve a considerable reduction in AF levels in food (Codex 1995). The
establishment of regulatory limits and the implementation of monitoring programs can
also help keep mycotoxin contamination under control in the food supply. The first
Brazilian legislation on AFs was published in 1976, setting a maximum level (ML) of
30ug/kg for AFB1+AFG1 for all food and feed commodities (CNNPA 1976). In 2002,
a ML of 20ug/kg for total AFs (AFB1+AFB2+AFG1+AFG2) was established for
peanuts, peanut butter, corn and corn meal for human consumption (RDC 274/2002;
ANVISA 2012). More recently, a ML of 20 ug/kg was established for in shell Brazil
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nuts and of 10 pg/kg for shelled Brazil nuts and other nuts (RDC 07/2011; ANVISA
2012).

This study aims to evaluate current data on AF contamination in the food
supply of the Federal District area and other Brazilian regions, and to estimate the
dietary exposure of the Brazilian population to aflatoxins and the cancer risks arriving

from the exposure.

Material and methods
Aflatoxin levels in food

Data on aflatoxin levels in food commercialized in the Federal District were
obtained from analysis reports issued by the Central Public Health Laboratory of the
Federal District (LACEN-DF) from 2002 to 2011. Food samples were collected (at
least 1 kg/sample) by the Federal District Health Inspection Department at various
local retail stores in the region as part of the sanitary surveillance program. Samples
were kept at ambient temperature and analyzed by the Mycotoxins Laboratory of the
LACEN-DF according to Soares and Rodrigues-Amaya (1989). In this method,
samples were extracted with methanol, re-extracted with chloroform, and analyzed by
TLC with visual detection. The method was validated at a limit of quantification (LOQ)
of 2ug/kg for each aflatoxin.

Aflatoxin data from other Brazilian regions were obtained from published
studies related to samples collected from 2002 to 2011. Weighted mean AF
concentrations for each food product in each study was estimated based on the data
provided (number of samples analyzed, number of positive samples, LOQ/LOD
reported, concentration). At the national level, estimated weighted means were
calculated considering the results of the present study. Data on corn grain were not

considered in this study as it requires considerable processing before consumption.

Food consumption data

Food consumption data were obtained from a survey conducted by the
Brazilian Institute of Geography and Statistics (IBGE 2011) from July 2008 to June
2009. The survey obtained information on the amount of food entering in 55970
Brazilian households over 7 consecutive days (household budget survey; HBS).
Within this survey, individual consumption data (2 non-consecutive days reporting)
were collected in 13569 households (about 24% of all households) from 34003
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individuals aged 10 years or older. Food consumption for the Federal District was
estimated from the HBS data obtained in 977 households as only 3 individuals
reported the food relevant for this study in the individual consumption data. For the
purpose of this study, we considered that all food that entered the household was
consumed equally by the household members 2 years or older. Consumption data for
Brazil was obtained from the individual consumption data. Body weights and age for
all household members were obtained during the survey.

The mean consumption per body weight was estimated for each food or food
group relevant for this study (peanuts, peanut products, nuts, corn products, and
rice). The mean consumption of the total population was estimated considering all
households that participated in the HBS or all individuals that provided individual
consumption data to the survey (all entries considered). To estimate the mean
consumption of high consumers, only the households (in the HBS) or the individuals
(in the individual consumption data) that reported acquiring or consuming these

products, respectively were considered (blank entries not considered).

Chronic dietary intake of aflatoxins

The total chronic intakes of AFs for the Federal District and Brazil were
estimated as the sum of the intakes for each food or food group considered in the
study (Total intake = Z [mean consumption x concentration]/body weight; FAO/WHO
2005). The lower bound (considering samples below the LOQ as 0) and upper bound
(samples below the LOQ as %2 LOQ) intakes were calculated in each case.

Carcinogenic risk of aflatoxins

The carcinogenic potency of AFs (Pestimated) @nd the cancer risk from exposure
to AFs present in the diet were estimated using Equations 1 and 2, according to the
procedure of the FAO/WHO Expert Committee on Food Additives (JECFA; WHO
1999). These estimations consider the carcinogenic potency of aflatoxins for
individuals with the hepatitis B virus (PHBsAg®™ = 0.3 cancers/year/100000
individuals) and for non-infected individuals (PHBsAg = 0.01 cancers/year/100000
individuals), the percentage of carriers (HBsAg") and non carriers (HBsAg) of the
hepatitis B virus, and the total intake calculated previously. According to the Brazilian
Ministry of Health, the prevalence of HBsAg+ in the Federal District and Brazil are
0.26% and 0.37%, respectively (Brazil 2010).
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Pestimatea = [PHBsAg* X % pop. HBsAg*] + [PHBsAg~ X % pop.HBsAg~] Egq.1

Cancer risk = Pustimatea X Total intake Eqg. 2

Margin of exposure (MOE)

The risks from the exposure to AFs were also characterized using the margin
of exposure (MOE), defined as the ratio between the total intake and a toxicological
reference, usually the lower-bound of a benchmark dose level that caused no more
than a 10% cancer incidence in rodents (BMDL10) (EFSA 2005). The larger the
MOE, the smaller the risk, and a value lower than 10 000 may indicate a potential
risk to human health (EFSA 2005).

Results
Aflatoxin levels in food

A total of 942 food samples were analyzed for aflatoxin by the LACEN-DF
between 2002 and 2011, with about 100 samples analyzed each year. A total of 42
samples (4.5%) were contaminated with at least one aflatoxin at level 2 LOQ and 28
samples had total AF levels (AFB1+AFB2+AFG1+AFG2) > 20ug/kg, the current ML
for all commodities, except shelled Brazil nut (10ug/kg) Only 2 positive samples did
not contain AFB1. None of the 129 samples analyzed in 2003 contained AFs and the
highest incidences of contamination were found in 2007 and 2008 (9.2% and 11.0%,
respectively).

The main food groups analyzed by the LACEN-DF were peanuts (38.1% of all
samples) and peanut products (31.3%). Peanuts and Brazil nuts were the products
with the highest percentage of positive samples (8.1 and 6.0%, respectively) and with
the greatest number of samples containing AFs higher than 20ug/kg (68.9 and 50.0%
of positive samples, respectively). Corn products (h= 136) and bean samples (n=3)
did not have detectable levels of AFs (< 2ug/kg for each aflatoxin). Among other nuts,
AFs were found in only one pistachio sample (352ug/kg). The mean and the range
levels of AFs in food products in the Federal District are shown in Table 1. Mean
levels of AFs in all samples ranged from 6.7ug/kg in peanut products to 36.9ug/kg in
Brazil nuts. The mean of positive samples was higher for shelled Brazil nuts. There
were two samples with more than 1000ug/kg of AFs, one of raw peanuts (1496ug/kg)
and one of shelled Brazil nuts (1972ug/kg).
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The incidence of AFs in food commercialized in the Federal District has
decreased considerably in the last decade, as shown in Figure 1. The percentage of
aflatoxin positive samples (= LOQ) dropped from around 30.0% in peanuts and
peanut products in 1996-2001 (Caldas et al. 1998; Caldas et al. 2002) to 5.7% in
2002-2011. Nuts also showed an important decrease, from 12.5% (1998-2001) to
3.4% (2002-2011). During this period, there was also a reduction in AF levels in the
products analyzed. The percentage of peanuts and peanut product samples
containing more than 30ug/kg de B1+G1 (Brazilian ML until 2002) dropped from
27.3% (1996-1998) to 2.9% (2002-2011).

The mean levels of AFs found in food analyzed in the Federal District and
other Brazilian regions in 2002-2011, which also include data on rice and corn
products, are shown in Table 2. Most of the studies are from the state of Sdo Paulo
and from the Federal District. The main groups of samples analyzed nationally were
also peanuts (29.2%) and peanuts products (27.8%), although the highest

percentage of positive samples was found in rice (37.6%).

Food consumption data

A summary of food consumption data obtained for the foods relevant to this
work is shown in Table 3. Information on corn products and rice was not relevant for
the Federal District since no corn product sample analyzed was positive, and rice
was not analyzed during the period of the study. Of the 977 households that
participated in the HBS in the Federal District, a maximum of 5 household reported
the acquisition of peanuts, peanut products, Brazil nuts and/or other nuts. When all
the surveyed households were considered (total population), the highest mean
consumption was for peanuts (0.13 g/person/day). Individual consumption data
obtained for the Brazilian population also showed low consumption of these foods
(maximum of 1.1 % of the total population reported peanut products). Most of the
individuals reported rice (95.6%), confirming the Brazilian habit of consuming rice at

least once a day.

Dietary risk assessment
The lower-upper bound intakes of AFs through the consumption of peanuts,
peanut products, Brazil nuts, other nuts, corn products and rice are shown in Table 4.

In the Federal District, total intakes for the total population and high consumers were
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0.06-0.08 and 33.3-47.1 ng/kg bw/day, respectively, with Brazil nuts contributing the
most to the intake for high consumers (54%, upper bound level). At the national level,
the intake of AFs through the consumption of corn products and rice were also
considered. For rice, a cooking processing factor of 0.7 (Je-Won et al. 2005) was
applied to the mean concentration in the country (Table 2) to determine the final
concentration to which the population is exposed to. Total intakes were 6.6-6.8 for
total population (almost 100% from rice consumption) and 16.3-27.6 ng/kg bw/day for
high consumers (55.1 % of the upper bound level from the consumption of rice and
corn products).

The risk characterizations from the exposure to AFs (cancer risk and MOE)
are shown in Table 5. While in the Federal District the cancer risk for the total
population was much lower that what was estimated at the national level (0.0009 and
0.0753 cancers/year/10° individuals, respectively), for high consumers the risk was
twice that for the entire country. The same pattern risk was found when the MOE
approach was used. MOEs ranged from 2833 (Federal District, lower risk) to 25
(Brazil) for the total population, and from 10.4 (Brazil, lower risk) to 3.6 (Federal

District) for high consumers.

Discussion

This study has shown that peanuts and peanut products remain the major food
of concern regarding AF contamination in the Federal District and in other parts of
Brazil, confirming other studies conducted in the country (Rodriguez-Amaya and
Sabino 2002; Rocha et al. 2008; Oliveira et al. 2009). Considering peanuts and
peanut products as a single group, the incidence of aflatoxin found in the Federal
District is lower (5.7%) than that reported in Sdo Paulo (44.2%) using the
HPLC/fluorescence detector method, which is 5 times more sensitive than the TLC
method used in the Federal District. The mean level of positive samples was higher
in the Federal District (123.0 pg/kg) than in the states of S&o Paulo (6.05 pg/kg;
Oliveira et al. 2009), Minas Gerais (56.4 ug/kg; Rocha et al. 2008) and Rio Grande
do Sul (16.2 pg/kg; Oliveira and Koller 2011). Peanuts and peanut products, in
addition to nuts, are not very frequently consumed by the Brazilian population, a
pattern that is also found in the WHO Cluster Diet data (Brazil is included in diet K;
WHO 2006). Peanuts and peanut products are usually more consumed during the

months of June-July in certain folkloric festivities. Brazil nuts and other nuts are
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mostly consumed during Christmas and the New Year, and are considered an
expensive food by most of the population.

Data on corn products were found only in samples from the Federal District
and the state of Parana (southern Brazil), which is the highest corn producer in the
country (IBGE 2010). However, most corn product industries are located in the
Southeastern and Southern regions of Brazil, and it is most likely that the products
analyzed in both studies are also consumed elsewhere in the country.

The incidence of AFs in food products found in the current study was similar to
that found in a study conducted with imported products in Italy (5.0%; Imperato et al.
2011) but considerably lower than those reported in Pakistan (29.4%; Luttfullah and
Hussain 2011), Malaysia (16.3%; Leong et al. 2010), and South Korea (10.5%; Chun
et al. 2007).

The decrease in AF contamination observed in food products in recent years
in the Federal District is probably a consequence of the enforcement of a Brazilian
government norm regarding the compulsory adoption of Good Manufacturing
Practices (GMP) by peanut industries as of 2003 (RDC 172/2003; ANVISA 2012).
AFs in corn products (corn meal and popcorn) do not seem to be a problem in the
Federal District, since no contamination was found in this study nor previously in the
region (Caldas and Silva 2007). Low incidence of AFs in corn products was found in
Parana state, and in other studies conducted in the country before 2002 (Bittencourt
et al. 2005; Kawashima and Soares 2006).

The calculated total AF intake for the total Brazilian population was 20 times
higher than the intake calculated for the European population (0.32ng/kg bw/day),
using consumption data from the GEMS/Food Cluster Diets and mean AF levels in
corn (unprocessed), peanuts and peanut products up to 20ug/kg (WHO 1999), and 8
times higher than in the Swedish population (0.8ng/kg bw/day; Thuvander et al.
2001). The exposure was also much higher than in the Japanese population (0.003-
0.004 ng/kg bw/day for high consumers, only AFB1; Sugita-Konishi et al. 2010), but
lower than most intakes calculated for African countries for individual commodities
(0.1-850 ng/kg bw/day; Shephard 2008).

The estimated total intake for high consumers of peanuts, peanut products
and nuts (high consumers) in the Brazilian population was much higher than if we
consider the total population, but it is unlikely that this pattern of consumption is

repeated daily on a long-term basis and that the food consumed is always
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contaminated. The AF intakes in the Federal District (total population) were much
lower than those found at the national level, mainly because exposure from the
consumption of rice was not considered in the estimation. The presence of aflatoxins
in rice has been reported worldwide. In most studies, the incidence of positive
samples is high (49.7 to 100%), although the mean levels found in positive sample
were < 5 pg/kg (Mazaheri 2009; Bansal et al. 2011; Reddy et al. 2011; Sun et al.
2011). Samples analyzed in Turkey and Nigeria showed both high incidence (56.0
and 100%) and contamination levels (0.05-371.9ug/kg; Aydin et al. 2011; Makun et
al. 2011), though there was no positive samples analyzed in Tunisia (Ghali 2010).

The cancer risk estimated for the total Brazilian population (0.37 % HBsAg+)
was higher than that estimated for Europe (0.2 — 1 % HBsAg+; Table 5). Clearly, the
higher risk comes mainly from the consumption of rice, a staple food in the country.
In Japan, the risks are much lower even at the 95" exposure level. The Brazilian
HBsAg" prevalence used in the estimation was much lower than that reported by the
World Health Organization (WHO), which considered Brazil an area of intermediate
and high endemicity (range of 2 to > 8% HBsAg"; WHO 2002). However, this pattern
has changed since 1989 when the Brazilian health system began providing vaccines
against the hepatitis B virus, and currently this vaccine is administered to those aged
0-29 years and to vulnerable groups (pregnant women, homosexuals, police officers
and, health care providers) (Brazil 2012).

Although the MOEs calculated for Brazil are lower than those reported for the
European population, in both regions the values indicate a health concern (< 10 000;
EFSA 2005). The cancer risks and the MOEs estimated in China (Ding et al. 2012)
and Africa (Shepard 2008) are also presented in Table 5. However, a direct
comparison with the Brazilian results was not possible as the authors estimated the
risks for individual commodities, and were not based on the total intake.

The HBS data used to estimate the consumption of peanuts, peanut products
and nuts in the Federal District have certain limitations, the main one being that they
reflect the food that is available in the household, which does not imply equal
consumption among the household residents, which was assumed in this study. This
approach may have overestimated consumption for some groups of the population,
such as children. It is also important to point out that the IBGE individual

consumption data only cover individuals 10 years of age or older, and therefore the
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estimations for the Brazilian population obtained in this study exclude individuals
under this age.

One limitation when using published work to estimate concentration levels of
contaminants in food is the heterogeneity of published data. Mean concentrations for
all samples were not available (weighted mean was estimated) and not all of the
studies had reported the method LOQ (sometimes %2 the LOD was used for the
upper bound intake estimation). Additionally, many studies conducted in Brazil,
including in the Federal District, still use the low sensitive thin layer chromatography
method to analyze aflatoxins in food, which leads to an overestimation of the upper
bound mean (samples <LOQ=%LOQ), mainly for food with low contamination

incidence, such as corn-products.

Conclusions

The incidence of AFs in food commercialized in the Federal District has
decreased considerably in the last decade, although the level of contamination found
in some samples is still higher than what is found in other Brazilian states. Rice
should be considered in future aflatoxin monitoring programs in the Federal District
and other regions as it is a staple food in the Brazilian diet and any level of
contamination would have an impact on the total exposure. Although preliminary due
to the various limitations raised previously, the results of this study have shown that
the dietary risks of the Brazilian population to aflatoxins are higher than those found
in some other regions in the world, and may represent a health concern. Aflatoxins
are genotoxic carcinogens and government actions should be maintained and
continuously improved in order to guarantee that human exposure levels are kept as

low as possible.
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Figure 1. Aflatoxins analysis in the Federal District between 1985 and 2011. Peanuts

include toasted, salted, shelled and peanut products; nuts include shelled Brazil nuts,

almonds, cashew nuts, hazelnuts, nuts and pistachios; Silva, Oliveira and Caldas

1996; “up to June 1998, Caldas et al. 1998; *** from July 1998, Caldas et al. 2002;

" present work.

Table 1. Aflatoxin levels (AFB1+AFB2+AFG1+AFG2) in food samples analyzed in

the Federal District between 2002 and 2011.

Positive® All samples Positive samples®
Products analyzed Mean’+sd Range Mean +sd Range

samples  (ug/kg)  (ug/kg) (Hg/kg) (Hg/kg)
Peanuts® 29/359  14.2+85.1 <4-1496 129.0+278.5 7.9-1496
Peanut productsd 8/295 6.7t24.1 <4-340 101.5+117.1 15.0-340.0
Brazil nuts, shelled 4/67 36.9+241.3 <4- 1972 553.6 +£949.8 16.5-1972
Other nuts® 1/82 8.3+38.7  <4-354' 352.0 -

3 at least for AFB1, >2ug/kg; ® samples < LOQ were considered at % the LOQ; ©

toasted, salted and shelled peanuts; ¢ peanut butter and peanut candies; © includes

almonds, cashew nuts, hazelnuts, nuts and pistachios, all shelled; f one positive

sample containing AFB1 and AFB2.
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Table 2. Aflatoxin in food products in Brazil.

Mean, all samples, ug/kg®
(positive/analyzed)

Peanuts®  Peanut Shelled Other Corn Rice
State or region products® Brazil nuts  nuts® products®
Minas Gerais 30.6 12.1' 0.2¢

(8/21) (2/15) (1/36)
S&o Paulo " 3.4 3.6
, (34/96)  (72/144)
Rio Grande do Sul' 17.8 3.2
(7/12) (6/10) _ _

Federal District 14.2! 6.7 36.9 8.3 4.0

(29/359)  (8/295) (4/67) (1/82)  (0/174)
North and Northeast ' 3.0

(NR/40)
Amazonas™ 37.1
(5/30)
Parana " 4.5
(7/123)
Various states ° 4.2
(75/166)

Brazil® 12.9 5.8 27.0 8.3 4.2 3.5

(78/488)  (88/464) (-/137) (1/82)  (7/297)  (76/202)

2 Weighted mean; samples < LOQ were considered at ¥ the reported LOQ/LOD; ° toasted, salted
and shelled peanuts; ¢ peanut butter and peanut candies; ¢ almonds, cashew nuts, hazelnuts, nuts
and pistachios; ¢ corn meal, corn flour, corn grits, degermed corn (canjica), precooked corn flour,
popcorn, corn flakes and snacks; " Rocha et al. 2008; LOD= 5ug/kg; ¢ Carvalho et al. 2010; LOQ=
0.05-0.16 pg/kg; " Oliveira et al. 2009; LOQ=0.5ug/kg; ' Oliveira and Koller 2011; LOQ considered as
2ug/kg; ! Table 1; ¥ Table 1 and Caldas and Silva 2007; LOQ=2ug/kg; ' Pacheco and Scussel 2007;
LOQ= 0.08-0.12 pg/kg; mean of positive samples; ™ Pacheco et al. 2010; LOQ=0.45-0.50 pg/kg; "
Amaral et al. 2006; LOD=0.5-3.2 ug/kg; ° Aimeida et al. 2012; LOD=0.1-0.3ug/kg; NR= not reported.
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Table 3. Data obtained from the Brazilian Household Budget Survey 2008/2009, for
both High consumers and total population of Brazil.

Peanut Brazil  Other Corn
Total  Peanuts?® products® nuts® nuts® products® Rice

Federal District |

Households, n 977 4 5 1 4
Consumers, n 2703 14 17 3 13
Mean bw, kg 59.3 54.8 61.4 69.4 58.9

Total population ¢, g/day 0.13 0.1 0.05 0.09

High consumers ", g/day 63.18 22.09 47.62  21.47

Brazil '
Consumers, n 34003 129 380 38 57 1086 32502
Mean bw, kg 63.5 66.6 64.5 61.0 60.8 62.4 64.3
Total population !, g/day 0.04 0.12 0.005 0.01 1.82 170.16
High consumers ¥, g/day 21.35 19.65 10.57 13.39 114.03 194.28

®toasted, salted and shelled peanuts; b peanut butter and peanut candies; ° shelled; dalmonds,
cashew nuts, hazelnuts, nuts and pistachios; ¢ corn meal, corn flour, corn grits and degermed

corn (canjica); " HBS data; ¢ all households in the survey; "

only households that reported
consumption of at least one food item considered in this study; ' individual consumption data
for individuals aged 10 years or older; 'all individuals in the survey; * only individuals that

reported at least one food item considered in this study.
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Table 4. Aflatoxins intake (lower-upper bound) in the Federal District and Brazil
through consumption of peanuts, peanut products, Brazil nuts, other nuts, corn
products and rice (ng/kg bw/day).

Food Federal District 2 Brazil
Total High Total High
population® consumers ¢ Population © consumers '
Peanuts ° 0.02-0.03 8.1-16.4 0.004-0.01 2.3-4.1
Peanuts products " 0.005-0.01 1.0-2.4 0.005-0.01 0.9-1.8
Brazil nuts, shelled 0.028-0.03 22.6-25.3 0.002-0.0021 4.3-4.7
Other nuts ' 0.007-0.01 1.6-3.0 0.0007-0.001 0.9-1.8
Corn Products 0.01-0.12 0.5-7.7
Rice 6.5-6.6 7.4-7.5
Total intake 0.06-0.08 33.3-47.1 6.6-6.8 16.3-27.6

2 HBS data; ° individual consumption data for individuals aged 10 years or older; ° all
households in the survey; ®only households that reported consumption of at least one food
item considered in this study; © all the individuals in the survey; * only individuals that
reported at least one food item considered in this study; ° toasted, salted and shelled
peanuts; h peanut butter and peanut candies; "almonds, cashew nuts, hazelnuts, nuts and
pistachios, shelled; ! corn meal, corn flour, corn grits, degermed corn (canjica), precooked

corn flour, popcorn, corn flakes and snacks.
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Table 5. Risk characterization for aflatoxins based on cancer risk and margin of
exposure (MOE)

Cancer risk 2 MOE °

Federal District

Total population ° 0.0006-0.0009 ¢ 2833-2125

High consumers °© 0.3581-0.5065 ® 5.1-3.6
Brazil

Total population © 0.0731-0.0753 ¢ 25.8-25.0

High consumers ° 0.1794-0.3056 °© 10.4-6.2
Europe (WHO 1999)

Total population 0.0041 -
Europe (EFSA 2007)

Total population ¢ 0.0037 - 0.0205" 483 — 88

High consumers ' 0.01-0.024" 173 -76
Africa (Shepard 2008)

Total population 0.1-70.1% 121.4-0.2
Japan (Sugita-Konishi et al. 2010)

95th ' 0.00004-0.00005 -
China (Ding et al. 2012)

Mean ™ 0.003-0.2" 24.7-0.5

97.5th ™ 0.17-9.13" 1273 -24.1

3 cancers/year/10° individuals, estimated according WHO (1999); ° based on a

BMDL;o in rodent of 170 ng/kg bw/day (EFSA 2007), with exception of China (140
ng/kg/bw; Benford et al. 2010);° lower-upper bound; ¢ 0.26%HBsAg"; © 0.37%HBsAg";
"for a ML of 20 pg/kg in raw corn, peanut and peanut products, 1% HBsAg+; ¢ for a
ML of 4 pug/kg in almonds, hazelnuts and pistachios, lower bound of Cluster Diet F —
upper bound of Cluster Diet B; " 0.2 %HBsAg"; ' high consumers of pistachios and
mean consumption of other nuts; ’ range of individual commodities from different
African countries; ¥ 25%HBsAg"; ' lower bound-upper bound, 1%HBsAg"; ™ range of
n

individual commodities (rice, corn and corn product, peanut and peanut oil;

simulations of prevalence rates (%HBsAg") of different age groups.
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5. LEITE HUMANO PARA ANALISE DE MICOTOXINAS DA REDE DE LEITE
HUMANO DO DISTRITO FEDERAL

No Distrito Federal, existem atualmente 16 Bancos de Leite Humano (BLH),
sendo 12 da rede publica e 4 da rede privada, além de mais 2 Postos de Coleta. No
total, 10 BLH de Hospitais Regionais sao ligados a Secretaria de Saude do DF, entre
eles: Asa Norte (HRAS), Asa Sul (HRAS), Brazlandia (HRBZ), Ceilandia (HRC),
Gama (HRG). Planaltina (HRPA), Paranoa (HRPA), Sobradinho (HRS), Santa Maria
(HRSM) e Taguatinga (HRT). Foi realizada uma reunido com os representantes dos
BLH ligados a Secretaria de Saude, onde o projeto de pesquisa foi apresentado e as
davidas das representantes foram sanadas. Apenas 2 destes BLH néo participaram
do projeto. A localizagéo dos BLH pode ser observada na Figura 1.

ApoOs aprovacao da pesquisa pela Coordenacédo de Bancos de Leite Humano
da Secretaria de Saude do Distrito Federal, o projeto de pesquisa foi submetido ao
Comité de Etica em Pesquisa sobre Seres Humanos do Departamento de Ciéncias
da Saude da Universidade de Brasilia. O documento de aprovagdo encontra-se no
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Figura 1 — Localizagdo dos BLH ligados a Coordenagao de Aleitamento Materno e
Bancos de Leite Humano da Secretaria de Saude do Distrito Federal (Google Maps,
2012). A=HRAN; B=HRAS; C=HRBZ; D=HRP; E=HRPA; F=HRS; G=HRSM;

H=HRT. Marcac¢des em azul = BLH que nao participaram da pesquisa.
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5.1 METODOLOGIA
5.1.1 Delineamento da populacéo de amostras de leite materno

O célculo do numero total de amostras de leite humano a ser coletada para o
estudo foi feito de acordo com Bisquerra et al. (2004), baseando-se no numero total
de doadoras da Rede do DF no ano de 2010 (N=6005). Desta maneira, com um
nivel de confianca de 95%, seria necessario coletar, aproximadamente 362 amostras
de leite materno para analise de micotoxinas.

O nuamero de amostras a ser coletado por cada BLH foi definido pela
Coordenadoria de Aleitamento Materno e Bancos de Leite Humano da Secretaria de
Saude do Distrito Federal, levando em consideragéo o volume de doag¢Bes mensais
de cada BLH. O numero total de amostras a ser coletado por cada BLH foi dividido
proporcionalmente pelo periodo de duracdo da pesquisa (Maio/2011 - Janeiro/2012)
e pelas regionais de saude atendidas pelo BLH. Buscou-se, desta maneira,
conseguir uma boa representatividade de doadoras de todo o Distrito Federal (30
regides administrativas; GDF, 2010). No Apéndice A encontra-se o cronograma de

coleta de amostras por BLH.

5.1.2 Coleta de amostras de leite manterno

A coleta das amostras foi realizada em parceria com a Coordenacao de
Aleitamento Materno e Banco de Leite Humano da Secretaria de Saude do Distrito
Federal (DF).

Antes do cadastramento de uma doadora de leite a uma unidade de BLH é
realizada uma avaliacdo médica onde informacdes acerca de doencas infecciosas e
consumo de drogas séo investigadas. A nutriz é considerada apta para a doacéo de
leite quando preenche os seguintes pré-requisitos (Brasil, 2008):

e Estar amamentando ou ordenhando leite para o préprio filho;

e Ser saudavel;

¢ Na&o fumar mais que 10 cigarros por dia;

¢ N&o usar medicamentos incompativeis com a amamentacao;

e Na&o usar alcool ou drogas ilicitas;

¢ Realizar exames (hemograma completo, VDRL, anti-HIV e demais sorologias

usualmente realizadas durante o pré-natal, hepatites, por exemplo).
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No Distrito Federal, existe uma parceria entre os BLH e o Corpo de
Bombeiros Militar na coleta de leite humano. Depois da avaliagdo médica,
cadastramento e instrucfes sobre coleta e armazenamento da amostra de leite, a
doadora pode solicitar que a doacédo seja recolhida em sua residéncia pela equipe
especializada do Corpo de Bombeiros. Neste caso, para a conducédo da pesquisa,
foi enviado um convite (Apéndice B) para as doadoras, através da equipe do Corpo
de Bombeiros, com explicacbes sobre o0s objetivos da pesquisa. Caso
concordassem em patrticipar, elas recebiam e assinavam o termo de consentimento
livre e esclarecido — TCLE (Apéndice C).

Foram coletados, no minimo, 20mL de leite de cada doadora. As coletas
foram realizadas de duas formas, conforme a preferéncia do BLH: a) as doadoras
coletavam o leite diretamente nos frascos cedidos pelo laboratério ou; b) aliquotas
da amostra doada eram retiradas por funcionarias do BLH e transferidas para os
frascos cedidos pelo laboratério. Todas as amostras coletadas eram de leite cru e
foram mantidas em freezer (-20°C), tanto na casa das doadoras quanto nos Bancos
de Leite. A coleta foi distribuida ao longo do més e, portanto, as amostras eram
recolhidas dos BLH no inicio do més seguinte a coleta, transportadas para o
Laboratdrio de Toxicologia e armazenadas até o momento da analise.

No dia em que as amostras eram recolhidas dos BLH, também eram
coletadas informacdes sobre as doadoras. Dados como idade, endereco, telefone,
data do parto, peso do bebé ao nascer, data da coleta da amostra foram obtidos da
ficha de cadastro das doadoras. Além disso, as doadoras foram contatadas por

telefone para verificacdo de alguns dados.

5.2 RESULTADOS E DISCUSSAO

Entre maio de 2011 e fevereiro de 2012, foram coletadas 224 amostras de
leite humano, o que representou um nivel de confianca de 93,5% em relacao ao
namero total de doadoras da Rede em 2010 (N=6005). As amostras foram obtidas
de 213 doadoras cadastradas em oito BLH do DF. O nimero de amostras coletadas
por Regido Administrativa do DF esta descrito na Tabela 1. As amostras foram
obtidas de doadoras residentes em 24 Regides Administrativas (RAS), entre as 30
existentes no DF. Algumas RAs, como Riacho Fundo (I e Il) e Sobradinho (I e 1),
foram agrupadas em funcéo da dificuldade de definicdo correta de suas extensoes.

Entre as amostras coletadas, 2 eram de doadoras residentes fora do Distrito Federal
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(Goias e Bahia) e uma o local de residéncia era desconhecido (ficha cadastral

incompleta).

Tabela 1 - Numero de doadoras por regido administrativa.

Regido N° Regiéo N°
Administrativa doadoras Administrativa doadoras
Aguas Claras 8 Planaltina 22
Brasilia 14 Recanto das Emas 10
Brazlandia 24 Riacho Fundo | e Il 3
Candangolandia 2 Samambaia 10
Ceilandia 4 Santa Maria 8
Gama 1 Sao Sebastidao 2
Guara 14 SCIA** 1
Itapoa 7 Sobradinho 1 e 1l 31
Lago Norte 3 Sudoeste e Octogonal 7
Nucleo Bandeirante 2 Taguatinga 19
Outros* 3 Vicente Pires 4
Paranoa 14 Total 213

* Doadoras residentes fora do DF ou residéncia nédo reportada; **Setor Complemen-
tar de Indastria e Abastecimento.

A Figura 2 mostra o nimero de amostras coletadas em cada més durante o
periodo de realizacdo da pesquisa. Embora na programacao inicial, a coleta seria
encerrada em janeiro, o prazo foi estendido até fevereiro na tentativa de conseguir
um numero maior de amostras. A média de amostras coletadas por més foi 22,4,
sendo que setembro foi 0 més com o maior numero de amostras obtidas (n=34) e
novembro com o menor (n=13).

A Tabela 2 mostra, por BLH onde ocorreu a doacéo, a idade das maes e o
peso corporeo dos bebés ao nascer. Entre as 213 doadoras, 37 ndo possuiam 0S
dados cadastrais completos e ndo foi possivel obter estes dados por contato
telefénico. A faixa de idade das doadoras foi entre 15 e 47 (média =28,4 anos) e o
peso corporeo do bebé ao nascer variou entre 1,17 e 5,3 kg (média = 3,19kg). A
Figura 3 mostra o periodo de lactacdo da mde no momento da doacdo de leite
materno. O maior numero de doagbes ocorre nos trés primeiros meses de
amamentacao (38,3-16,2%) e algumas méaes doaram leite até o décimo quarto més
de lactacdo. A frequéncia da idade das doadoras e do peso corpéreo dos bebés no

nascimento pode ser observada nas Figuras 4 e 5.
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Figura 2 — Numero de amostras de leite materno coletado durante o periodo de

realizacdo da pesquisa.

Tabela 2 — Idade das doadoras e peso corpéreo do bebé ao nascer.

Peso do bebé ao nascer

Idade (kg)

BLH N* Média + SD IC Média + SD IC
HRAN 39/47 30,246,6  (28,1;32,4) 3,19+0,71 (2,96; 3,42)
HRAS 15/22 27,746,8  (23,9;31,5) 3,07+0,74 (2,66; 3,48)
HRBZ 22/24 28,918,3 (25,3; 32,6) 1,91+0,45 (2,98; 3,38)

HRP 23/24 27,616,1 (25,0;30,3) 3,23+0,43  (3,04; 3,42)
HRPA 23/23 28,316,5 (25,5;31,1) 3,26%0,42 (3,07; 3,44)

HRS 24/29 28,245,8 (25,7;30,7) 3,18+0,44  (2,99; 3,36)
HRSM 5/12 25+6,2 (17,3;32,7) 3,56+0,58 (2,85; 4,28)

HRT 25/32 27,1454 (24,8; 29,3) 3,12+0,49 (2,92; 3,32)
Total 176/213 28,416,5 (27,4;29,4) 3,19+0,55 (3,11;3,27)

IC= Intervalo de confianca (95%); *n° dados disponiveis/n°® doadoras.
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Abstract

Breast milk is considered the best source of nutrients for infants. However, toxic
contaminants that nursing mothers are exposed to, such as mycotoxins, could be
carried over to milk, intact or metabolized. The aim of this study was to optimize and
validate a methodology for the simultaneous analysis of aflatoxins M1, B1, B2, G1,
G2 and ochratoxin A in breast milk, and evaluate the exposure of infants to these
mycotoxins through the consumption of breast milk. Breast milk samples were
obtained from donors at eight Human Milk Banks in the Federal District, Brazil,
between May/2011 and February/2012. The analytical method was based on liquid-
liquid extraction and purification at low temperature (3.25mL of acidified acetonitrile +
0.75mL of ethyl acetate, followed by analysis by HPLC/FD and a photochemical post-
column reactor. Excitation and emission wavelengths of the fluorescence detector
were set at 360/430nm for aflatoxins, and at 333/470nm for ochratoxin ALimits of
guantification (LOQ) ranged from 0.005-0.03ng/mL, recoveries from 73-99.5%, and
relative standard deviations (RSD) from 1.8-17.3%. A total of 224 samples were
collected, but only 2 were positive for the mycotoxins analyzed — AFB2 at LOQ level
(0.005ng/mL), indicating that the infants who are fed with breast milk from the milk

banks are not at risk from aflatoxin and ochratoxin exposure.

Keywords: aflatoxins; ochratoxin A; breast milk; analysis.



61

Introduction

Breast milk is considered the best source of nutrients for infants, providing a
unique blend of nutritional and non-nutritional benefits (AAP, 2012). Epidemiological
evidence has shown that breastfeeding enhances the motor and cognitive
development of newborns, stimulates the development of the immune system,
reduces the incidence of chronic diseases and infant morbidity and mortality, and
also provides a range of benefits to the health of mothers (Lawrence, 1997; Hanson
et al., 2002; Jones et al., 2003; WHO, 2006). However, contaminants that nursing
mothers are exposed to, such as mycotoxins, may be carried over to milk, intact or in
metabolized form (Landrigan et al., 2002; Sherif et al., 2009).

Mycotoxins are secondary metabolites produced by a range of fungi (Magan &
Aldred, 2007) that contaminate various agricultural commodities, either before
harvest or under post-harvest conditions (Frisvad et al., 2007). Aspergillus flavus and
Aspergillus parasiticus are the main producers of aflatoxins (AFs; Pitt & Hocking,
2009), mycotoxins that are hepatotoxic and carcinogenic to humans (IARC, 1993).
Ochratoxin A (OTA) is a toxin naturally produced by several species of Aspergillus
and Penicillium (Pitt & Hocking, 2009), shown to be nephrotoxic and a possible
human carcinogen (IARC, 1993).

Several authors have reported the presence of mycotoxins in breast milk
around the world. AFB1, AFB2 and their metabolites (AFM1, AFM2), as well as
aflatoxicol were found in samples from Ghana (Lamplugh et al., 1988), AFM1 was
detected in samples from Australia, Thailand, Egypt, Italy, Turkey and Iran (El-
Nezami et al.,1995; Polychronaki et al., 2007; Turconi et al., 2004; Galvano et al.,
2008; Gulrbay et al., 2010; Sadeghi et al., 2009; Mahdavi et al., 2010; Ghiasain &
Maghsood, 2012), and OTA was reported in breast milk samples from Italy, Turkey,
Chile and Slovakia (Turconi et al., 2004; Galvano et al., 2008; Gurbay et al., 2009;
Mufoz et al., 2009; Dostal et al., 2008). In Brazil, the incidence of AFM1 and OTA
was reported to be low (Navas et al., 2005).

Milk is a complex matrix, and mycotoxins could be found bonded to milk
casein proteins, which makes the extraction a difficult procedure (JECFA, 2001).
Methods usually used to analyze mycotoxins in milk are based on extraction with
organic solvents, clean-up with solid phase extraction (SPE) or imunoaffinity
columns, followed by concentration steps (Gurbay et al., 2010; Herzallah, 2009; Ilha,

2011; Polychronaki et al., 2007). Detection and quantification are performed mainly
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by liquid chromatography with either a fluorescence detector or mass spectrometry
(Cavaliere et al., 2006; Galvano et al., 2008; llha, 2011; Wang et al., 2011).

Several countries have established regulatory limits to control the presence of
AFM1 in milk and dairy products, but there are no guidelines for breast milk. In Brazil
the limit for AFML1 in bulk milk is 0.5pug/kg (ANVISA, 2011), the same established by
the Codex Alimentarius (Codex, 1995).

This study aimed to optimize and validate a methodology for the simultaneous
analysis of aflatoxins M1, B1, B2, G1, G2 and ochratoxin A in breast milk, and to
evaluate the exposure of infants to these mycotoxins through consumption of breast
milk in the Federal District of Brazil. To the best of our knowledge, no single method
that has simultaneously analyzed these micotoxins in milk was found in the published

literature.

Materials and methods
Chemicals and reagents

Acetonitrile, methanol and formic acid were purchased from Sigma Aldrich (St.
Louis, MO, USA), ethyl acetate from Merck KGaA (Darmstadt, Germany), toluene
from Mallinckrodt Baker (Phillipsburg, USA), acetic acid from J.T.Baker (Phillipsburg,
USA), and anhydrous sodium sulphate from Vetec (Rio de Janeiro, Brazil). All
solvents used were HPLC grade. Ultra-pure water was produced by a Milli-Q system
(Millipore Corporation, USA). The syringe filters utilized were Millex™ from Millipore
(USA).

Aflatoxin standards were purchased from Sigma Aldrich (St. Louis, MO, USA),
and ochratoxin A from Biopure (USA). AFB1, AFB2, AFG1, AFG2 stock solutions
were prepared in toluene-acetonitrile (9:1), AFM1 in acetonitrile and OTA in toluene-
acetic acid (99:1). Work solutions were prepared and concentrations were
determined according to AOAC International (1995). A mixed working standard
solution was prepared by diluting individual stock solutions to obtain a solution with
concentrations of 50ng/mL for AFM1, AFB1, AFG2 and OTA, 150ng/mL for G1, and
12.5ng/mL for B2. All standard solutions were stored at -20°C and kept out of direct
light.

All glassware used was soaked in diluted acid solution (110g/mL sulfuric acid)
for several hours to remove possible active adsorption sites. The glassware was then

thoroughly rinsed with distilled water to remove all traces of acid (Dragacci, 2001).
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After the analyses, all materials were decontaminated with sodium hypochlorite
solution.

A pool of breast milk samples obtained from different donors was analyzed
and none of the mycotoxins of interest was detected. This pool was considered

blank, and used to optimize and validate the analytical method.

Extraction procedures

Three different extraction procedures were tested during method development:
1) solid-phase extraction (SPE) with C-18 cartridges followed by extraction with
dichloromethane (Polychronaki et al., 2007); 2) liquid-liquid extraction (LLE) with
chloroform and petroleum ether (Gurbay et al., 2010); and 3) liquid-liquid extraction
with low temperature purification (LLE-LTP), adapted from Goulart et al. (2008).
Tests were conducted in triplicate, with blank breast milk samples fortified at 0.15
ng/ml for aflatoxins M1, B1, G1 and OTA, and at 0.03ng/ml for aflatoxins B2 and G2.

The SPE column was activated with acetonitrile and water and a 10 mL
sample diluted in water (1:1) passed through at a flow rate of 3.5mL/min. The
cartridge was washed (basic and acid solutions, with 1% ammonia and 1% acetic
acid, respectively) the mycotoxins eluted with acidified acetonitrile (1% acetic acid),
and extracted twice with 2mL dichloromethane. Extracts were evaporated and
dissolved in methanol for analysis.

In the LLE, 1mL of breast milk was extracted with chloroform (saturated with
NacCl), heated (37°C), mixed (hand inversion), and centrifuged for phase separation.
The organic phase was removed, evaporated, re-dissolved in acetonitrile, and
extracted with petroleum ether to remove contaminating lipids. The acetonitrile phase
was then blown to dryness, and re-dissolved in methanol for analysis.

In the LLE-LPT, 2mL of breast milk were transferred to a falcon tube, 4mL of a
solvent mixture added, and the tube taken to sonication and centrifugation (3500 rpm
— 5min). Samples were stored in a freezer (-18°C) for 12 hours, and the liquid
supernatant (organic phase) was passed through a syringe barrel containing
anhydrous sodium sulfate and filtered through a syringe filter (0.45um). The extract
was completely dried under nitrogen flow at 40°C, and the residue dissolved in 100uL

of methanol for analysis.
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Optimization of method extraction conditions — Experimental design

A 2° factorial design with central point was used to find the best extraction
conditions for the LLE-LTP method. The effects of sonication time (X,), ionic strength
(X2), and solvent composition (X3) were evaluated based on the recovery rates of the
mycotoxins in the breast milk. The independent variables were tested on 3 levels,
represented by (-), (0) and (+), as shown in Table 1. The proportions of solvents and
salt concentration (NaCl) used were chosen in order to change the polarity/ionic
strength of the extracting mixture without disturbing the freezing process, and
were based on work published previously (Viera et al., 2007; Ribensam et al., 2011).
A total of 11 trials were carried out, corresponding to all possible combinations
between levels (-) and (+) without replicates, and the central point (0) was performed
in triplicate to allow calculation of the experimental error. Experimental data from the
factorial design were fitted to the following second-order polynomial model (Eq. 1;
Neto et al., 2010), and analyzed using the response surfaces.

Y= Bo+ Ty B Xi + T BuX? + 221 ey BiiXiX; (Eg. 1)

In Eq. 1, Y is the recovery value predicted by the model, B, is the constant
coefficient, B; is the linear coefficient, Biiis the coefficient of squared effect, G; is the
coefficient of interaction effect, and X; and X; are the coded values of variables
responses. Excel® and Statistica® were used to estimate the goodness-of-fit of the

regression model and parameter significance.

Chromatographic conditions

The HPLC-FD analyses were carried out in a Shimadzu LC-20AT system
(Kyoto, Japan), consisting of a quaternary pump, a degasser (DGU-20As), an auto
sampler (SIL-20A), a column oven (CTO-20A), a system controller (CBM-20A), and a
fluorescence detector (RF-10AxL). The chromatographic separation was performed
with a Gemini C18 analytical column (150 X 4.6mm, 5 um) preceded by a C18
security guard cartridge (4.0X3.0mm, 5 um), both from Phenomenex (Torrance, CA,
USA). A photochemical post-column reactor (PHRED; Aura) was used to enhance
the AFB1 and AFG1 responses (Papadopoulou-Bouraoui et al., 2002). The mobile
phase consisted of a gradient of methanol, acetonitrile and water (1% acetic acid) at

a flow rate of 0.8mL/min, with oven temperature at 40°C, and a injection volume of 10
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pL. Excitation and emission wavelengths of the fluorescence detector were set at
360/430nm for aflatoxins, and at 333/470nm for ochratoxin A.

Samples shown to be positive were confirmed in a LC-MS/MS system
comprised of a Shimadzu LC-20AD chromatographic system (Kyoto, Japan),
consisting of a binary pump, system controller (CBM-20A), degasser (DGU-20Az3),
auto sampler (SIL-20AC) and a column oven (CTO-20A) coupled to a 4000QTRAP
triple quadrupole mass spectrometer, equipped with a TurbolonSpray (TISP)
interface (Applied Biosystem/MDS Sciex, Foster City, EUA). The analyses were
performed on the same analytical column used in the HPLC-FLD at 40°C. The mobile
phase consisted of a gradient of Methanol/Water (20:80; 0.1% Formic Acid) and
Acetonitrile (0.1% Formic Acid) at a flow rate of 0.8mL/min. The injection volume was
10 pL, and the column was re-equilibrated for 9 min before each run. The mass
spectrometer was operated in the positive ionisation mode. lonisation and
spectrometric settings were optimized by infusing separate mycotoxins solutions
(200ng/mL) at a flow rate of 10uL/min via a syringe pump and by direct injection
(without column) of 20uL of standard solutions at 20ng/mL. Data acquisition was
performed in a multiple reaction monitoring (MRM) mode. The parameters for the
m/z, declustering potential (DP), collision energy (CE), collision cell exit potential
(CXP) of parent ions, primary daughter ions, and secondary daughter ions selected
for the confirmation of the presence of AFM1, AFG2, AFG1, AFB2, AFB1 and OTA in

the breast milk samples are shown in Table 2.

Method validation

The optimized LLE-LTP method was submitted to a full validation process.
Selectivity was evaluated by analyzing the HPLC-FD chromatographic profile of the
blank and fortified breast milk samples, checking for interferences eluting at the same
retention time of the mycotoxins of interest (Ribani et al., 2004; INMETRO, 2010).
The matrix effect was checked for significant differences by comparing the responses
(areas) in the HPLC-FD system of a matrix matched curve and a corresponding
calibration curve made in the solvent (Bruce et al., 1998). The matrix matched curve
was prepared by spiking the extracts obtained from the blank breast milk samples
with appropriate volumes of the working standard solution. Both standard curves
were constructed within the range of 0.2-15ng/mL for AFM1, AFG1, AFB1, and OTA,
and 0.06-5 ng/mL for AFG2 and AFB2, with six calibration points each. Linearity was
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verified through the preparation of three standard curves, made in the solvent, with
seven calibration points each. Standard curves were constructed within the range of
0.1-15 ng/mL for AFM1, AFB1, AFG2 and OTA, 0.3-45 ng/mL for G1, and 0.025-3.75
ng/mL for B2, respectively. Linear regression parameters were estimated by the least
square method, and verified through the examination of outliers (Grubbs
test), homogeneity of variances (Cochran test), coefficient of determination (R?) and
significance of the regression (ANOVA; Thompson et al., 2002; INMETRO, 2010).
The limit of quantification (LOQ) was estimated by analyzing samples spiked in
decreasing mycotoxin concentrations, and defined as the lowest concentration of the
analyte that produced a peak area at least 10 times higher than the signal to noise
ratio (S/N; Ribani et al., 2004). Trueness was determined by recovery experiments.
Breast milk blank samples were spiked at 3 different fortification levels (LOQ,
intermediate, and high), with eight replicates each, performed on the same day, by
the same analyst (Thompson et al., 2002; INMETRO, 2010). Precision was evaluated
through repeatability and intermediate precision (INMETRO, 2010). Repeatability
was expressed as the relative standard deviations (RSD%) obtained from the
analysis performed in the recovery study under repeatability conditions (same
analyst, same day). Intermediate precision was evaluated through the analysis of 5
replicates of spiked samples at levels of 0.05ng/mL for AFM1, AFB1, AFG2 and OTA,
0.15ng/mL for G1, and 0.0125ng/mL for B2 performed by different analysts on the
same day. Robustness of the analytical procedure was assessed by verifying the
influence of the factors evaluated in the experimental design described above
(INMETRO, 2010).

In order to assess the stability of the sample extracts during the days of
storage, twenty-one blank samples of breast milk were spiked at 0.05ng/mL for
AFM1, AFB1, AFG1 and OTA, and at 0.0125ng/mL for AFB2 and AFG2, extracted
according to the optimized procedure, evaporated until complete dryness, and kept at
-20°C until analysis. Extracts were analyzed in triplicate on days 1, 2, 3, 7, 21, and 30
of storage, and dissolved in methanol on the day of injection in the HPLC system.
Analysis of variance (ANOVA) was used to determine whether there were statistically
significant differences among the estimated concentration levels between days.
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Breast milk samples

The number of breast milk samples to be collected in this study (362 samples,
95%) was based on the total number of donors at sixteen Human Milk Banks and
two collection points in the Federal District in 2010 (n=6005). However, as only eight
Banks joined the project, 224 samples (93.5% significance level) were collected (May
2011 to February 2012). Samples were kept at -18°C until analyzed. Information on
the mothers’ age and address, and the infants’ date of birth was collected at the
Human Milk bank. Information on the consumption of peanuts and Brazil nuts in the
week prior to milk donation was obtained through a questionnaire applied at the
mothers’ residence. The project was approved by the Ethics Committee on Human
Research of the Faculty of Health Science of the University of Brasilia (n° 027/11),
and all mothers signed a consent form before donating samples.

Samples were analyzed according to the optimized analytical method. Three
fortified breast milk samples (at the intermediate level) were included in each batch of
extraction as an internal quality control to check for the reliability of the extraction
procedure (30 samples/batch). The identity of the mycotoxin detected in the
HPLC/FD was confirmedby LC-MS/MS and further re-analyzed in HPLC/FD
(duplicate sample) for quantification.

Results and discussion
Sample extraction

The average recoveries of mycotoxins obtained with different extraction
procedures are shown in Figure 1. AFG2 and OTA were not detected in the fortified
samples analyzed using SPE. As the goal of this study was to optimize a single
methodology for the simultaneous analysis of aflatoxins and ochratoxin A in breast
milk, the SPE method was discarded. The LLE and LLE-PLT methods showed the
best recoveries for all mycotoxins, however LLE-PLT showed much better AFM1
recovery than LLE (82.3 and 50.0%, respectively). In order to improve OTA
recoveries in the LLE-PLT, the acetonitrile used in extraction was acidified (0.1%
formic acid). A considerable improvement in OTA recovery was found, increasing
from about 60% to over 80%. Average recovery for the aflatoxins was not affected by
acetonitrile acidification (data not shown). LLE-PLT had fewer steps and the overall

best recoveries, and was thus the method chosen for analysis.
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Optimization of the LLE-LTP method

The effects of 3 independent variables on mycotoxin recoveries were
simultaneously evaluated during the optimization of the LLE-LTP method. Table 3
shows the average recoveries obtained in the experimental design, the effects of
each factor on recovery, as well as their interactions. Extraction lengths in the
ultrasonic bath (X;) were only statistically significant (p<0.05) for AFG2 and OTA,
demonstrating a reduction in recovery with an increase in extraction time. lonic
strength (X;) was statistically significant (p<0.05) for all mycotoxins analyzed,
showing that with ionic strength increases, there is a considerable decrease in all
mycotoxins recoveries. For the solvent composition (X3), with changes in polarity
(from a mixture with methanol to a mixture with ethyl acetate), AFM1 and AFG2
recoveries increased (p<0.05), with only OTA presenting a slight decrease (not
significant; p>0.05). Most interactions were not significant (p>0.05), but those
considered significant (p<0.05) were kept in the regression model.

Significant regression values and not-significant lack-of-fit values showed that
the quadratic model calculated for AFM1, AFG2, AFB2 and OTA was valid for the
present study. Lack-of-fit was significant for AFG1 and AFB1, meaning that the
recoveries of these mycotoxins were not adequately explained by the equation
determined in the model. As the main mycotoxin of interest in breast milk is AFM1,
the optimized LLE-LTP method used in this study was chosen for presenting the best
performance for AFM1 analysis. The response surface plots (Figure 2) show the
effects of the independent variables on the recovery of AFM1. The best conditions of
extraction of AFM1 were: 10min in the ultrasonic bath, no added salt, and mixture of
solvent made of 3.25mL of acetonitrile (0.1% formic acid) + 0.75mL of ethyl acetate.
These conditions did not significantly impact the recoveries of the other mycotoxins

analyzed (Table 3).

LLE-LTP method validation

Figure 3 shows the chromatograms of blank and mycotoxin fortified breast
milk samples. There were no interfering peaks eluting in the same retention time for
any of the mycotoxins analyzed, confirming that the HPLC-FD conditions chosen
ensured satisfactory selectivity of the method. The solvent and matrix matched
standard curves, as well as their respective R? and linear regression equations, are

shown in Figure 4. Coefficients of determination (R?) were higher than 0.999, and
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regressions of all curves were significant (p<0.05). The Fischer F-test showed that
the residual variances of the solvent and matrix matched curves were homogeneous
(a=0.05). Hence, the t-test (combined variances) was used to evaluate matrix effects.
As there were no significant differences in responses (areas) obtained for the solvent
and the matrix matched curves (a=0.05), the solvent standard curves were used for
the quantification of mycotoxins in this study. No outliers (p>0.05) were found at any
calibration level in the three solvent standard curves analyzed. The behavior of the
residues resulting from the adjustment of the analytical curves obtained by the least
squares method was homoscedastic (Ccaculated< Ceriticar:7:3) for all mycotoxins.

The LOQs found with the optimized method were 0.01ng/mL for AFM1, AFG2
and OTA, 0.03 ng/mL for AFG1, 0.02ng/mL for AFB1 and 0.005ng/mL for AFB2.
These LOQs are in same range of those found by other authors that used LLE and
HPLC-FD in breast milk analyses (EI-Nezami et al., 1995; Gurbay et al., 2009; Mufioz
et al., 2010), but higher than those reported for immunoaffinity/C18 methods (Turconi
et al., 2004; Polychronaki et al., 2007; Galvano et al., 2008).

Table 4 shows the recoveries for three different levels of fortification for each
mycotoxin. Outliers for each fortification level were identified with the construction of
box plots and were removed from the overall results. Mean recoveries at LOQ levels
varied from 73.0% (AFG2) to 99.5% (AFG1) while for intermediate and high levels of
fortification, average recoveries ranged between 70.1 and 95.8%. For all mycotoxins
evaluated, recoveries were within the acceptable range for methods of analysis
recommended by both Brazilian and European committees (MAPA, 2011; EC, 2006).

Precision was evaluated both as repeatability and intermediate precision
(Table 4). Relative standard deviations obtained from analyses performed in the
recovery trials under repeatability conditions (same analyst, same day) ranged from
3.8% (AFB2) to 17.3 (OTA) at the LOQ levels, and from 1.8-6.3% at the other two
levels of fortification, which are also in compliance with Brazilian regulations (MAPA,
2011). Intermediate precision obtained through the analysis of fortified breast milk
samples by different analysts are also shown in Table 4. The Grubbs test did not
show any outliers (p>0.05) in the recoveries obtained by each analyst and no
statistical differences were found between the results obtained by the analysts. RSDs
were considerably higher for analyst 2 and, therefore, all the human milk samples

were analyzed only by analyst 1.
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Robustness of the LLE-LTP method was evaluated during the method
optimization. Among other factors, subtle changes in the extraction period
(5/10/15min) showed small variations in recoveries for most mycotoxins analyzed.
However, changes in ionic strength had a significant impact on mycotoxin recovery.

The stability of AFs and OTA in sample extracts over the period of storage (1-
30 days) may be seen in Figure 5. There was a considerable reduction in mycotoxin
concentration after 14 days of storage. AFG1 and AFM1 had the highest decreases
(47.0% and 40.0%, respectively), while OTA had the lowest reduction (19.0%).
Most of the mean recoveries obtained from the extract at 21 and 30 days of storage
were statistically different (p<0.05) from those obtained during the first days of the
experiment. In light of these results, a maximum storage period of 14 days was
established for the extract submitted to analysis for these mycotoxins in breast milk.

Considering all the results mentioned above, the optimized method met the
performance criteria required for the validation of methods of analysis and, therefore,

may be used to investigate the presence of AFs and OTA in breast milk.

Mycotoxins in breast milk samples

A total of 224 breast milk samples were collected from Human Milk Banks in
the Federal District between May/2011 and February/2012. Samples were obtained
from 213 different donors, mainly during the first month of breastfeeding (38.3%).
The mean age of the mothers was 28.4 years (+6.55) and the babies’ mean weight at
birth (n=176) was 3.19 kg (£0.55). Only 47% of the donors answered the
guestionnaire on the consumption of peanuts, peanut products, Brazil nuts, and their
products in the week before the milk samples were donated. Of the 99 respondents,
23% reported having consumed peanuts or Brazil nuts in the week prior to donation,
and only 7 of them (30%) had consumed both products in the same period.

Breast milk samples were analyzed according to the validated LLE-LTP —
HPLC/FD method. In each batch of extraction, three fortified samples (intermediate
level) were included. Mean recoveries of fortified samples were also within the
acceptable range established by Brazilian and European authorities (60-120%, n=24;
MAPA, 2011; EC, 2006), therefore ensuring the quality of the extraction procedure.
Of all samples analyzed, only two were positive for AFB2 at the LOQ level
(0.005ng/mL). The presence of AFB2 was confirmed by LC-MS/MS. Due to the

extremely low number of contaminated samples it was not possible to establish any
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correlation between the presence of mycotoxins in breast milk and consumption
habits or months of breastfeeding.

AFs contamination in food commercialized in the Federal District has
decreased considerably in recent years (Andrade et al., 2012). Aflatoxin intake
calculated for the total population ranged from 0.06-0.08 ng/kg bw/day and cancer
risk values obtained were extremely low (0.0006-0.0009 cancers/year/10°
individuals), showing that the population of the Federal District is not at great risk.
OTA have been reported in coffee, rice, wheat flour, and chocolate sold in Brazil,
although the levels of contamination found were mostly low ( 0.01-109ug/kg ; Copetti
et al., 2012; Almeida et al., 2012; Taniwaki et al., 2003; Vieira et al., 1999).

Contamination levels of AFM1 and OTA in breast milk from Human Milk Banks
donors have been previously assessed in Brazil (Sdo Paulo), and similar to the
present study, the incidence was low (Navas et al., 2005). Of the 100 samples
analyzed, only three were found to be contaminated, one with AFM1 (0.024ng/mL)
and two with OTA (0.011-0.024ng/mL). Higher incidences and levels have been
found around the world. In Egypt, 56% of the 443 breast milk samples analyzed were
positive for AFM1 (0.0042-0.889ng/mL; Polychronaki et al. (2007). In Italy, Galvano
et al. (2008) found 5 positive samples for AFM1 (0.007-0.14ng/mL), and 61 positive
for OTA (0.005-0.405ng/mL) from 82 breast milk samples collected in the first month
of breastfeeding. Gurbay et al. (2009; 2010) found all 75 samples of breast milk in
Turkey positive for AFM1 (0.06-0.29ng/mL), AFB1 (0.09-4.123ng/mL) and OTA (0.6-
13.1ng/mL). In Chile, all 11 samples collected in the first 6 days postpartum were
positive for OTA (0.044-0.184ng/mL; Muioz et al., 2009).

Children are considered more vulnerable than adults to the effects of toxicants
due to their higher metabolic rate, lower body weight, immature metabolic pathways,
and incomplete development of organs and tissues (WHO, 2006). Considering
this high sensitivity and the importance of breastfeeding for the development of
newborns, the presence of mycotoxins and other contaminants in breast milk should
be continuously evaluated. Hence, the continuous development of analytical methods
to identify and quantify mycotoxins, as well as the performing of risk assessments of

children’s exposure to contaminated foods are essential.
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Conclusions

The method developed for the simultaneous analysis of AFM1, AFG2, AFG1,
AFB2, AFB1 and OTA in breast milk samples using HPLC-FLD was satisfactorily
validated. The LLE-LPT extraction method was shown to be simple and cost-
effective, since no columns are needed for clean-up. The breast milk samples
analyzed did not have significant mycotoxin levels, and therefore infants who
consumed milk from the Human Milk banks were not at risk from exposure to these
mycotoxins. Since aflatoxins and ochratoxin A are respectively known to be
carcinogenic and possible carcinogenic to humans, exposure to these contaminants
should be kept as low as possible, especially for children, considered to be more

susceptible.
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Figure 1. Recoveries of M1, G2, G1, B2, B1 and OTA in fortified breast milk

samples. G2 and OTA were not detected in the SPE extraction.



110
<110
I < 100
[J<9
[ < 80
<70

I > 90
I < 90
[ <80
<70
[ <60

(UALNSUSSEEY
o) hanaoa

> 100
< 100
B <90
B <80
<70
B <60
Bl <50

(o)) henoda
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Figure 4. Standard curves of AFM1, AFG2, AFG1, AFB2, AFB1 and OTA, both in

solvent and matrix matched.
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Figure 5. Stability of AFs and OTA in samples extracts over time of storage (1-30

days). Different letters means that recoveries were statistically different at 95%

probability level (Tukey test).

Table 1 - Experimental design to evaluate the best conditions for mycotoxin
extraction by the LLE-LTP method

Independent variables

Independent variable levels

) (0) (+)
Sonication (X;) 5min 10min 15min
lonic strength (X3) 0.0 g/mL NacCl 0.1g/mL NacCl 0.2g/mL NacCl
Solvent composition (X3) & A B C

 total of 4mL; A=3.75mL acetonitrile (0.1% formic acid) + 0.25mL methanol;

B=4.0mL acetonitrile (0.1% formic acid); C= 3.25mL acetonitrile (0.1% formic acid) +

0.75mL ethyl acetate.
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Table 2 - Parameters on the m/z, declustering potential (DP), collision energy (CE)

and collision cell exit potential (CXP) of ions selected for mycotoxins analysis.

) Parent ion Product
Mycotoxin . DP(V) CE (V) CXP(V)
(+H m/z) ions (M/z)
273.1 33 14
AFM1 329.11 81
259.0 33 14
313.0 35 24
AFG2 331.13 86
245.0 43 18
243.1 41 18
AFG1 329.08 76
128.0 79 20
287.1 37 18
AFB2 315.11 91
259.0 41 20
285.1 33 22
AFB1 313.11 101
241.0 53 18
239.0 33 18
OTA 404.23 51
358.1 21 10
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Table 3 — Average recoveries, effects of each factor and interactions between factors (%

+ estimated experimental error) in the optimization of the LLE-LTP method.

AFM1 AFG2 AFG1 AFB2 AFB1 OTA
Average recovery 68.7+0.7 89.0+05 80.1+1.7 812+06 705+0.8 69.7+0.1
(X2) 115+15 -29.1+11 -63+34 63+133 -35+17 -5.020.2
(X2) 274+15 -41.7+11 -465+3.4 -187+1.33 -17.1+17 -10.7%0.2
(Xs) 209+15 109+11 136+34 33+1.33 37+17 -08+02
(X2) (X2) 45+15 203+1.1 93+34 -38+133 46%17 06+02
(X2) (Xa) 103+15 -46+11 115+34 14+133 29+17 3.4+0.2
(X2) (Xa) 38+15 -23+1.1 148+34 164+133 43+17 28+02
(X) (X2) (Xs)  -14.3+15 90+1.1 -85+34 138+1.33 -1.8+17 3.2+0.2
(X1)? 524+30 -244+20 -23.8+65 -34.6+26 -343+3.3 -26.3%0.4
2 0.9052 0.9735 0.9481 0.9332 0.8589 0.9955
Regression 10.9676% 28.0342% 16.6935% 20.9570% 24.3636% 150.2847 2
Lack of fit 6.9043 8.1098  28.4889%  2.3655 9.8451%  2.3345

X1 = sonication; X, = ionic strength; Xs = solvent composition; numbers in bold correspond to
results significant at a probability level of 95% by the t-test; ® significant at a probability level of

95% by Fisher’s F test.
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Table 4 — Recoveries, repeatability and intermediate precision for AFM1, AFG2,
AFG1, AFB2, AFB1 and OTA in breast milk.

Recoveries and repeatability Intermediate precision
Analyst 1 Analyst 1 Analyst 2
Mean + Mean + Mean +
_ Level RSD RSD RSD
Mycotoxins n* SD n SD n SD
(ng/mL) (%) (%) (%)
(%) (%) (%)
0.01 745+ 44 59

AFM1 0.05
0.5

70.1+40 57 5 755+39 51 5 692+176 255
726+13 1.8

0.01
AFG2 0.05
0.5

73.0+11.0 15.1
77325 3.2 5 795+40 50 5 78.2+13.1 16.8
85.2+25 3.0

0.03 99.5+14.0 14.1
AFG1 0.15 95.8+3.3 3.5 5 856+65 7.6 5 83.7+x14.6 17.5

0.005 73.1+28 3.8
AFB2 0.0125 71.2+40 57 5 744+58 78 5 80.6%+16.6 20.6
0.125 81.7+3.0 3.7

0.02 774+71 91
AFB1 0.05 88.0+49 56 5 740+12 17 5 71.2+148 20.8
0.5 79644 55

0.01 77.6+134 17.3
OTA 0.05 769+19 25 5 744+12 16 5 621+156 251
0.5 7 885x27 31

8
8
6
8
7
7
8
8
15 8 89.7+56 6.3
6
8
7
8
8
8
8
7

*Qutliers identified through box plots were removed.
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7. CONCLUSOES

A avaliacdo dos dados sobre aflatoxinas em alimentos comercializados
no Distrito Federal permitiu a visualizacdo do panorama da contaminacao por
estas micotoxinas em amendoim, produtos de amendoim, castanha e nozes,
nos ultimos anos na regido. Esse estudo mostrou uma diminui¢cdo consideravel
na incidéncia de amostras positivas desses produtos nos ultimos 10 anos,
embora o0s niveis de contaminacdo encontrados em algumas amostras ainda
ultrapassem bastante o limite estabelecido pela legislacdo brasileira. Esta
reducdo pode ser atribuida a implementacdo compulséria das Boas Préticas de
Fabricacdo em estabelecimentos produtores/industrializadores de alimentos e
também a programas de monitoramento firmados pelo governo federal. No
ambito nacional, também foi possivel perceber uma reducdo nos niveis de
concentracdo encontrados, embora poucos artigos tenham sido publicados
recentemente.

No Distrito Federal, ndo foi possivel realizar uma estimativa do consumo
individual dos produtos como amendoim e castanhas, devido ao baixo nimero
de relatos de consumo destes produtos. Nesses casos, uma melhor estimativa
poderia ser feita se tivéssemos agregado dados de frequéncia alimentar, ainda
nao disponiveis. Para a populacdo brasileira, a analise dos dados de consumo
individual obtidos demonstrou o impacto que a contaminacdo de arroz
representa na ingestdo de AFs, uma vez que o consumo da populacdo
brasileira é extremamente alto. Desta maneira, recomenda-se que 0 arroz seja
analisado com mais frequéncia em programas de monitoramento, uma vez que
o menor nivel de contaminacédo por aflatoxinas nestes produtos pode impactar
fortemente a exposic¢ao total.

De maneira geral, tanto a ingestdo como o risco de cancer, calculados
para a populagcédo brasileira foram maiores que os encontrados em outros
paises, com excec¢ao de alguns paises africanos. Embora a ingestéo e o risco
de cancer possam ter sido superestimados devido a algumas limitacbes no
desenvolvimento das estimativas, € importante ressaltar que as aflatoxinas séo
compostos carcinogénicos e, portanto, a exposicao deve ser mantida no menor

nivel possivel.
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Foi possivel estabelecer uma metodologia de analise simultanea para
AFM1, AFB1, AFB2, AFG1, AFG2 e OTA no leite materno, sem a necessidade
de purificacdo por colunas de imunoafinidade ou SPE. A auséncia de etapas de
purificacdo, além de reduzir o tempo de analise, reduz enormemente o0 custo
das analises, facilitando a implementacdo desta metodologia em outros
laboratérios. O método desenvolvido para anélise de micotoxinas, baseado na
extracdo liquido-liquido e purificagdo por congelamento, foi validado segundo
protocolos internacionalmente aceitos.

N&o foi possivel coletar o numero de amostras de leite da Rede Bancos
de Leite do Distrito Federal planejado inicialmente, porém pode-se considerar a
amostra representativa do numero de doadoras (93% de confianca). A andlise
das amostras de leite materno demonstrou um baixo nivel de contaminacao por
micotoxinas e, portanto, as criancas do Distrito Federal que consumiram leite
da Rede de Bancos de Leite do Distrito Federal ndo estdo sob-risco de
exposi¢cdo a micotoxinas pela amamentagdo. A baixa incidéncia de amostras
contaminadas por aflatoxinas era esperada, uma vez que as doadoras que
forneceram este dado relataram um baixo consumo de amendoim, castanha do
Brasil e derivados, alimentos criticos no que se refere a presenca de
aflatoxinas. Entretanto, como as criangas sdo consideradas mais susceptiveis
aos efeitos das micotoxinas, a presenca destes contaminantes deve ser
constantemente monitorada e mantida no menor nivel de concentracdo

possivel.
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ANEXO A — APROVACAO DO PROJETO PELO COMITE DE ETICA

Universidade de Brasilia

Faculdade de Ciéncias da Saude
Comité de Etica em Pesquisa — CEP/FS

PROCESSO DE ANALISE DE PROJETO DE PESQUISA

Registro do Projeto no CEP: 027/11

Titulo do Projeto: “Avaliagdo da exposi¢do de criangas a micotoxinas e metais pesados
através do consumo de leite materno”.
Pesquisadora Responsavel: Patricia Diniz Andrade

Data de Entrada: 01/04/11

Com base na Resolugdo 196/96, do CNS/MS, que regulamenta a ética em
pesquisa com seres humanos, o Comité de Etica em Pesquisa com Seres Humanos da
Faculdade de Ciéncias da Saude da Universidade de Brasilia, apds anélise dos aspectos
éticos e do contexto técnico-cientifico, resolveu APROVAR o projeto 027/11 com o
titulo: “Avaliagdo da exposi¢do de criangas & micotoxinas e metais pesados através do
consumo de leite materno”, analisado na 3* Reunido Ordinaria, realizada no dia 12 de

abril de 2011.

A pesquisadora responsavel fica, desde j4, notificada da obrigatoriedade da
apresentagdo de um relatério semestral e relatorio final sucinto e objetivo sobre o
desenvolvimento do Projeto, no prazo de 1 (um) ano a contar da presente data (item

VIL.13 da Resolugdo 196/96).

Brasilia, 13 de abril de 2011.

Prof. Na onsores
Coordenador do CEP-FS/UnB

Comité de Etica em Pesquisa com Seres Humanos - Faculdade de Ciéncias da Satde
Universidade de Brasilia - Campus Universitario Darcy Ribeiro - CEP: 70.910-900
Telefone: (61)- 3107-1947 Email: cepfs@unb.br
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APENDICE A - CRONOGRAMA DE COLETA DE AMOSTRAS POR BANCO DE LEITE HUMANO
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Cronograma de coleta de amostras

Meses de coleta

BLH | Regional de Saude | N° total de amostras | Maio | Junho | Julho | Agosto | Setembro | Outubro | Novembro | Dezembro | Janeiro

HRAN
Asa Norte 24 2 2 2 3 3 3 3 3 3
Guara 12 2 2 2 1 1 1 1 1 1
Ceilandia 8 1 1 1 1 1 1 1 1 1
Riacho Fundo 6 1 1 1 1 1 1 1 1 1

HRAS
Asa Sul 24 3 3 3 2 2 2 3 3 3
Sao Sebastiao 12 1 1 1 2 2 2 1 1 1
Ceilandia 8 1 1 1 1 1 1 1 1 1
Candangolandia 4 1 1 1 1 1 1 1 1 1
Nucleo Bandeirante 4 1 1 1 1 1 1 1 1 1
Riacho Fundo 6 1 1 1 1 1 1 1 1 1
Guara 12 1 1 1 1 1 1 2 2 2

HRT
Ceilandia 8 1 1 1 1 1 1 1 1 1
Samambaia 24 3 3 3 3 3 3 2 2 2
Recanto das Emas 24 2 2 2 3 3 3 3 3 3

Taguatinga (incluir
Aguas Claras, 24 3 3 3 2 2 2 3 3 3
Vicente Pires, etc)

Riacho Fundo 6 1 1 1 1 1 1 1 1 1
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| Braflanda | 24 |3 |3 [ 3] 38 | 2 | 3 | 2 | 3 | 2 |

| cama | 24 | 2|3 |2| 3| 3 | 3 | 3 | 2 | 3 |
| SataMaia | 24 | 2| 3 |3 | 3 | 2 | 2 | 3 | 3 | 3 |

Paranoa 24 2 2 2 3 3 3 3 3 3
Sao Sebastido 12 2 2 2 1 1 1 1 1 1
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APENDICE B — CONVITE PARA PARTICIPACAO EM PESQUISA

As micotoxinas sdo substancias produzidas por fungos e que podem estar
presentes naturalmente em diversos alimentos que consumimos, podendo ser
transferidas para o leite materno. Desta maneira, gostariamos de convida-la a
participar desta pesquisa que tem como objetivo analisar a presenca de
micotoxinas nas amostras de leite materno.
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APENDICE C — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé estd sendo convidada a participar de uma pesquisa realizada na Universidade de
Brasilia em parceria com a Rede de Bancos de Leite do Distrito Federal. O objetivo
deste estudo é avaliar a presenca de micotoxinas e metais no leite materno.

A participagéo no estudo inclui o consentimento da doacdo de parte de uma amostra
de leite coletada para a Rede de Banco de Leite do Distrito Federal e o fornecimento
de dados tais como: idade, data do parto, data da coleta da amostra e enderego. O
material coletado durante a pesquisa ficara sob a responsabilidade de Patricia Diniz
Andrade, no Laboratério de Toxicologia da Universidade de Brasilia.

Os resultados obtidos auxiliardo no desenvolvimento de acgles preventivas
relacionadas ao controle da presenca destas substancias nos alimentos e serdo
publicados em artigos cientificos.

e O presente trabalho néo representa nenhum risco a sua saude.

e Sua participacdo sera sigilosa, ou seja, em nenhum momento da pesquisa
seu nome sera divulgado.

e Vocé podera optar por néo fornecer algum dado solicitado;

e Sua participacdo ndo é obrigatéria, podendo desistir de participar da
pesquisa a qualquer momento.

Vocé recebera uma coépia deste termo onde consta o telefone da pesquisadora
principal e do Comité de Etica em Pesquisa, podendo tirar suas dividas sobre o
projeto e sua participagéo, agora ou a qualquer momento.

Caso vocé concorde em participar, favor assinar o termo de consentimento abaixo.

Declaro que entendi os objetivos, riscos e beneficios de minha participacdo na
pesquisa e concordo em participar.

Nome da voluntaria:

Data: / /

Na ultima semana, vocé consumiu amendoim, pagoca ou outros produtos de
amendoim? Sim Nao

Na dultima semana, vocé consumiu castanha-do-par4 ou outros produtos
derivados da castanha? Sim Nao

Assinatura;

Nome da pesquisadora responsavel: Patricia Diniz Andrade

Assinatura;

Contatos: Patricia Diniz Andrade - OXX61 — 31072117/82270751 ou no Laboratério de
Toxicologia da Faculdade de Ciéncias da Saude da Universidade de Brasilia.

Comité de Etica em Pesquisas com Seres Humanos na UnB — 0XX61-31071947




