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Introducao

No decorrer de todo o plano de estudo do Mestrado Integrado em Ciéncias
Farmacéuticas (MICF) na Faculdade de Farmacia da Universidade de Coimbra (FFUC),
deparamo-nos com uma realidade teorica que se torna essencial na experiéncia profissional
dos estudantes que deste curso fazem parte. Assim sendo, torna-se fulcral para o término
dos estudos deste curso intensivo a realizagao de estagio curricular que pode apresentar
diversas facetas dependendo dos objetivos determinados por cada aluno em conjunto com

as instituigcoes que os acolhem.

Ao contrario do que se poderia verificar ha uns anos atras, o papel do farmacéutico
tem vindo a evoluir e a reforgar-se cada vez mais ao longo dos anos, o que torna a
valorizagdo da profissao farmacéutica um tema que ¢é discutido e debatido mais
regularmente. O farmacéutico deparou-se com a atual populagio que cada vez consome
mais informagao, boa e/ou ma, o que torna o seu papel muito desafiante, uma vez que existe
a necessidade de se informar, pesquisar, estudar e refletir para posteriormente poder
apresentar informagao fidedigna e corretamente transmitida a populagao. Havendo cada vez
mais investimento na investigacao surge mais desafios que poe o Farmacéutico de Farmacia

Comunitaria a prova na hora do aconselhamento e esclarecimento aos doentes.

Assim sendo, torna-se crucial a informagao certa, no momento certo, seja devido ao
aconselhamento farmacoterapéutico, adverténcia para possiveis interagoes medicamentosas,
efeitos secundarios, contraindicages. Também é essencial manifestar a importancia de
estilos de vida saudaveis como uma boa alimentagao e a pratica de exercicio fisico e a
selegao de alternativa farmacolodgica adequada para a situagao em que cada utente se

encontra.

Aquando do momento de escolha do local de estagio foi necessario ter em conta
diversas caracteristicas, nomeadamente Formagoes e Desenvolvimento de Competéncias,

objetivos e gestao de Qualidade e Orientagao Estratégica.

Por esse motivo, numa primeira instancia, realizei estagio curricular em Farmacia
Comunitaria na Farmacia Estadio, em Coimbra, sob a orientagao do Dr. André Paiva, o qual
teve duragao de || de janeiro de 2021 a 22 de maio de 2021, tendo retomado de 4 de
agosto de 2021 a |7 de agosto de 2021devido a situagao pandémica que se viu agravada no
inicio do estagio, levando a que a farmacia optasse por organizagao por turnos que dificultou
a realizagao do estagio no tempo inicialmente determinado, com a duragao final total de 817

horas de estagio.



O relatorio encontra-se segundo as Normas Orientadoras da Unidade Curricular
“Estagio” 2020/2021, com Andlise SWOT correspondente, com o objetivo de definir os
Pontos Fortes (Strengths) e Fracos (Weaknesses) do meu estagio curricular, bem como
Oportunidades (Opportunities) e Ameagas (Threats) a ser destacadas apos a realizagao do

estagio.

Apresentacao e Organizacao da Farmacia

A Farmacia Estadio encontra-se localizada na Rua D. Joao Ill, n.° Il desde 2006,
tendo tido uma localizagao anterior que, apesar da mudanga, conseguiu manter fiéis os seus
utentes, continuando muitos a frequentar a farmacia desde a sua abertura inicial. O seu
horario de funcionamento, durante a semana, verifica-se das 8h30 as 2|h e ao sabado das %h
as |9h que permite o seu funcionamento continuo, flexivel e diversificado, adaptado as

necessidades dos utentes.

Durante todo o seu percurso que ja conta com 64 anos, a Farmacia Estadio sofreu
diversos desenvolvimentos que levaram a que a qualidade de atendimento, local de trabalho
e metodologia de equipa sofressem constantes alteragoes, acompanhando as necessidades

dos utentes e mantendo a equipa organizada.

A Farmacia Estadio possui diversos locais de organizagao e espacos fisicos da
farmacia, nomeadamente, area de rececao de encomendas, armazém, 7 salas de atendimento
com balcao, gabinetes privados para servicos a doentes, laboratério de preparagao de
medicamentos manipulados, zona técnica, escritorio de Direcao Técnica, vestuario,
instalagoes sanitarias. Na zona do back office encontra-se o Robot de Farmacia (RD Rowa

Smart®), frigorifico, armérios de armazenamento de medicamentos e produtos por secgdes.

Para além do normal funcionamento de uma farmacia, a Farmacia Estadio dispoe de
diversos servigos uteis para os seus utentes, como Preparagao Individualizada da Medicacao
(PIM), consultas de podologia, consultas de nutri¢ao, administragao de injetaveis, medi¢cao de

indice de Massa Corporal (IMC), peso e altura, tensio arterial e pardmetros bioquimicos.

Para que todos os servigos disponiveis sejam possiveis, existe uma equipa organizada
para diversas tarefas. As categorias de cada profissional sio definidas pelo seguinte

organigrama:



Ana Isabel Rebelo
Geréncia
Diretor técnico

Maria Jodo
Domingues | Carolina
Cordeiro| Rute Silva

Contabilidade

I ]

André Paiva
Farmacéutico |——
Sustituto

Mbnica Gomes Luis Cavaleiro Ana Caldeira
Farmacéutico Farmacéutico Farmacéutico
Edite Dinis
— Técnico de
Farmacia
Sara Freitas Dina Rodrigues
Técnico Auxiliar Técnico Auxiliar
de Farmacia de Farmacia
Jodo Pedro Roxo

Caixeiro

llustracdo | — Organigrama da Equipa da Farmdcia Estddio com indicagdo do nome e respetivas categorias
profissionais.

Desde o inicio do periodo de estagio houve sempre demonstragao de preocupagao e
interesse pelas competéncias a serem transmitidas, bem como o plano de estigio que a

Farmacia propunha, o que assegura um bom estagio curricular.

Desempenhei diversas fungoes e servigos, entre eles rececao de encomendas dos
diversos formatos (didrias, instantaneas, manuais ou via verde), gestao de reservas,
acondicionamento adequado, regularizagao de entradas e saidas de psicotropicos, notas de
devolugoes, registo e atendimento telefonico a domicilios, observagao de preparagao e
preparagao de medicamentos manipulados, preparagao individualizada de medicagao,
medicao de parametros bioquimicos e fisiologicos (pressao arterial, glicémia, colesterol total
e glicémia), formagoes dermocosméticas, registo de testes rapidos de antigénio (TRAg) a
COVID-19, atendimento e dispensa de medicamentos, atendimento de dispensa de receita
médica nos seus diversos formatos (receita manual, receita eletronica), entre muitas outras

responsabilidades intrinsecas no papel diario de um farmacéutico.



Analise SWOT
PONTOS FORTES

I. Equipa

Para além de todos os elementos da equipa serem capacitados e que demonstram
competéncias nos diversos servicos que proporcionam, a Farmacia Estadio € composta por
elementos diversificados em qualificagoes e desempenhos, uma vez que é constituida tanto
por elementos que contam com anos de experiéncia, como por farmacéuticos recentes com
variadas areas de especificagdo. Tornou-se desde logo acessivel contactar com todos os
elementos da equipa que sempre demonstraram interesse em partilhar conhecimentos e em

ajudar em determinadas atividades nas quais sentia alguma dificuldade.

Cada elemento possui determinadas responsabilidades, seja na rapida resposta a
instituicoes, na preparagao individualizada da medicacao (PIM) ou na preparagao de
manipulados, o que se verifica numa transparéncia simples para que nao haja sobreposigao

de tarefas.

2. Localizacao

Devido a sua localizagao, no centro da cidade, é facilmente frequentada pela
populagao. A afluéncia é essencialmente de utentes habituais, uma vez que existem
residentes muito proximos a farmacia, o que é uma caracteristica muito favoravel devido ao
seu movimento habitual, no entanto também é uma componente que incute muita
responsabilidade para demonstragao de competéncias no atendimento mais completo, eficaz

e o mais rapido possivel, dependendo da situagao a ser avaliada.

Para além disso, uma vez que esta rodeada de clinicas de saude, existe procura de
medicamentos muito especificos para tratamentos prolongados ou temporarios, procura
essa que € mantida através de um sistema de stock sempre atualizado e otimizado, de forma

que esses produtos nao estejam em falta no momento de interesse do utente.

3. Organizagao de Produtos

Regularmente, cada farmacia apresenta a sua organizagao natural dos produtos, sejam
eles Medicamentos Sujeitos a Receita Médica (MSRM) ou Medicamentos Nao Sujeitos a

Receita Médica (MNSRM) ou Produtos de Venda Livre (PVL), como cosméticos,
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medicamentos homeopaticos, dispositivos médicos. Tornou-se muito acessivel compreender
a disposicao organizacional dos produtos, mesmo nao tendo nenhuma experiéncia em
estagios anteriores. Para além disso, esta etapa inicial do estagio tornou-se crucial para,
posteriormente na etapa do atendimento, saber onde estavam dispostos os produtos

requisitados ou aconselhados.

4. Plano de Estagio

Desde o momento de apresentacao da Farmacia, de todos os elementos da equipa,
do seu espago e da historia de evolugao, foi apresentado um plano de estagio organizado e
com todos os parametros que deveriam ser cumpridos ao longo de todo o estigio. A
Farmacia Estadio elaborou este plano de acordo com os requisitos da FFUC, envolvendo os

seguintes pontos:

e Organizagao e Gestao de Farmacia;

e Fungoes relacionadas com o aprovisionamento, armazenamento e gestao de
exigéncias de medicamentos e produtos de saude;

e Preparagao de medicamentos;

e Interacao farmacéutico/doente/medicamento;

e Dispensa de medicamentos;

¢ Informagao e documentagao cientifica;

e Automedicagao e cuidados de saude prestados na farmacia.

Todos os parametros foram realizados por fases tendo em consideragao o
desempenho em cada etapa, aumentando o nivel de responsabilidade aplicada. Comecei pela
rececao de encomendas seguido do aprovisionamento dos produtos, o que permitiu logo
familiarizacao e reconhecimento de produtos e do seu objetivo, gestao de logistica, gestao
de PVF e PVP, alerta de prazos de validade e funcionamento de Robot de Farmacia (RD Rowa

Smart®) de armazenamento de alguns produtos.

Em paralelo, e apesar de ja ter conhecimentos do plano de estudos para o realizar,
obtivemos formagao acerca de medigao de parametros bioquimicos e fisiologicos, de modo
que todos os procedimentos fossem realizados de modo similar por toda a equipa. Assim,
sempre que requisitado, realizei medicdo dos parametros anteriormente referidos, bem
como alertei para situagoes e aconselhamento de consultas fornecidas pela farmacia. As
consultas disponiveis para os utentes sao consultas de nutrigio que eram realizadas no

gabinete de utente da farmacia e consultas de podologia, que eram recomendadas mais
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regularmente a utentes diabéticos. Preparacao Individualizada de Medicagao (PIM) também
foi uma das tarefas iniciais que era realizado ao longo da semana, gestao de entrada e saida
de psicotropicos e registo de Testes Rapidos de Antigénio (TRAg) comparticipados e nao
comparticipados, bem como outras fungoes prévias a atendimento ao publico. Tive também
oportunidade de auxiliar na preparacio de Produtos Manipulados mais simples que sao

sempre realizados pelo farmacéutico responsavel.

Apos introdugao a todas estas tarefas, comecei a assistir a atendimentos de modo a
compreender os diversos processos do atendimento e conseguir conciliar a partilha de
aconselhamentos com a gestio do Sistema Sifarma® Apds esta fase inicial, houve uma
adaptagao a atendimentos, os quais eram seguidos por um farmacéutico da equipa. O
farmacéutico realizava o aconselhamento enquanto me ambientava ao sistema Sifarma® que
se encontrou uma lacuna, ja que nos é fornecido o sistema antigo em MICF e ja é utilizado o
novo sistema. Passado algum tempo, iniciei atendimentos independentes, tanto em
aconselhamentos de determinadas situagoes particulares, mas também com diverso tipo de
receitas, sejam elas eletronicas, manuais, com diversos planos de comparticipagao, bem

como diverso tipo de utentes que incutiam cuidados particulares.

5. Sistema de Gestao de Qualidade (SGQ)

Como a Farmacia é certificada relativamente a Qualidade, todos os servigos estao de
acordo com a norma NP EN ISO 9001:2015', o que implica a sua aplicagio continua. Apesar
de existirem maiores exigéncias de responsabilidades e maior rigor nos servigos, confere
maior credibilidade e maior confianga, apesar do possivel desconhecimento deste ambito
técnico. Assim sendo, todos os membros da equipa necessitam de cumprir o SGQ,

controlado pelo Responsavel pela Qualidade, através das Boas Praticas Farmacéuticas (BPF).

6. Preparagao Individualizada da Medicagao (PIM)

Existem dois tipos de servigcos de PIM disponibilizados a populagao, através da sua
preparagao de forma manual, utilizando esquema semanal com divisao de “pequeno-almogo”,
“almogo”, “jantar” e “deitar” com os respetivos medicamentos a serem tomados (Anexo |).
Este servico pode ser recomendado a utentes que se perceba a sua necessidade,
demonstrando o seu beneficio e importancia, seja devido a elevada quantidade de medicagao,

varias tomadas diferenciadas e/ou esquecimento frequente do utente.



Também existe um sistema de preparagao com auxilio de Maquina de PIM com as
mesmas divisorias, mas neste caso em saquetas com os respetivos medicamentos
administrados a cada doente, com um esquema terapéutico que todas as semanas €
verificado pelos responsaveis por cada doente e pelo farmacéutico responsavel pela
preparagao e programagao do esquema (Anexo 2). Este método, apesar dos seus gastos e
manutengoes, rentabiliza a preparagio da medicagao, aumenta a rastreabilidade (lotes e
validade), diminui o tempo gasto, aumenta a eficiéncia e diminui possiveis erros. Este
esquema é mais frequente para instituicoes a que sao fornecidas medicagoes, que cada vez
mais utilizam este esquema, facilitando o seu trabalho e tornando o esquema
farmacoterapéutico de cada utente mais seguro, acessivel, compreensivel e com maior
seguimento de diversos profissionais de salde que analisam e realizam revisao

farmacoterapéutica, sendo um método que beneficia o utente.

7. Reunides Kaizen

As Reunides Kaizen surgiram como um conceito de sugestio de mudangas ou
melhorias que a equipa considera relevantes para alcangar novas metas e melhoria de
desempenho®. Assim, através de reunides regulares, este método tem como objetivo
otimizar, reduzir espagos, tempos e recursos, elaborando um plano de gestao particular e

personalizando, consoante as necessidades e metas da farmacia.

Esta iniciativa, que nem todas as farmacias optam por introduzir, produz maior

eficiéncia e progressao da farmacia, levando a maiores resultados e melhorias necessarias.

PONTOS FRACOS

|I. Plano Curricular de MICF

Ao longo do estagio, deparei-me com a dificuldade em lidar com situagoes praticas e
diarias de um farmacéutico, o que me mostrou a realidade do atual funcionamento do
ensino. Apesar de ser vasto em conhecimentos, Unidades Curriculares e partilha de
ensinamentos, o ensino atual instaurado em MICF, nao apresenta o verdadeiro contacto com
a profissao farmacéutica no ambito de Farmacia Comunitaria. Uma vez que a maioria das
horas de estagio a serem cumpridas sao em Farmacia Comunitaria (810 horas), seria
interessante incluir mais praticidade deste regime no plano de estudos, evitando, assim, uma

lacuna no exercicio do estagio. Apesar disso, € possivel a realizagao de estagio de verao e
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outras oportunidades que podem ser apresentadas, no entanto, nao considero que sejam
experiéncias que cubram completamente a falta de componente pratica que se verifica no

plano de estudos de MICF.

Esta realidade é maioritariamente vivenciada quando decorre o inicio do
atendimento. Sendo um momento muito ansiado, torna-se também um momento onde
reconheci falta de confianga, uma vez que nao possuia qualquer experiéncia, nem
relativamente ao modo de abordagem a cada situagao, nem da forma como deveria
aconselhar quando me fosse requisitada alguma opiniao. Naturalmente que apenas com
repeticao de atendimentos e confronto com diversas situagoes se ganha experiéncia, no
entanto, considero que se houvesse algum treino em determinadas Unidades Curriculares

seria benéfico para todos os alunos.

2. Venda de MNSRM fora das farmacias e Automedicagao

Ja que é possivel a venda de MNSRM em parafarmacias e grandes superficies
comerciais, apesar de facilitar o acesso destes medicamentos, promove a automedicagao que
pode originar possiveis problemas de saiude. Assim sendo, mesmo o farmacéutico explicar
potenciais prejuizos e mostrar alternativas viaveis, o utente acaba por decidir pelo que lhe é

mais conveniente e nao pela recomendagao.

Por diversas vezes fui confrontada com situagoes de abordagem delicada nas quais o
utente nao cumpria com as recomendagoes de uso do firmaco, podendo provocar situagoes
de salde complicadas como episodios de intoxicagao, hipersensibilidade e resisténcia a
medicamentos. Por este motivo, considero como um ponto fraco do meu estagio a

dificuldade de abordagem a estas situagoes.

OPORTUNIDADES

I. Produtos Manipulados

Para que seja possivel fornecer a populagio todo o tipo de produtos com
caracteristicas particulares para cada utente, a Farmacia possui um laboratoério equipado, o
que permite preparar produtos manipulados. Para isso, é necessario cumprir com as boas

s . ~ . . ;. . 3 .
praticas de preparagao de medicamentos manipulados em farmacia de oficina® e hospitalar e

também cumprir a prescrigio e a preparagio de medicamentos manipulados®.



Apesar de nao ter realizado nenhum manipulado, tive oportunidade de auxiliar na
preparagao de capsulas a base de minoxidil para promover crescimento capilar e visualizar
outras preparagoes. Além disso, tive a percegao do método de cilculo para definicio do
preco final, através do calculo das matérias-primas, mao-de-obra, gastos associados entre

outros’.

Assim sendo, vejo como uma oportunidade de estagio a preparagio de produtos
manipulados, uma vez que permite distinguir a formagao dos estagiarios, bem como criar

uma mais-valia para possiveis oportunidades profissionais.

2. Formagoes

Como é natural, informagoes novas e produtos novos sao criados constantemente, o
que se torna complicado de manter sempre atualizado. Assim sendo, no Codigo
Deontolégico consta que a correta pratica da profissao farmacéutica deve estar associada
aos constantes desenvolvimentos farmacéuticos de todos os ambitos®. Por isso, a equipa esta
sempre atualizada relativamente a formagoes disponiveis e, uma vez que demonstrei
interesse em participar nas mesmas, tive oportunidade de receber formagoes no ambito de
dermocosmética, nomeadamente formagdes da Bioderma®, Caudalie® e Uriage®. Todas elas
complementaram a informagao que ja possuia do curso, o que permitiu unir conhecimentos
cientificos com o aconselhamento dos produtos certos e, também, saber como abordar as
questoes ao utente. Por vezes era possivel abordagem formativa na Farmacia por algumas
marcas, nomeadamente Curaprox®, Fisiocrem® e Nurofen® que permitiram conhecer
algumas utilidades distintas de produtos, o que foi benéfico para um aconselhamento

diferenciado e mais assertivo.

Estas formagoes foram uma oportunidade, ja que, de outra forma, nao teria acesso as

mesmas, promovendo novos conhecimentos e novos ambitos pedagogicos complementares.

3. Preparacao Individualizada da Medicagao (PIM)

Apesar de ja ter colocado como um dos Pontos Fortes do estagio, classifico como
uma oportunidade para futuras etapas de plano de estagio. Uma vez que nao temos uma
abordagem pratica deste tema, seria interessante inseri-lo para que haja um ensino amplo de
todas as componentes tedricas que estao incluidas no plano de estudos. Apesar disso, € algo

que depende naturalmente dos servigos disponibilizados pela farmacia em questao e, por



esse motivo, pode ser um dos componentes a ter em atengao aquando da escolha do local

de estagio.

Quando abordado em diversas Unidades Curriculares, PIM sempre foi um servico
pelo qual me interessei, pelo que se tornou uma oportunidade conveniente e (til para que

pudesse experienciar as diversas formas de realizagao deste servigo.

4. Gestao de vendas e Organizagao — Grupo Maisfarmacia

Apesar de ao longo do plano curricular abordarmos tanto as diversas formas de
gestao de uma farmacia, tanto a sua forma de organizagao, cada farmacia realiza a sua gestao
e organizagao de formas distintas. Por exemplo, farmacias que fagam parte do Grupo
Maisfarmacia e integram as Farmacias Portuguesas, nao s6 possuem diversos objetivos que
devem cumprir, como também existem produtos que devem estar em exposigao, que fazem
parte desse grupo, e que tém uma disposicao especifica. O cartio das Farmacias Portuguesas
associado a este grupo, através da acumulagao de pontos com a posterior possibilidade de

estes serem utilizados em determinados produtos ou em vales de desconto numa compra.

Para isso, existem objetivos coletivos e objetivos individuais, de forma a motivar cada
membro da equipa, bem como fomentar o trabalho em equipa, cultivando proatividade, que
interpretei como um ponto muito forte tanto para a farmacia como para o meu estagio, uma
vez que me levou a conhecer ainda mais todos os produtos e servigos disponiveis como
também para melhorar cada vez mais a minha forma de atendimento, de aconselhamento

cruzado e transmissao de informagoes relevantes para cada utente.

Este método permite criar sistemas de gestio e estratégias de marketing
farmacéutico de modo a incentivar a equipa a cumprir os objetivos delineados, mas sem

deixar de esquecer o elemento principal, o utente e a satisfagao das suas necessidades.

5. Vivenciar Duas Realidades

Ao longo do tempo de estagio e devido ao agravamento no numero de casos de
COVID-19, houve diversas equipas que viram o seu nimero de elementos reduzidos, devido
a possiveis contactos ou devido a um caso de COVID-19. A Farmacia em questao, devido a
este problema, contactou a Diretora Técnica da Farmacia Estadio, Dra. Ana Isabel Rebelo
que prontamente falou com alguns estagidrios de forma a questionar se estariamos

disponiveis para ajudar, pelo que, durante uma semana tive a oportunidade de conhecer uma



realidade diferente, nao sé de organizagao de produtos e gestao da farmacia, mas também na

abordagem aos utentes que eram maioritariamente utentes fidelizados e regulares.

Uma vez que a organizagao da maioria dos produtos na Farmacia Estadio é realizada
pelo Robot de Farmacia (RD Rowa Smart®), quando deparada com a organizagio por gavetas,
esta situagao tornou-se uma oportunidade de conhecer outros métodos que de outra forma

me era desconhecido.

AMEACAS

|. Sistema Informatico Sifarma®

Durante o curso, tive a oportunidade de contacto com o Sifarma 2000° uma
ferramenta organizada pela Glintt®, que de certa forma ajudou a que o seu funcionamento
seja intuitivo. No entanto, estd em vigor o novo sistema do Sifarma 2020® que apresenta um
formato mais atualizado e com um formato diferente o que levou a que em determinados

momentos iniciais do seu funcionamento, necessitar de algum apoio e explicagao do seu uso.

Uma vez que a sua utilizagio na Farmacia varia, em alguns momentos tornou-se
confuso, porque muitas das suas fungdes nao se encontram ainda a funcionar na sua
plenitude. As encomendas sao um exemplo, ja que existem diversas funcionalidades que nao
estao prontas para o seu uso, por isso, utiliza-se ainda o sistema anterior. Ja quando se trata
de atendimento e gestao de encomendas e produtos, o sistema mais recente é utilizado,
sendo uma mais-valia devido a sua informacao cientifica disponibilizada de uma forma muito
acessivel, acesso ao historico de cada utente caso possua ficha atualizada na farmacia, bem

como encomendas e reservas disponiveis.

2. Medicamentos homeopaticos

Devido a localizacido da Farmacia Estadio, existem diversas clinicas na sua
proximidade, o que leva a que alguns dos seus clientes venham direcionados das mesmas.
Um desses casos é uma clinica de medicina integrativa que direciona os seus utentes para a

farmacia, uma vez que os produtos se encontram sempre disponiveis.

Assim sendo, tive contacto com diversos produtos homeopaticos, no entanto este
nao € um assunto que seja abordado no plano curricular, por este motivo, em situagao de
questoes sobre estes produtos € algo complicado de abordar. Existe cada vez mais procura

por estes produtos, por isso considero uma ameaga nao haver contextualizagao destes
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mesmos produtos ao longo do curso de modo que possamos realizar um aconselhamento

correto e com informacao diferenciada.

Casos Clinicos

Caso Clinico |

FB, um senhor de 50 anos saudavel, dirige-se a farmacia devido a desconforto
associado a “prisio de ventre”, solicitando Dulcolax® (bisacodilo). Apés realizar algumas
questoes ao utente relativamente ao motivo do seu pedido, apercebi-me que se tratava de
uma situagao recorrente e que, sempre que acontecia, o utente utilizava sempre este
produto. Devido as caracteristicas deste medicamente, expliquei ao utente que o uso
sistematico destes medicamentos poderia levar a desidratagao por perda de agua resultante
do seu mecanismo de agao, assim como poderia causar habituagao. O utente mencionou que
estava em teletrabalho e que tinha alterado a sua dieta. Mencionei que obstipagao é muito
comum em casos de pessoas que se encontram em muitas situagoes de stress, que estao
muito tempo sentadas, que sofrem alteragao de dieta e que ingerem menos liquidos, por
esse motivo alertei para aumentar a ingestao de alimentos ricos em fibra para aumentar o
volume das fazes e torna-las mais macias, levando a sua progressao pelo intestino, como sao
exemplo legumes, frutas e cereais. Para além disso, alertei para beber mais agua, praticar
alguma atividade fisica (por exemplo caminhadas) para estimular e facilitar a progressao das
fezes. Adicionalmente, mencionei a importancia de criar um habito de defecagao (ir a casa de
banho, preferencialmente de manha apds o pequeno-almogo, com tempo e nunca ignorar a
vontade de defecar), levando a reeducagao dos intestinos. De forma que sentisse um alivio
mais imediato, aconselhei Duphalac® ou o Laevolac® Ameixa, que como sio ambos
compostos por lactulose, sao laxantes osmoéticos, promovendo o efeito pretendido com
menor irritagao da mucosa intestinal, apesar de so se fazerem notar ao fim de 2 a 3 dias de
tratamento. A dose recomendada é de 30 mL por dia em duas tomas, uma antes do

pequeno-almogo e outra antes do almogo.

Caso Clinico 2

AB, uma senhora de 45 anos, dirige-se a farmacia solicitando um produto para
tratamento de fungos nas unhas. Apds perceber que o tratamento se indicava para as unhas
dos pés, questionei qual o sinal que a unha apresentava. A utente afirmou que a unha

apresentava uma mancha amarelada na extremidade e que lhe parecia baga, sem o brilho
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natural da unha. Tratando-se de uma onicomicose, uma infe¢ao fungica comum nas unhas,
aconselhei-lhe Nailner®, um verniz antifingico de aplicacio na unha que necessita de

tratamento.

Expliquei que deveria aplicar o verniz 2 vezes por dia (manha e noite) nas primeiras 4
semanas de tratamento. Apos este periodo, a aplicagao pode ser realizada | vez por dia, até
ao periodo de renascimento da unha. Expliquei que a primeira etapa para cada aplicagao
seria limar a area afetada da unha, utilizando as limas descartaveis do produto, de seguida
utilizar as saquetas que contém uma compressa com alcool para limpar a unha e, por fim
aplicar o verniz na superficie da unha afetada com as espatulas do produto e deixar secar.
Sendo um processo moroso dependendo do crescimento da unha, alertei para a fulcral

continuidade do tratamento.

Além disso e de forma que evitar reaparecimento ou progressao do fungo, mencionei
a importancia de higiene dos pés, bem como a sua secagem, trocar de meias diariamente ou
sempre que sentir os pés transpirados, evitando a humidade que estimula o desenvolvimento
do fungo. Alertei para evitar o uso de calgado apertado e uso de verniz ou unhas falsas, para
evitar acumulagao de humidade. A unha nao deve estar coberta, para nao camuflar a sua
aparéncia. De modo a poder realizar manutengao do fungo ou caso piore, informei a

possibilidade de frequentar uma consulta de podologia, disponivel na farmacia.

Caso Clinico 3

SR, senhor de 40 anos, dirige-se a farmacia solicitando Antigrippine® Trieffect. Apos
ter questionado quais os sintomas que apresentava, o utente informou que tinha realizado
teste 2 COVID-19 para despiste da doenga, mas que sentia congestao nasal e pressao
naquela regiao. Questionei e tinha algum quadro de febre ao que o utente me respondeu de
forma negativa e, posteriormente, questionei se sentia algum pingo no nariz e espirrava
frequentemente. O utente, apos pensar um pouco, afirmou que apresentava os dois
sintomas. Como o utente nao apresentava nenhuma doenga diagnosticada, aconselhei o uso
de Spray Nasal Vibrocil® Actilong Duo (brometo de ipratrépio + cloridrato de
xilometazolina), ja que este é aconselhado em situagoes de congestao nasal, pingo no nariz,

rinorreia, pressao sinusoal e espirros.

Indiquei que devia utilizar uma pulverizagao em cada narina, no maximo 3 vezes por
dia, durante 7 dias, tendo o cuidado de fazer intervalo entre cada administragao de, pelo

menos, 6 horas. Deve inclinar a cabega ligeiramente para a frente e tapar a narina oposta e
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inspirar simultaneamente a pulverizagao. Além deste produto, evidenciei a importancia de
realizar limpeza prévia nasal e, por esse motivo, aconselhei limpeza com soro fisiologico.
Alertei, também, para possivel secura das vias nasais quando usado por tempo prolongado,
por isso aconselhei o lubrificante nasal Wet® Gel Nasal, para evitar este efeito. Caso a

situagao piore ou persista, consultar farmacéutico ou médico.

Considerac¢oes Finais

Apos este periodo de estagio, posso afirmar que foi dos maiores desafios de todo o
meu percurso em MICF. Sem qualquer divida que foi uma experiéncia enriquecedora, que
me permitiu consolidar muitos conhecimentos que adquiri ao longo do curso, conhecer a
verdadeira realidade de funcionamento de uma farmacia e, também, conhecer o percurso do

medicamento numa farmacia.

Considero que a area de Farmacia Comunitaria € a que mais consegue efetivamente
criar uma ligagao do farmacéutico com a comunidade e ¢ visivel o esforgo feito diariamente
para que o utente se sinta acompanhado no local de salde. Todos os desafios diarios
contribuiram para o meu enriquecimento profissional e agrade¢o a todos os membros da

Farmacia Estadio por todos os ensinamentos que me transmitiram.

Com intengao de me manter em constante aprendizagem, termino esta etapa com
reforco de admiragao pela profissao farmacéutica, esperando contribuir para o aumento da

sua valorizacao.
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Anexos

Anexo | - Imagens de diversas formas de Preparagao Individualizada da Medicagao (PIM)

llustragdo 2 - PIM com auxilio de Maquina de Preparagdo Individual de Medicagdo.

25



Anexo 2 — Maquina de Preparagao de Medicagao

llustragdo 3 - Mdaquina de PIM.

llustracdo 4 - Tabuleiro de Maquina de PIM.
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Anexo 3 - Robot de Farmacia (RD Rowa Smart)
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llustracdo 5 - Robot de Farmdcia (RD Rowa Smart®).
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Lista de Abreviaturas

BasePoint — BasePoint Consulting Services

CIR — Cosmetic Ingredient Review

Coslng — Cosmetic Ingredient database

ECHA — European Chemicals Agency

FDA — Food and Drug Administration

FFUC — Faculdade de Farmacia da Universidade de Coimbra
MICF — Mestrado Integrado em Ciéncias Farmacéuticas
PIF — Product Identification File

RDM — Regulamento relativo a Dispositivos Médicos
SCCS - Scientific Committee on Consumer Safety

SFDA — Saudi Food & Drug Authority

SWOT - Strenghts, Weaknesses, Opportunities, Threats

29



Introducao

O Estagio Curricular do Mestrado Integrado em Ciéncias Farmacéuticas (MICF) da
Faculdade de Farmacia da Universidade de Coimbra (FFUC), para além do ambito da
Farmacia Comunitaria contempla a possibilidade de realizar mais uma etapa de estagio numa
outra area. Por este motivo, escolhi a area dos Assuntos Regulamentares para que pudesse

experienciar um dominio diferente da profissao farmacéutica.

Tomei a decisao de realizar a segunda parte do estagio na BasePoint Consulting
Services, empresa que presta servicos de consultoria a diversas empresas para facilitar a
conclusao de etapas regulamentares necessarias. Estes servigos englobam diversas areas de
competéncia para as quais um farmacéutico é essencial, como é o caso de Produtos

Cosméticos, Suplementos Alimentares, Dispositivos Médicos, Biocidas e Produtos Quimicos.

Atualmente, o papel do farmacéutico, para além da area cientifica e quimica que
naturalmente se impoe, necessita de conhecimentos de direito, gestao, marketing e muitos
outros, o que se tornou uma base essencial para o desempenho deste estagio e me ajudou a
abrir horizontes relativamente a todas as opgoes disponiveis para exercer a profissao
farmacéutica. Ao longo do periodo de estagio foi possivel aprofundar conhecimentos na area
dos Assuntos Regulamentares, nas valéncias acima mencionadas. Assim, tive oportunidade de
aprofundar conhecimentos em areas como Produtos Cosméticos, Suplementos Alimentares

e Dispositivos Médicos.

Realizei estagio curricular em IndGstria, mais especificamente em Assuntos
Regulamentares, na BasePoint Consulting Services sob orientagdo da Dra. Beatriz Costa
durante o periodo de 4 de maio de 2021 a 30 de julho de 2021, perfazendo um total de 430
horas de estagio. Devido a situagao pandémica o estagio foi realizado em formato de

teletrabalho.

O relatoério encontra-se organizado segundo as Normas Orientadoras da Unidade
Curricular “Estagio” 2020/2021, com Analise SWOT correspondente, definindo os Pontos
Fortes (Strengths) e Fracos (Weaknesses) do estagio curricular, bem como Oportunidades

(Opportunities) e Ameacas (Threats) a ser destacadas apos a realizagao do estagio.
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BasePoint e sua Equipa

A BasePoint Consulting Services € uma empresa de prestagao de servigos de
consultoria que se encontra sediada em Coimbra, especificamente na Rua Padre Estevao
Cabral n.° 79, Sala 105, 3000-317 Coimbra, com horario de funcionamento das 9h as |9h
durante os dias Uteis. Exerce as suas fungoes desde 2015 e tem como objetivo principal
gerar um novo género de servigos de consultoria para os seus clientes. Além de lidar com
um vasto numero de clientes nacionais, conta ja com muitos clientes internacionais, uma vez
que conseguem acompanhar os clientes em qualquer fase de desenvolvimento dos produtos,
sejam eles Cosméticos, Suplementos Alimentares, Dispositivos Médicos, Biocidas e Produtos
Quimicos. Exercem diversos servicos de apoio sejam eles inspegoes, certificagoes e/ou
notificagdes, primando por criar solu¢goes aprimoradas para resolugao de problemas

especificos.

A equipa é composta por 5 membros atualmente, Dr. David Costa, Dra. Carmen
Pinto, Dra. Beatriz Costa, Dra. Inés Martins e Dra. Jéssica Silva, sendo esta uma equipa

multidisciplinar e organizada.

Durante o estagio tive a oportunidade de contactar com as areas de cosmeéticos,
suplementos alimentares e dispositivos médicos e realizar as mais diversas atividades, como
avaliagao de rotulagem das trés areas, realizagao de Ficheiros de Identificagdo do Produto,
mais conhecido pelo termo em inglés Product Identification File (PIF) relativos a produtos
cosméticos, pesquisas sobre variados temas, como reconhecimento mutuo, requerimentos
relativos a Food and Drug Administration (FDA) e Saudi Food & Drug Authority (SFDA), bem
como duas apresentagoes a ser realizadas para a equipa, a primeira sobre ISO 16128 relativa
a definigoes técnicas de produtos cosméticos naturais e organicos e a segunda apresentagao
sobre as alteragoes que foram realizadas recentemente referentes aos Dispositivos Médicos,

o Regulamento Relativo aos Dispositivos Médicos (RDM).
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Analise SWOT
PONTOS FORTES

I. Equipa

Sendo uma equipa multidisciplinar, todos os seus membros possuem fungoes
especificas o que permite uma organizagao constante das tarefas a serem realizadas. Além
disso, uma vez que trabalhdmos em teletrabalho, era possivel uma comunicagao
praticamente imediata com todos os elementos através da utilizagao de Microsoft Teams,
onde recebia informagao dos objetivos que iam sendo propostos e colocava as duvidas que
iam surgindo. Desde logo foi muito acessivel esta comunicagdo, uma vez que sempre
demonstraram interesse em ajudar, manifestaram motivagdo e confianga e vontade de
transmissao de conhecimentos apesar das circunstancias do teletrabalho. De referir que ter

uma colega de curso a realizar o estagio simultaneamente facilitou a adaptacao.

2. Formagoes Internas

O Estagio iniciou com uma demonstracao do que iriamos realizar durante esse
periodo e com uma breve apresentagao das formagoes que iriam ser divididas em modulos.
A primeira formagao recaiu sobre as bases gerais de Regulamentos, Decretos-Lei e
Diretivas, que se mostrou muito importante para conseguir interpretar todos os
documentos a analisar ao longo do estagio. De seguida, realizei uma formagao associada a
Avaliacao de Rotulagem de Produtos Cosméticos e, posteriormente formagao de como
realizar PIF’s de Produtos Cosméticos onde se abordou e analisou pormenorizadamente o
Regulamento (CE) n.° 1223/2009 de 30 de novembro' e o Decreto-Lei n.° 189/2008 de 24
de setembro®’. Para a realizacgio das Avaliagdes de Rotulagem e dos PIFs foram
disponibilizados os documentos base para que pudesse adicionar a informagao correta para
que os documentos ficassem todos uniformizados. Também se tornou crucial a pesquisa em
diversas plataformas como European Chemicals Agency (ECHA), Cosmetic Ingredient database

(Coslng), Cosmetic Ingredient Review (CIR) e Scientific Committee on Consumer Safety (SCCS).

Posteriormente, obtive formagao sobre Legislagio de Suplementos Alimentares onde
decorreu a anilise do Decreto-Lei n.° 118/2015 de 23 de junho® de modo a que pudesse
proceder a Avaliagao de Rotulagem e Notificagdo de Suplementos Alimentares, com analise
de ingredientes, aditivos alimentares, alegacoes de salde, informagdes ao consumidor e

ingredientes proibidos. Foram disponibilizados, a semelhanga dos cosméticos, documentos
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base para analisar a informagao corretamente e para que ficassem todas as avaliagoes

uniformes.

Como ultimo tema, foi abordada a Legislagao de Dispositivos Médicos, através da
andlise do Regulamento (EU) n.° 2017/745 de 5 de abril*, que permitiu perceber as regras
necessarias para colocagao no mercado e a sua disponibilizagado. Em primeira instancia
realizei Avaliagdo de Rotulagem de dispositivos médicos e, como Ultima tarefa, realizei

pesquisa, sugestao de rétulo e documentagao técnica de um Dispositivo Médico.

3. Responsabilidades Dirigidas

Ao longo do estagio foram indicadas tarefas e, apesar de haver sempre
disponibilizagao para esclarecimento de duvidas, entregues quando finalizadas. Este método
permitiu transmitir confianga no trabalho, criar autonomia e gerar desenvolvimento pessoal,
através de pesquisa e analise dos documentos apresentados nas formagoes a titulo pessoal.
Assim, a responsabilizagao e as tarefas dirigidas permitiram que me esforgasse na realizagao

de pesquisas e apresentar as tarefas com a maxima informagao.

PONTOS FRACOS

I. Impossibilidade de Reunices com Equipa e Clientes

Devido ao formato teletrabalho, nao foi possivel experienciar todas as oportunidades
que poderiam estar disponiveis, como as Reunides com a Equipa e as Reunides com
Clientes. Assim sendo, devido a situagao pandémica atual, nao foi possivel contactar com a
experiéncia completa, o que impossibilitou desenvolver capacidades que em formato

presencial teria sido possivel.

2. Plano Curricular de MICF

As Unidades Curriculares de MICF apresentam uma vasta gama de conhecimentos
tedricos importantes para a formagao do farmacéutico. No entanto, nao é possivel ter
contacto com contextos reais ao longo do curso, o que se tornou notério quando foram
abordadas as bases legais essenciais para a realizagao do estagio. Sem este conhecimento
prévio nao seria possivel realizar muitas das tarefas propostas ao longo do estagio,

salientando a andlise dos variados documentos apresentados.
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Além disso, as areas de Suplementos Alimentares e de Dispositivos Médicos, nao
foram abordadas na componente de Assuntos Regulamentares, o que leva a uma lacuna,
dificuldade de compreensao e necessidade de maior acompanhamento exigido neste formato

de estagio.

OPORTUNIDADES

|. Diversidade de Estagios

A area dos Assuntos Regulamentares é um ambito diferenciado da profissao
farmacéutica, no qual o seu conhecimento e desempenho sao essenciais, por esse motivo
escolhi esta area e, também, para experienciar um dominio diferente da formagao base do
farmacéutico. Uma vez que é dificil entender as diferentes vertentes do exercicio da
profissao, foi uma otima oportunidade para perceber o papel do farmacéutico e todos os
ambitos nos quais as competéncias do mesmo sio cruciais e adquirir novas competéncias
que sao abordadas ao longo de curso de MICF, tornando os ensinamentos tedricos em

concretizagoes praticas.

2. Experiéncia em Areas Variadas

Sendo uma empresa de Consultoria tive a oportunidade de trabalhar em diversas
areas, como Produtos Cosméticos, Suplementos Alimentares e Dispositivos Médicos, o que
me permitiu expandir horizontes ja abordados em MICF, mas sem abordagem pratica dos
mesmos. Todas as experiéncias foram muito enriquecedoras, o que me permitiu apresentar
uma maior diversidade de conhecimentos, adquirindo ferramentas de trabalho, confronto de

experiéncias com profissionais competentes e experientes nesta area.

AMEACAS

I. Pesquisa com Informagao Reduzida

Muitos dos documentos requisitados pelos clientes, como por exemplos PIF’s,
necessitam de informagoes fornecidas pelos mesmos. Assim sendo, caso faltassem
determinadas informagoes de matérias-primas ou se constatasse falta de documentagao
essencial, era necessario contactar com os clientes solicitando estas mesmas informacgoes, de
modo que fossem realizados corretamente os documentos pedidos. Também ocorreram

situagoes em que foram realizadas pesquisas de modo a clarificar os clientes ou para
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complementar a informagao adquirida previamente. Estas situagoes de certo modo atrasam

o trabalho da equipa, mas conseguiram ser sempre superadas.

2. Formato de Trabalho

Uma vez que o periodo de estagio realizado foi em formato de teletrabalho, apesar
de mantermos comunicagao constante através de Microsoft Teams e realizar reunides para
formagoes ou para feedback com os orientadores através da mesma plataforma, este
formato nao permitiu conhecer o ambiente de trabalho da empresa e nao permitiu que
existisse complementaridade nem contacto pessoal entre membros da equipa e os
estagiarios. Destaco este formato de estagio uma ameaga, ja que considero que haveria
maior desenvolvimento e caso o estagio fosse realizado em formato presencial, mas nao o
considero como um ponto fraco, uma vez que este cenario se deveu a situagao pandémica

atual, com a possibilidade de regressar ao formato presencial.

Considerac¢oes Finais

Com o término do estagio, posso concluir que foi uma experiéncia muito desafiante
que me mostrou um universo novo de opgoes no ambito da profissao farmacéutica. Nao
sendo uma area que me despertasse curiosidade numa primeira instancia, esta experiéncia
criou uma atengao pelos Assuntos Regulamentares, com uma abrangéncia e um peso

profissional que eu nao imaginava.

Apesar de nao ter a oportunidade de contactar diretamente com clientes, consegui
captar a esséncia do que engloba trabalhar em empresas de Servicos de Consultoria, bem

como ganhar habilidades de apresentagao e métodos de trabalho.

Ter a vantagem de contactar com os diversos produtos para além do medicamento,
permitiu-me compreender a globalidade da profissio e considero esta experiéncia como
uma etapa muito positiva do meu estagio curricular. Agradeco a toda a equipa da BasePoint
por todos os ensinamentos e por me auxiliarem e esclarecerem sempre as minhas duvidas

sobre todos os assuntos, diariamente.

35



Bibliografia

|. REGULAMENTO (CE) n.° 1223/2009 DO PARLAMENTO EUROPEU E DO CONSELHO

de 30 de Novembro de 2009 relativo aos produtos cosméticos - (2009).
2. Decreto-Lei n.° 189/2008, de 24 de Setembro - (2008).
3. Decreto-Lei n.° 118/2015 de 23 de junho - (2015) 4-9.

4. REGULAMENTO (UE) 2017/745 DO PARLAMENTO EUROPEU E DO CONSELHO de
5 de abril de 2017 - 9:(2017) 1-228.

36



PARTE Il

Monografia

‘“State of the art of multi-mycotoxins determination

methods in groundnuts (peanuts)”

Sob Orientacio de: Professora Doutora Ana Teresa Sanches Silva



List of Figures

Figure | — Aflatoxins chemical StrUCTUIES. .......cccuoueieccururercccircceire et s st sans 48
Figure 2 — Ochratoxin A (OTA) chemical StruCture.......c.c.ccecveeureeerceerencnceereneeeeseseeeeseseeesnans 49
Figure 3 — Fumonisin Bl and B2 chemical structures.............cooceurercvceunencnceunenenccerincecesesecsennenes 49
Figure 4 — Zearalenone (ZEA) chemical StruCture.........cocevecvceerercncucenencceereseeeeseseeesseseesessens 50
Figure 5 — Chemical structures of the most common trchothecenes...........cccocoeurvevecurencnccunenee 50
Figure 8 — Chemical structures of beauvericin and enniatins. .......c.cccovecvcerernccnencncnceneerccnnenes 51

List of Tables

Table | — Maximum levels for certain mycotoxins in groundnuts, nuts and dried fruits
according to Commission Regulation (EC) No 1881/2006 and its amendments.........ccccc.o...... 80

Table 2 - Analytical Techniques for mycotoxins determination in peanuts and multi-

MYCOLOXINS AELEIMINATION ......cucuveeecuceeriecaerreeeereeseeeseeseseaesesseeaesessesesesessestae s estaesessastacaessastacsesanes 8l
Table 3 — Notification of mycotoxins in groundnuts from RASFF...........cccocovnnnncncnrencenne 87
Table 4 - Influence of different Decontamination TechniqQues .........cccccceureeeceirercrccerenenccerenesenenne 88

38



List of Abbreviations

AFBI1 — Aflatoxin Bl

AFBI-BSA — Aflatoxin Bl Bovin Serum Albumin
AFB2 — Aflatoxin B2

AFGI — Aflatoxin Gl

AFG2 — Aflatoxin G2

AFMI — Aflatoxin Ml

Aldnbs — Anti-ldiotypic nanobodies

Anti-AFB| mAb — Monoclonal Antibody against Aflatoxin Bl
ATA — Alimentary Toxic Aleukia

a,, — Water Activity

BEA — Beauvericin

CE - Capillary Electrophoresis

CO, — Carbon Dioxide

CYPIA2 - Cytochrome 1A2

CYP450 — Cytochrome 450

DLLME - Dispersive Liquid-Liquid Microextraction
DNA — Deoxyribonucleic acid

DON — Deoxynivalenol

EFSA — European Food Safety Authority

ELISA — Enzyme-Linked Immunosorbent Assay

EN — Enniatins

ESI — Electrospray lonization

EU — European Union

FB1 — Fumonisin Bl

FB2 — Fumonisin B2

FLD — Fluorescence Detector

GC - Gas Chromatography

GNP-SA - Gold Nanoparticle-based Strip Assay
HPLC — High-Performance Liquid Chromatography
HPTLC - High-Performance Thin Layer Chromatography



HRMS — High Resolution Mass Spectrometry

IAC — Immunoaffinity Chromatography Columns

IARC - International Agency for Research on Cancer
1gG — Immunoglobulin G

LAB — Lactic Acid Bacteria

LC — Liquid Chromatography

LC-MS — Liquid-Chromatography and Mass Spectrometry
LC-QQQ-MS — Liquid Chromatography Triple Quadrupole Mass Spectrometry
LD50 — Median Lethal Dose

LOD - Limit of Detection

LOQ - Limit of Quantification

MBs — Magnetic Beads

MFC — Multifunctional Columns

MmRNA - Messenger Ribonucleic Acid

MS — Mass Spectrometry

MS/MS — Tandem Mass Spectrometry

MSPD - Matrix Solid-Phase Dispersion

MSPE — Magnetic Solid-Phase Extraction

OPTLC - Over Pressured Thin Layer Chromatography
OTA — Ochratoxin A

OVA — Ovalbumin

QDs — Quantum dots

Q-Orbitrap — Quadrupole-Orbital lon Trap
QuEChERS - Quick, Easy, Cheap, Effective, Rugged and Safe
RASFF - Rapid Alert System for Food and Feed

Rf — Retention factor

RIA — Radioimmunoassay

SERS - Surface-enhance Raman Scattering

SFE — Supercritical Fluid Extraction

SLE - Solid-Liquid Extraction

SPE - Solid Phase Extraction

SPME - Solid Phase Micro-Extraction

40



SPR - Surface Plasmon Resonance

ss — Single stranded

TLC — Thin Layer Chromatography

TOF — Time-of-Flight

TRFICA — Time-Resolved Fluorescence Immunochromatography Assay

UHPLC - FLD - Ultra-High Performance Liquid Chromatography coupled with
Fluorescence Detector

UHPLC — Ultra-High Performance Liquid Chromatography

UPLC-TQEF-MS/MS — Ultra Performance Liquid Chromatography-Thermo Quadrupole
Exactive Focus tandem Mass Spectrometry

USA - United States of America
UV - Ultraviolet
ZEA — Zearalenone

4]



Abstract

Mycotoxins are secondary metabolites originated from several species of fungi that have
proven to demonstrate high toxicity. In addition, potential contamination sources can
promote increased human exposure to adverse effects of these toxins. For this reason, it
was necessary to develop several analytical methods that allow detection with the highest
possible sensitivity for these toxic metabolites. Furthermore, since these methods involve
particular costs, time and sensitivities, the development of multi-analyte detection methods
is indispensable. The increasing consumption of groundnuts (legumes) as well as nuts (such
as almonds, walnuts, pistachios) and dried fruit (dried figs and dried figs) has increased the
risk of poisoning and the harmful effects of mycotoxins, which has encouraged studies for
the creation of these methods. This work compiles some of the methods applied to analyse
and quantify mycotoxins in groundnuts (peanuts) in junction with decontamination
techniques. Methodologies presented in this review are predominantly based in nuts and
dried fruits analytical technologies, however every methodology can be compared and used
in groundnuts analysis. It was also relevant to elevate the importance of the development of
multi-analyte methods in order to identify multiple mycotoxins using a single method, saving

time, money and resources.

Keywords: Aflatoxins, Co-occurrence, Chromatography, Detoxification, Dried fruits,

Groundnuts, Immunoassay, Multi-analyte, Mycotoxins, Nuts.
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Resumo

As micotoxinas sao metabolitos secundarios de varias espécies de fungos e produzidos em
condigoes especificas. A maioria deles provou ter uma elevada toxicidade. Além disso,
diferentes fontes de contaminagao podem promover uma maior exposicao humana a estas
toxinas, que afetam negativamente a saude. O consumo crescente de amendoins
(leguminosas) bem como de frutos secos (como améndoas, nozes, pistacios) e frutos secos
(figos secos e uva passa) aumentou o risco de envenenamento e os efeitos nocivos das
micotoxinas, o que encorajou estudos para o desenvolvimento e validagao destes métodos.
Por esta razao, foram desenvolvidos métodos analiticos com o objetivo de detetar e
quantificar estes metabolitos toxicos com especificidade, baixos limites de detegao, boa
precisio e exatidao. Este trabalho identifica as micotoxinas mais comuns nos amendoins,
frutos secos e frutas de casca rija e compila métodos de multi-micotoxinas aplicados a
determinacao destes contaminantes nos amendoins. Além disso, aborda também técnicas
capazes de descontaminar amendoins, frutos secos e frutos secados. As metodologias
analiticas apresentadas nesta revisao sao predominantemente aplicadas aos amendoins,
embora em alguns casos sejam comparadas com as aplicadas aos frutos secos. Nos ultimos
anos existe uma tendéncia na utilizagdo de métodos que permitem a determinagao
simultinea de diferentes micotoxinas, tais como a cromatografia liquida acoplada a
espectrometria de massa sequencial (tandem). Estes métodos sao os chamados métodos de

multi-micotoxinas e permitem poupar tempo, custos e recursos.

Palavras-chave: Aflatoxinas, Amendoins, Coocorréncia, Cromatografia, Descontaminagao,

Frutos secos, Frutos secados, Imunoensaios, Multi-analito, Micotoxinas.
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Introduction

Legume is any plant that has seeds in long pods, such has peas, beans and peanuts'.
Nuts are considered fruits whose walls become hard when mature. On the other hand,
dried fruits result from a drying process of the fruit that is originally rich in water content
becoming a product rich in fibre, fat and/or sugars, such as dried figs, and raisins>. Nuts and
dried fruits, such as walnuts and brazil nuts, are those that naturally have a low water

content in their composition®.

Groundnuts (peanuts), with the scientific name Arachis hypogaea L., are classified as
legumes due to their edible seed and are considered an oil crop due to their high oil
content. As legumes, they belong to the Fabaceae or Leguminosae family and they are able to
grow in the tropics and subtropics. Its scientific designation given by Carl Linnaeus “arachis”
means “legume” and “hypogaea” means “under the earth” which is related to the formation
of pods below ground. Groundnuts (peanuts) develop its pods underground (geocarpy),
contrarily to other legume crop plants'. This legume is a source of protein and oil and

provides calories and protein value'.

Although there are relevant differences at botanical level, most of the time
groundnuts and nuts are included in the same food group by consumers taking in account of
their comparable taste and nutritional profile and are often used in similar purposes in

culinary. Once nuts imply the maturation of the fruit, groundnuts cannot fit this criterion.

One of the groundnuts (peanuts) curiosities is its capability to harbour nitrogen fixing
bacteria in root nodules. This is a great advantage in crops rotation, because it requires less
fertilizer (nitrogen containing compound) and enhance the fertility of the soil'. Groundnuts
(peanuts) are capable to maintain or increase food production without jeopardising the

ecosystems'.

Despite all the health benefits of nuts, dried fruits and legumes, there are scientific
evidences of their susceptibility to contamination by fungi, namely mycotoxins producing
fungi. Groundnuts contamination by mycotoxins is a relevant problem in international trade,
which has affected the export market of the developing countries. Mycotoxins are secondary
metabolites produced by fungi, mainly Fusarium spp., Aspergillus spp. (e.g. Aspergillus flavus and
Aspergillus paraticus), and Penicillium spp., and they can exhibit various deleterious effects on
human health. Mycotoxins can be produced in various conditions, such as high temperature

or humidity, but also on different types of substrates with the presence of various nutrients
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and, for this reason, can be considered one of the most significant food contaminants for

many countries®*.

Groundnuts, nuts and dried fruits are increasingly popular and more widely used in
the European diet and for this reason, it is necessary to pay attention to the susceptibility of
these foods to contamination by fungi. Their intrinsic moisture and nutrient content, long
shelf life, high pH and water activity are all factors that boost increased fungal growth*”.
Almonds, walnuts and cashews are among the most produced nuts worldwide, followed by
peanuts and pistachios. In a 2015 article, dried fruits production increased by about 5.4%
compared to the previous season’. In developing countries groundnuts (peanuts) represent
an important role as oil crop and food crop, whether it is for domestic consumption or to
export'. According to FAOSTAT?®, the major producers of groundnuts in shell in 2019 were
China, India and Nigeria and they have been maintaining this record from 2000 to 2019. The
number of productions are influenced by several restrictions, such as rainfed conditions,
stress conditions, incidence of disease and pest, low input-use and socio-economic

infrastructures'.

Groundnuts, nuts and dried fruits are foods with low water activity that are
frequently associated with cases and/or outbreaks of food poisoning. The frequency of these
cases linked to groundnuts, nuts and dried fruits may be due to the increased consumption
of this type of food, better detection methods and reporting systems and inadequately
implemented food safety programes’. These foods can be contaminated with pathogens in
any state, whether in production, processing, packaging and distribution. However, the low

water activity of nuts prevents pathogens from growing on their surface.

There is a wide range of scientific literature which reports high occurrence of
mycotoxins in food products. At European Union (EU) there is a raising concern of their
effects of mycotoxins in human and animal health. In this line, Commission Regulation (EC)
1881/2006’ and the respective amendments, establishes maximum permitted levels for

certain mycotoxins in groundnuts, nuts and dried fruits, such as Aflatoxin Bl, sum of

Aflatoxins Bl, B2, G| and G2 and Ochratoxin A.

The implementation of good agricultural practices and other food safety systems
enables a proactive approach to certain concerns®. There are several studies that
demonstrate mechanisms that prevent mycotoxin growth. Milling is one example of a

mechanism to reduce microbial load in nuts®.
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The principal purpose of this monography was to identify which were the most
common mycotoxins in groundnuts and their co-occurrence and compare them with those
found in nuts and dried fruits. Moreover, the most relevant and suitable analytical methods
to carry out a multi.mycotoxins analysis in groundnuts were systematically reviewed and also
compared with those applied to nuts and dried fruits. Finally, mycotoxin’ detoxification

processes applied to groundnuts were also addressed and discussed.

Mycotoxins

Mycotoxins are secondary metabolites produced by fungi that, if ingested, can cause
adverse effects not only on human but also animal health. Due to their easy propagation and
contamination, they are considered the most common food contaminants in various

countries, which has led to a wide range of research studies”.

As mentioned earlier, the susceptibility of mycotoxin contamination depends not only
on the intrinsic characteristics of food, such as nutrients content (namely water content),

but also on storage conditions (e.g. high humidity, storage time), high pH and water activity.

There are several types of mycotoxins namely Aflatoxins (AFBI, AFB2, AFGI| and
AFG2), Ochratoxin A (OTA), Patulin, Deoxynivalenol (DON), Zearalenone (ZEA),
Fumonisins (FBI, FB2), T-2 and HT-2 Toxins and Citrinin. However, this monography
focuses on the mycotoxins that most frequently affect groundnuts (peanuts), nuts and dried
fruits. In this line, Aflatoxins are specially addressed due to the fact that the Commission
Regulation no 1881/2006” and its amendments establish maximum permitted values for these
mycotoxins in groundnuts, nuts and dried fruits. Dried fruits have also maximum permitted
levels for Ochratoxin A. As it may be confirmed in this EU Regulation, mycotoxins maximum
permitted values allowed for groundnuts (peanuts) are in the same range as other nuts,
however dried fruits have lower maximum permitted values (Table 1). Other mycotoxins
are arising, the so-called emerging mycotoxins. The emerging mycotoxins include Enniatins

(ENs) and Beauvericin (BEA) and they are cyclic hexadepsipeptide’.

Aflatoxins

Aflatoxins are secondary metabolites produced by Aspergillus species mainly Aspergillus
flavus and Aspergillus parasiticus. They are groups of heterocyclic aromatic hydrocarbons and
their production is intensified under conditions of high temperature and humidity®. In

addition to this, aflatoxins are the most abundant mycotoxin in cereals, milk and oil seeds’.
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According to the high hepatocarcinogenic potential, aflatoxins are recognized by

International Agency for Research on Cancer (IARC) as Group| human carcinogen'®'"',

There are, approximately, 20 types of aflatoxins and have been characterized under
UV radiation, in which Aflatoxins Bl (AFBI), B2 (AFB2), GI (AFGI) and G2 (AFG2) are the
most common (Figure |). AFBI and AFB2 show a strong blue fluorescence, where as AFG|
and AFG2 exhibit greenish yellow fluorescence under UV radiation, hence the designation of
B (blue) and G (green)''*. Additionally, there are some evidences that indicate a difference
in the origin of aflatoxins. In particular, AFBI/AFB2 are produced by Aspergillus flavus and the
total of AFBI/AFB2/AFGI/AFG2 are produced by Aspergillus parasiticus'>">.

Aflatoxin Bl (AFBI) is considered one of the most toxic mycotoxins and most
harmful to human health. It can be found in a wide range of food and agricultural products*.
The mean lethal dose (LD50) of AFBI is 0.36 mg/kg (body weight)® and is considered to be

the most potent hepatocarcinogen''.

In general, aflatoxins including AFBI, AFB2, AFGI| and AFG2 can take place in a wide
range of raw materials, for example cereals, tree nuts. To avoid human exposure to
aflatoxins, it became imperative to develop fast and sensitive methods to analyse agro-

products®.

Among aflatoxins, aflatoxins M| (AFMI) is the principal hydroxylated metabolite of
AFBI, produced by the action of cytochrome P450 |A2 (CYPIA2)'"'®" It is strongly
fluorescent with emission of blue-violet light'”. AFMI is mainly important in milk and its

derivatives.

The aforementioned aflatoxins were reported to have hepatotoxicity, mutagenicity,
carcinogenicity, immunosuppression, neurotoxicity, epigenetic effects, reproductive
dysfunction and stunted growth'’. Besides their potential harmful effects on the human body,
at liver, systemic haemorrhages, nephrosis and death”, they also decrease resistance to
stress™”'. Given this high toxicity, it is of utmost importance to regulate the maximum
permitted values at global level and, in this regard, the development and validation (according
to international guideline) of analytical methods suitable to accurately determine the

mycotoxins’ contamination levels of foodstuffs are imperative.
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Aflatoxin G2 (AFG2) Aflatoxin M1 (AFMI)

Figure | — Aflatoxins chemical structures.

Ochratoxin A

Ochratoxin A (OTA), similar to aflatoxins, is a secondary metabolite produced by
fungi of the Aspergillus ochraceus and Penicillium verrucosum® species and according to the

IARC is classified and listed in group 2B of the list of carcinogens'®*.

Due to the possible genotoxic character, several in vivo and in vitro studies have
shown that guanine-OTA specific DNA adducts persisted for more than 16 days and 5 days,

respectively, in situations of genotoxicity at hepatic and renal level”".

It is possible to obtain OTA metabolites of phase | and phase Il if the latest are
hydrolysed. This chemical reaction can occur in the stomach by proteolytic enzymes, being
transformed into a-ochratoxin, but there is also the possibility that they undergo hydrolysis
in the intestine, since their alkaline pH causes the lactone ring to open, causing a very high
toxicity. The plurality of OTA metabolites from phase | and phase Il detoxification present
low toxicity and due to their strong binding to albumin, their elimination through glomerular
filtration is insignificant, being their excretion mainly through tubular secretion and for this
reason it is the site where more intracellular accumulation of OTA occurs’. In addition to
accumulation at the tubular level, OTA can also accumulate in the liver and muscles due to
their high affinity for proteins and their non-ionised form, which allows them to remain
longer in the body. The kidneys are one of the greatest storage of these mycotoxins as they
reabsorb OTA in the proximal and distal tubule, which contributes to the high level of

nephrotoxicity’.
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Figure 2 — Ochratoxin A (OTA) chemical structure.

Fumonisins (FBI and FB2)

Fumonisins found essentially in maize and cereals and derived products produced by
Fusarium proliferatum and Fusarium verticillioides. There exist 28 compounds, but the most

24,25

frequent are fumonisin Bl (FBI) and fumonisin B2 (FB2)**~. Both are listed as potential

carcinogenic substances in group 2B of IARC®.

These toxins are considered to be carcinogenic, hepatotoxic, immunotoxic,
nephrotoxic, neurotoxic, possibly provoking liver damage, heart failure and esophageal
cancer. They were found in several food supplements, such as green coffee, milk thistle,

mint, chamomile flower and liquorice®.

Fumonisin Bl (FBI) Fumonisin B2 (FB2)

Figure 3 — Fumonisin Bl and B2 chemical structures.

Zearalenone (ZEA)

Zearalenone (ZEA) are produced by the genus Fusarium, essential by Fusarium
graminearum and Fusarium culmorum®® and they are very common in cereals, such as maize
wheat rye and derivates’. It is classified as group 3 in IARC, not considered carcinogenic to

humans'®.

ZEA has affinity for estrogen receptors because of its structural similarity to 17-f3-

estradiol, a sex hormone, they may lead to adverse impacts on reproductive system®.
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Figure 4 — Zearalenone (ZEA) chemical structure.

Trichothecenes

Trichothecenes are secondary metabolites produced predominantly by Fusarium. This
group of mycotoxins includes deoxynivalenol (DON), HT-2 toxin and T-2 toxin. They may
cause skin irritation, problems in stomach and intestine, disturbe mitochondria functions and
hypothrophia of spleen and thymus®. Both T-2 toxin and DON are classified as group 3
according to IARC".

DON s essentially produced by Fusarium graminearum and Fusarium culmorum®. It is
common in cereals, such as wheat and maize and in bread'’. It is known to be responsible for
nausea, vomiting, abdominal pain, headache and fever due to its vomitoxin action?.
Concerning to HT-2 toxin and T-2 toxin, these mycotoxins are mainly found in cereals'® and
are produced by Fusarium sporotrichioides and Fusarium poae™. T-2 toxin has a haematotoxic
effect and is connected to alimentary toxic aleukia (ATA) which originates gastrointestinal

irritation, vomiting and diarrhea®.

HT-2 Toxin

T-2 Toxin

Figure 5 — Chemical structures of the most common trchothecenes.
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Emerging Mycotoxins

There are also some new mycotoxins arising, the so-called Emerging Mycotoxins. The
emerging mycotoxins include enniatins (ENs) and beauvericin (BEA) and are predominantly
derived from Fusarium fungi’. They are cyclic hexadepsipeptide with insecticidal properties
capable of inducing apoptosis in mammalian cells. In addition, they have antibiotic properties
against Gram-positive bacteria and mycobacteria®”. They have the capacity to cause a wide
range of toxic effects in human and animals, which could lead to the development of
carcinogenic, teratogenic and mutagenic effects, affecting the production of hormones and

immunosuppression®*’.

They act as enzyme inhibitors, antibacterial, antifungal agents and as
immunomodulatory substances. They have the capacity to inhibit enzyme acyl-CoA and

cholesterol acyltransferase’.

o Wl i

Beauvericin (BEA) Enniatin A Enniatin B

Figure 6 — Chemical structures of beauvericin and enniatins.

Co-occurrence of mycotoxins

This phenomenon has been reported in different food samples and it consists in the
occurrence of several mycotoxins in the same matrix. A food item is frequently more
exposed to multiple mycotoxins than to a single mycotoxin, for this reason, it is expected to
produce combined effects due to the association of the different mycotoxins®'. The actual
risks to health have yet to be studied, since the lack of information available on potential

effects®"%

Frequently, one sample is contaminated with more than one mycotoxin and the most
reported cases include co-occurrence of AFBI and AFB2. In a recent study, peanut paste
sample was described to be the most contaminated sample with multi-mycotoxins,

essentially by AFBI and total aflatoxins (AFBI, AFB2, AFGI| and AFG2) as well as different

fungi®.
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Mechanisms of mycotoxins

Cytochrome P450 enzymes (CYP450) are present in the organs where mycotoxins
present greater toxicity, such as liver, intestines and kidneys. These enzymes are responsible
for the biotransformation by oxidation of organic extracts, but also through the
biotransformation of xenobiotics, leading to their oxidation’**. The CYP450 action is
dependent on the inhibitory, inductive or substrate capacity of the mycotoxins, which
consequently determines the changes that mycotoxins cause metabolically. It is possible that
the action of mycotoxins can alter the absorption and biotransformation of nutrients and

other substrates that may be present in organisms’.

Recent studies performed on piglet livers and kidneys have found differences
enhanced by exposure to OTA and AFBI, showing an alteration of the gene expression on
the type of gene. In this study, piglets were divided into 3 groups. The first one (El) was fed
with basal diet plus a mixture of two byproducts (grapeseed and sea buckthorn meal), the
second group (E2) was fed with basal diet experimentally contaminated with mycotoxins
AFBI and OTA and the third group (E3) was fed with basal diet containing 5% of the
mixture of the byproducts and contaminated with the mix of AFBI and OTA’. In piglets
contaminated with OTA and AFBI, the inclusion of grapeseed and sea buckthorn (E3),
decreased expression of the CYP P450 gene. The decreased expression of this gene induces
decreased bioactivation of the mycotoxins, possibility resulting in decreased toxicity in both
organs under study’. Therefore, both grapeseed and sea buckthorn can be considered
sources of neutralisation of the harmful effects of OTA and AFBI. However, the author
concluded that further tests are needed to understand which derived products with
antioxidant action decreases or increases the expression of CYPs mRNA and how this
process occurs’. In other aspect, light microscopic analysis of the liver from a group of
piglets fed with a basal diet contaminated with a mixture of AFBl and OTA exhibited local
areas with necrosis, dilatation of sinusoid and inflammatory parenchymal infiltration. There
were revealed mononuclear cellular infiltration and periportal fibrosis, as well as fibrotic
perilobular and fibrotic septa’. Analysis to the structural changes in kidneys, demonstrated
that mycotoxins administration affected both medulla and cortex. There were noticed
atrophy of the glomerular tufts and alteration of the Bowmann’s capsule and also tubules
necrosis of lining epithelial cells with inflammatory cell infiltration in between. Also, between
the glomeruli and tubules were observed focal aggregates of inflammatory cells in association
with focal areas of congestion in blood vessels, especially in medulla. In this study, the

collagen proliferation occurred in areas with tubular injury. The kidney section from the
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group fed with basal diet with the mixture of by-products and contaminated with mixture of
AFB| and OTA, manifested minor pathomorphological changes, similar to control’. With
respect to the level of gene expression, the conclusions that can be drowned from this study
indicate the concomitant administration of the mixture of grapeseed and sea buckthorn meal
and AFBI and OTA promoted a decrease of all analysed gene expressions in liver compared

to the control group.

Preharvest Contamination Sources

There are different sources of food contamination by mycotoxins depending on the
soil, use of pesticides, animals, harvest, handling and storage®. Firstly, soil type, humidity,
surface and subsurface temperature and air temperature are characteristics that influence
fungi and mycotoxins®. Repetitive mowing, use of herbicides and other pesticides and
grazing using or not animals are aspects that have to be considered to control the spread of
the toxins®™*. Results in some studies indicate that contaminations in peanuts were higher
when soils were grazed compared to ungrazed soils, with higher contaminations on samples
from the wet year compared to the samples from the dry year. Also, when the peanut’ shells

3337 Water is used for

are intact, fungi could not penetrate to the inside of in-shell peanuts
several practices in the soil, whether for irrigation, mixing pesticides or fertilizers, so it is

necessary to ensure that the water is safe and has the adequate quality for its use®.

Secondly, if dried fruits, nuts or legumes are harvested from the ground, soil must be
prepared prior to harvest in order to ensure proper safety and no potential contamination,
such as animal faeces, uncleaned equipment and non-trained workers. For this situation, all
workers must be trained regarding good health and hygiene practices in harvesting activities
and the equipment must be correctly cleaned. Mechanical harvesting should be processed in

dry weather in order to minimize potential cross-contamination®.

The handling process is another important step. Some nuts are mechanically dried
after harvesting in order to reduce the moisture content which is critical to prevent
microbial growth that may contribute to mycotoxins, namely aflatoxins’ formation. The
reduction of pathogens on the surface of dried fruits, nuts or peanuts depends on several
factors. Time, temperature, type of heat treatment, type of organisms and type of food items
are all critical parameters to assure the lethality of mycotoxins. The use of heat treatments

are able to ensure adequate and significant reduction of mycotoxins™.
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After all these steps, the storage should be taken in a facility that is dry and
guarantees protection. It should have minimum temperature fluctuations to prevent
microbial growth and insect infestation. Therefore, the storage of the products is essential

under controlled conditions to maintain their quality and their shelf life***.

Climate Changes and Mycotoxins

For the complete understanding of the toxins contamination and also their’ results, it
is important to have an overview of environmental factors affecting fungi survival, growth,

interactions and metabolic activity®>*.

The environment may provide all the factors to enhance mycotoxin prevalence and,
particularly, high temperatures and droughts affect crops, like maize and also the occurrence
of A. flavus, boosting fungal growth®*'. Therefore, climate changes are predicted to have
significant impact on mycotoxins. According to certain available data, concentrations of CO,
are projected to double or triple of the actual concentration in the next 25 to 50 years.
Different regions in Europe are expected to increase 2 to 5°C due to the concentrations of

39,42,43,44

CO, and drought episodes . Because of this situation, the European Food Safety
Authority (EFSA) requested the identification of emerging risks and has identified changing
patterns in mycotoxins production® and, for that, they funded the project MODMAP-AFLA.
This provided data specifically analysing maize, so that it was possible to predict subsequent
aflatoxins contamination risks. The project predicted an increased risk of aflatoxins

contamination in the future®**,

The data collected also suggested that climate changes effects depend on geographical

39,46

regions Mediterranean regions are expected to be spots of many adverse effects

impacting aflatoxins contamination®.

The essential topic for defining the impact of fungal co-occurrence under the
influence of different meteorological and ecological conditions on mycotoxins

#4748 was studied in field and in vitro®® where fungal interactions could be

contamination
exhibited under natural conditions except temperature and water activity (aw). Under
influence of different temperatures, the production rate dynamic decreased and the optimal
temperature for AFBI suffered some alterations®. During these studies, it was pondered the
environmental and toxicological consequences of aflatoxins contamination, clarifying eventual

39,49

risks that aflatoxins contamination represents in soil ecosystems®". Therefore, climatic
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strategies are important for future risk assessments of aflatoxins contamination, which may

be a determinant factor for soil moisture and air temperature changes®.

Another study was carried out to examine different climate change scenarios

330 In consideration to the

considering an increase of 2.5 times CO, in southern Italy
concentration’s rise, preliminary evidence indicated that temperature increase may reduce
the OTA productions®*'. With a particular temperature range of 18/31°C and water stress
conditions (0.93 aw) it was observed that fungi growth rate was slower than 0.99 a\, and was
observed an over-expression of OTA genes. On the opposite situation, with a temperature
range of 20/37°C it exhibited a higher growth rate at 0.93 aw. Consequently, higher

temperatures and water stress appear not to be favourable for OTA production and this

situation must be confirmed in the future®.

On a global level and based on predictions of the AFLA-maize model, AFBI is
expected to increase as a result of climate changes. In this way, predictive models have

shown to be crucial for addressing future uncertainties and anticipate risk conditions®.

The rise of the risk associated to aflatoxins is related to fungi and mycotoxin co-
occurrence, for this reason, in future studies it is important to interpret and convert with
careful evaluation by developing countries in order to predict the impact of climate changes

on aflatoxins and other mycotoxins occurrence®.

Mycotoxins Legal Status at EU level

The Commission Regulation (EU) no 1881/2006’ and its amendments establish the
maximum levels for certain contaminants, namely some mycotoxins, in EU in foodstuff. Table
| summarizes the maximum levels for certain mycotoxins in groundnuts, nuts and dried

fruits according to this regulation.

Procedure for Detection and Determination of Mycotoxins

For a correct detection and determination of mycotoxins, three essential steps must
be fulfilled: sample selection, sample treatment and mycotoxin detection and quantification. It
is crucial to comply with all the steps so that the sample is representative, treated correctly
and that the sample’ determination is specific, sensitive and accurate. The various
procedures will be described in the following sections. Each sequential step contributes to

the variability of the method and avoids possible errors arising from the whole procedure.
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I. Sampling and Pre-treatment

Sampling is the selection of representative samples of the population to be analysed.
This selection is also important to circumvent difficulties of heterogeneous distribution
inducing higher precision when determining mycotoxins levels. Commission Regulation (EC)
no 401/2006°* lays down the methods of sampling and analysis for the official control of the

levels of mycotoxins in foodstuff.

Depending on each lot weight, groundnuts, pistachios, brazil nuts and other nuts can
be subdivided into sublots (2500 tonnes; >125 and <500 tonnes; 215 and <125 tonnes; <15

tonnes) and each sublot have specific conditions®.

The aim of sample pre-treatment is to reduce and, if possible, eliminate matrix
effects, this means that it may ensure that components present in the sample will not
interfere with the analyte’s quantification. Thus, mycotoxins must be extracted efficiently. In
addition to extraction, further purification might be carried out to ensure that the sample is
analysed under optimal analytical conditions. On the other hand, if techniques such as
infrared spectroscopy or other optical techniques formats that do not cause destruction are

used, sample pre-treatment is not mandatorily necessary™’.

2. Extraction and Purification

Due to the known adverse effects of mycotoxins, such as carcinogenicity,
mutagenicity and teratogenicity and, handling of the preparations and extracts should be
performed with special care, using the usual laboratory protections, such as lab coat, mask,
gloves and eye protection. Standard solutions should be kept away and protected from the
light, in amber containers®. The extraction of mycotoxins depends on the use of organic
solvents such as methanol, chloroform and acetonitrile. Methanol/water and
acetonitrile/water mixtures are commonly used for mycotoxins extraction®. Due to its
potential ecological risk, the use of chloroform for mycotoxin extraction has been
declining®. There are several methods for purification of the target analytes. The correct

purification of the sample determines the sensitivity of the analysis for detection.

2.1.Solid-Liquid Extraction (SLE)

Since aflatoxins are soluble in polar organic solvents, such as chloroform, methanol
and acetonitrile, SLE is regularly used to extract and separate aflatoxins from solid food

matrices. Although it is simple and does not require specialized work, one of the greatest
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disadvantages of this extraction technique is the use of a large quantity of organic solvents
especially when it is necessary multiple sample extractions are required***>**. Generally,
when determining mycotoxin samples are extracted followed by evaporation in order to
reduce volume and, consequently, concentrate mycotoxins in the extract. The mycotoxins
present in the polar phase may be determined by thin layer chromatography (TLC) and,
subsequently, their identification and quantification can be obtained by comparison of the
retention factor (Rf) and respective intensity of fluorescence of the samples with standards
on TLC plate®*”’. Dispersive Liquid-Liquid Microextraction (DLLME) emerged to improve
the extraction process and to minimize solvent consumption and increase concentration
factors®**®. This method allows to preconcentrate target aflatoxins with a microvolume of
the extraction phase®. DLLME uses dispersion of the extracting solvent with a second
solvent (dispersion solvent), which has to be soluble in water, to extract the analytes at

hand®.

2.2.Solid Phase Extraction (SPE)

SPE uses a selective retention of analytes at the same time that eliminates extracts
interferences, provided by the use of adsorbents with strong affinity to the target analyte(s).
Once there are a wide range of adsorbents, this method gained selectivity and flexibility and
the SPE cartridges contain predominantly silica gel, florisil and CI8. It is important to pay
attention to certain key parameters for example type of adsorbent, elution solvents and
dilution factors®. In order to provide more sensitivity and selectivity, a procedure appeared
using aluminium oxide as the adsorbent and methanol-water (80:20 v/v) as the extraction
solvent, which retained compounds with high polarity in polar solvents and removing low
polarity and non-polar interferents simultaneously from the extract, promoting purification
of aflatoxins prior to the analysis®**’. Matrix Solid-Phase Dispersion (MSPD) has been
developed to simplify SPE, since it does not need cartridges to mix sample and adsorbent, it
is directly mixed in a glass column®*®. A study for MSPD procedure has been evaluated in
peanuts using C18 bonded silica as the dispersive adsorbent for the analysis of AFBI, AFB2,
AFGI and AFG2 applying acetonitrile as eluting solvent followed by evaporation and LC-FLD
to quantify>*®'. Magnetic Solid-Phase Extraction (MSPE) is a technique that uses
superparamagnetic nanoparticles, such as Fe;O,, as an adsorbent. Using an external magnet,
the adsorbent can be separated by magnetic decantation, demonstrating to have selectivity
and to be an efficient technique, but it requires time, cost and specialized professionals™.
Another area worth developing is Solid Phase Micro-Extraction (SPME) which was initially

coupled with Gas Chromatography (GC), but recently is used with LC analysis for semi and
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non-volatile compounds®*®. It is not recurrently used due to the cost and limited selection

of stationary phases of SPME*.

2.3.Immunoaffinity Chromatography Columns (IAC)

IAC uses the specificity and high affinity between antibodies and mycotoxins to
achieve clean-up procedure. This method provides a high specificity even in complex
matrices using simplifying sample analysis********, Through the passage of the extract up the
column, mycotoxins bind with the antibodies and, after the wash step, it is used a solvent to
disrupt the bindings, in order to analyse them. In recent studies, the multimycotoxin IAC
have been coupled with LC-MS, providing screening for aflatoxins, DON, OTA, fumonisin,
HT-2 Toxin, T-2 Toxin and ZEA simultaneously. The real challenge of this method is to
achieve satisfactory efficiency, capacity of mycotoxins purification and flexibility of the
columns. The disadvantages of this technique are the complexity and cost caused by rising of

different types of antibodies™.

2.4.Supercritical Fluid Extraction (SFE)

SFE uses carbon dioxide (CO,), which permits extraction of non-polar analytes***,
because CO, has low critical temperature and pressure, 31°C and 7.3 MPa, respectively***’.
The major advantages is the reduction of organic solvents, easy extraction procedure by
releasing pressure and the possibility to connect with analytical instruments®**®, The rise of
the applied pressure, temperature and the addition of modifiers promotes solubility of
mycotoxins in CO,. This technique is not implemented at large scale because it requires

costs, time and complex operations”.
2.5.QuEChERS Technique (quick, easy, cheap, effective, rugged and safe)

QUuEChERS method requires 3 steps: extraction step based on LLE, Dispersive Solid-
Phase Extraction (d-SPE) and clean-up step which allows to reduce additional centrifugation,

filtration or precipitation®’*’"

. Despite of QUEChERS effectiveness, it depends on target
analyte properties, matrix composition, analytical techniques and available equipment®. It is
possible to optimize the amount of solvents and salts combinations, in agreement with the
target analytes. Also, to increase sensitivity and improve recovery of target analytes in order
to enhance analytical performance, it is essential to reduce matrix effects. This promising
technique involves smaller sample amounts and organic solvents, in accordance with green
chemistry principles®’?. This procedure has been applied to determine mycotoxins, such as

aflatoxins, fumonisins, OTA, enniatins, BEA, trichothecenes, T-2 toxin and H-2 toxin in dried

fruits and cereals, such as wheat and maize®.
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3. Separation, Detection and Quantification of mycotoxins

Accurate and reliable detection is essential to be able to monitor the different
mycotoxins in a given food product, in this case, more specifically, peanuts, nuts and dried
fruits, peanuts and nuts. For this purpose, several techniques include Chromatographic
Methods, Capillary Electrophoresis (CE), Immunological Methods and Non-Destructive
Techniques®. The detection of mycotoxins can be carried out by conventional strategies, but

more sensitive and efficient methods are emerging.

Due to the low permitted levels of aflatoxins in peanuts, nuts and dried fruits, it has
become crucial to find simple, selective and sensitive methods for mycotoxin detection. The
use of nanomaterials has allowed the development of a fast, accurate, ultrasensitive and easy
to perform method. Nanoparticles have macroscopic tunnel vision mechanisms that allow
achieving low detection limits, short detection time and high sensitivity values®. Given to
their size, shape, functionality and surface area, nanoparticles can be used in sample pre-
treatment, (e.g. Biosensors and Immunoassays using Au/Ag nanoparticles, Carbon based
nanoparticles, Magnetic nanoparticles, Quantum dots, Up-conversion nanoparticles, Metal-
organic frameworks and Nano-functional DNA intelligent hydrogel). According to a study®,

this technique has been applied to detect AFBI in peanuts, cereal, nuts and dried fruits.

Chromatographic Methods

Chromatography is based on the separation of a mixture of compounds depending
on their different affinity for the mobile or stationary phase, which results in different
movements in the column that leads to a possible separation. There are several analytic
methods based in this technique, such as Thin Layer Chromatography (TLC), Liquid
Chromatography (LC), Gas Chromatography (GC). Among LC, High-Performance Liquid
Chromatography (HPLC) and Ultra-High Performance Liquid Chromatography are

commonly applied.

TLC is a fast and practical method, which can be used for qualitative, quantitative and
semi-quantitative determination of aflatoxins. Various applications have been developed,
since early TLC methods demonstrated to be vulnerable to fluorescence interferences that
could mask the results. TLC has progressively been replaced by HPLC based on the fact that
it does not demonstrate quantitative results. For this reason, some developments created an
extension of TLC, the high performance TLC (HPTLC) which provides higher separation

efficiency and sensitivity’. Confirmatory procedure have been developed based on
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fluorescent reaction products, however, they were unable to be directly analysed by MS
which required necessary extensive purification steps>. In limited cases, it is possible to use
an over pressured TLC (OPTLC) due to its complexity system. For this method, the mobile
phase is pumped through a column with a wider cross-section in a planar layer*, using
external pressure. Although it requires less mobile phase, less time compared to HPLC and
is more efficient that TLC®, it is a complex procedure with the need of complex

components®”.

LC is the most common technique with the capability to achieve quick separations
and provide high precision and sensitivity duo to low detection limit. Nevertheless,
substantial changes were investigated to increase the performance of this technique, such as
development in column and detector performance, implementing ultraviolet (UV) and
Fluorescence Detector (FLD) methods. Since aflatoxins exhibit strong fluorescence (blue
and green), FLD is preferable compared to UV-Vis detector, providing higher specificity and
better detection. Studies show that FLD detection, in order to extract aflatoxins from the
mobile phase after LC separation, uses a flow cell of the fluorometric detector with silica-gel
particles because this may absorb and detect aflatoxins at the same time that minimizes
quenching®. Moreover, another step to improve sensitivity and resolution, is the use of
chemical derivatization using an acid (trifluoroacetic acid) and a halogen (usually bromine or
iodine). This derivation step allows aflatoxins to promote their respective fluorescence™.
Therefore, LC-FLD method is an indispensable approach, but is not suitable for multi-

mycotoxin detection since other mycotoxins do not exhibit fluorescence.

With the development of analytical techniques, it has emerged the Ultra-High
Performance Liquid Chromatography (UHPLC), which uses analytical columns sub-2 pm
particle size and combines UHPLC to FLD. This method is characterized for its speed and
high resolution. UHPLC-FLD can determine aflatoxins, OTA and ZEA simultaneously, so this
technique is suitable for multi-mycotoxins analysis. Photochemical derivatization was tested,
in order to increase signal intensity, however bromine and iodine are not suited because

OTA and ZEA are uncapable to resist to the derivatization step**.

LC-MS is able to determine multi-mycotoxins using LC separation and mass to charge
(m/z), which uses molecular weight to increase specific identification. This technique is
specific and sensitive and able to quantify mycotoxins in one analysis (chromatographic run).
LC-MS can be customized with different MS analysers with the purpose to promote
detection capacity®’. LC-Triple Quadrupole Mass Spectrometry (LC-QQQ-MS) developed to
be highly sensitive for quantitative analysis and according to some studies, the number of
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mycotoxins simultaneously detected in one analysis could be 39 to 300. Considering

economic interests, efforts are being made in order to improve precision and accuracy of

the LC-MS methods and LC-FLD methods are being substituted by LC-MS methods**”.

For that goal, it emerged the LC-High Resolution Mass Spectrometry (LC-HRMS),
including Time-of-Flight (TOF) and Quadrupole-Orbital lon Trap (Q-Orbitrap). LC-HRMS
technique allow to obtain a high resolution data in full scan mode that can provide sufficient
specificity and selectivity for quantification. Moreover, data acquisition rate, data mining
software and data storage systems, which are supported by identification criteria guidance,

allow these techniques to improve®’*”,

LC-Orbitrap MS is considered an advanced and efficient method for mycotoxin
analysis, which could be used for quantitative and qualitative approach using collected data. It
combines target analysis with non-target screening of mycotoxins, providing high resolution,

data acquisition rates and accurate mass spectra libraries®”.

There exists another type of chromatography, Gas Chromatography (GC) which is
based on the volatility of aflatoxins. This technique is preceded by capillary column

separation on a fused capillary column with a nonpolar phase followed by detection using

Mss4,76.

Liquid Chromatography tandem Mass Spectrometry

Liquid Chromatography-tandem Mass Spectrometry (LC-MS/MS) or LC-QQ-MS is
used frequently as a method for quantitative and qualitative analysis of mycotoxins.
Electrospray lonization (ESI) is a method compatible with most chromatography separation
systems, but also its efficiency depends on several factors, namely the treatment and quality
of the sample. The combination of these two methods makes them into a sensitive and
selective analysis system, but, for this to occur, it is necessary to optimise the factors that

affect the retention time®7"7¢,

279 and there is no asses to the

Single analyte procedures are time consuming
interaction with factors that may affect the ion source”®. On the other hand, multivariant
optimization procedures®' allow the investigation of interactions between experimental
variables and have proven to be effective when applied to LC-MS/MS?. In a study®, carried
out by Alsharif et al. the LC-MS/MS method was combined with QUEChERS technique in
order to determine multi-mycotoxins. For this, both LC-MS/MS and QUEChERS

performances were evaluated. The factors taken into account for the evaluation were
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linearity through linear regression, precision and detection limit. QUEChERS-LC-MS/MS
evaluation was important to determine the accuracy of the quantification when changing
variables. This technique demonstrated good sensitivity with low limit of detection (LOD)

and limit of quantification (LOQ) for a successful determination of multi-mycotoxins.

Capillary Electrophoresis (CE)

CE is an electrokinetic separation technique which provides effective separation of
components without using organic solvents. It can offer rapid and simple analysis with high
column efficiency®. In some studies, it is shown potential of CE’ miniaturization with the
necessary tracing studies for its application in food and mycotoxins. When CE is combined
with MS, the complexity of the technique is similar to LC-MS, but, as a well-stablished

method, it is preferable LC-MS based technologies™.

According to a study® on maize samples, it was possible to separate aflatoxins AFBI,
AFB2, AFGI| and AFG2 using a capillary column and an on-column laser-based fluorescence

detector.

Immunoassays

Immunoassays are based on the affinity and specificity between antigen and antibody
which is a highly specific new method, essential for mycotoxin’ determination.
Immunochemical methods can be used for quantification of the reaction by competitive
binding. The specificity of the antibody and the existence of specific mycotoxin are both
characteristics that influence the accuracy of the immunoassays for mycotoxins namely for
aflatoxins®. There are three types of immunochemical methods: Radioimmunoassay (RIA),

Chemiluminescence assay and Enzyme-Linked Immunosorbent Assay (ELISA).

In relation to RIA, the sample extract with a specific antibody and a constant quantity
of radiolabelled mycotoxin are incubated. Thereafter, free mycotoxin and bounded
mycotoxin are separated and it is initiated the determination of the radioactivity in those
fractions. Throughout comparison between the standard curve and the sample radioactivity
in bound fraction and free fraction, it is possible to determine the mycotoxin concentration.
On account of the cost, the labelling of mycotoxins with tritium and the disposal of

radioactive waste, it is not extensively used®®*. According to Chu®, it was possible to
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analyse AFBI and OTA with this method through radioactivity determination in each

fraction.

The ELISA technique has two versions relative to the formed bound: Direct ELISA
and Indirect ELISA. Direct ELISA uses a specific antibody coated to a solid phase incubated
with the enzyme conjugate forming an aflatoxin-enzyme conjugate. The quantity of enzyme
bound formed can be determined by incubation with a specific substrate solution. The
colour formed is measured through comparison with the standard mycotoxin or by a
spectrophotometer. This technique depends on the competition for antibody-binding sites,
so the free mycotoxin concentration is inversely related to antibody-bound enzyme

conjugate®®

. In the case of Indirect ELISA, involves protein-aflatoxin conjugate and a
secondary antibody. The conjugate is coated onto the microtitre plate and the sample or
standard aflatoxin is inserted. The quantity of antibody bound is detected when added a
secondary antibody conjugated to alkaline phosphate, providing a coloured product. By

comparison with the standard curve, it is possible to determine mycotoxin concentration®.

Shadbad et al.*® used immunoaffinity columns for aflatoxins determination using PBS
buffer methanol in order to elute aflatoxins. It was possible to determine the total of

aflatoxins (AFBI, AFB2, AFG| and AFG2).

Time-Resolved Fluorescence Immunochromatography Assay (TRFICA)

TRFICA is a new sensitive detection method which is considered to increase the
sensitivity’s detection compared to the gold nanoparticle-based strip assay (GNP-SA). Using
lanthanide-chelate-embedded nanoparticles or microbeads with antibodies or proteins
TRFICA can be used for quantitative detection, as it has high sensitivity, wide linear range
and low background. Since lanthanide chelates have long fluorescence lifetime, wide
excitation spectrum and sharp emission spectrum and large Stokes shift, so it demonstrates
high fluorescence characteristics. In order to increase fluorescence intensity, lanthanide
chelates were embedded into microbeads. This situation also provides the resolution of the
limitation of conventional dissociation-enhanced lanthanide fluorescence immunoassay*.
Nitrocellulose membrane sprayed with test and control lines, used as a sample pad, and
absorbent pad are combined into a TRFICA device. The liquid sample present in
nitrocellulose membrane moves through capillary action to the absorbent pad which

provides the demonstration of the presence or absence of aflatoxins.
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In the case of absence of aflatoxins, the fluorescence lanthanide microbead-labelled
antibodies create the aflatoxin-protein conjugate with the immobilized antigen on the test
line and reacts with the secondary antibody on the control line. For this reason, it is possible

to observe under ultraviolet radiation two coloured lines”.

On the other hand, when aflatoxin is present in the sample, the immobilized
aflatoxin-protein conjugate competes with the aflatoxin present to possibly bind with the
lanthanide microbead-labelled antibodies. This action is negatively correlated with aflatoxin’

concentration in the sample®.

This technique has been applied to different samples, such as maize and peanuts, to
determine AFBI and for Total Aflatoxins (AFBI, AFB2, AFGI and AFG2). The studies on
determination of AFB| in food demonstrated rapid and effective results of TRFICA
technique®. It is used ovalbumin (OVA) to block the sample pad to prevent non-specific
absorption. The test and control lines are covered with AFBI-bovine serum albumin (AFBI-
BSA) and immunoglobulin G (IgG). For the analysis, it is necessary to mix in a reaction pool
first free AFBl and monoclonal antibody against AFBI (anti-AFBI mAb)-conjugated
fluorescence microbeads (Eu’*) followed by lateral flow through TRFICA via capillary action.
It is formed a binding interaction of aflatoxin-antiaflatoxin mAb and antiaflatoxin mAb-IgG
and, consequently the detection results are based on fluorescence intensity of the test line
and control line read by a TRFICA detector. This method demonstrates a better sensitivity

compared to ELISA and GNP-SA methods®.

For determination of Total Aflatoxins, it is used coated AFBI- conjugated BSA and
rabbit antimouse IgG on the nitrocellulose membrane for, respectively, a test line and
control line. Homemade antiaflatoxin mAb was purified with protein G immunoaffinity
column. The rest of the method function is similar to the one described above. The binding
interaction of aflatoxin-antiaflatoxin mAb and antiaflatoxin mAb-IgG induces fluorescence for

detection. The detection sensitivity is higher compared to ELISA and GNP-SA methods®.

Aptamer-Based Biosensor

Most quantitative methods for the detection of mycotoxins mention TLC, HPLC and
LC-MS but, in the meantime, aptamer-based biosensors have been developed and introduced

as a new method for mycotoxin detection®.

Aptamers are single-stranded (ss) DNA or RNA oligonucleotides, an alternative
molecule for recognition element to antibodies. The aptamers can form aptamer/target
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complexes with strong affinity and high specificity. Compared to antibody-based
immunoassays, aptamer- based biosensor use smaller molecules, screened and chemical
synthesis in vitro, can be stored and transported at room temperature (less sensitive),
temperature-induced denaturation is reversible, lower cost, lower time of preparation, no
obvious immunogenicity, wider range of target substances, original biological activities with
labels and can separate structural analogs or cross-reactive substances®, however it is
necessary expensive and special instruments, pre-treatment and professional personnel for

the use of this method.

There are several aptasensors developed for OTA analysis such as fluorescent,
colorimetric and electrochemical aptasensors, as well as nanomaterial-based methods. An
fluorescent aptasensor has been applied to the determination of mycotoxins in peanuts using
the principle of aptamer-conjugated magnetic beads (MBs) and CdTe quantum dots (QDs).
At the time of OTA addition, it starts the production of aptamer/OTA complex and
magnetic separation results in a fluorescence intensity enhancement. This one-step
fluorescent aptasensor method provided wide-range responses and lower limit of detection,

which might represent a potential strategy for OTA control®.

Since aflatoxins are the most toxic mycotoxins, according to IARC classification,
aptamer-based biosensors showed to have high affinity to AFBI. For this reason, a variety of
methods have been developed, such as fluorescent aptasensor, colorimetric aptasensor,
Surface-Enhance Raman Scattering (SERS) aptasensors, Electrochemical aptasensor,
Microring Resonators aptasensor, Electrochemiluminescence aptasensors, Microcantilever
array sensor. According to a study carried out by Li et al.*®, SERS is an analytical method able
to be applied to large amounts of contaminated agricultural products. After AFBI addition,
the aptamer and AFBI| form the aptamer/AFBI complex leading to the dissociation of
complementary DNA. While DNA suffers hibridization, SERS tag was conjugated on the
surface of AuNPs. Recently, SERS have been developed as an ultrasensitivity technique
through CS-Fe;O, nano-bead signal enrichment. When AFBI is added, the SH-DNAZ2-
ADANRs are induced to be released from the surface of CS-Fe;O, as a result of the
competitively binding reaction between AFBI and NH2-DNAI-CS-Fe;O,, which leads to a
decrease of SERS signal. Both techniques have been successfully developed, but the
ultrasensitive SERS aptasensor took the advantages of SERS technique, improving the

detection stability and sensitivity®.
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This method has several advantages, such as high sensitivity and selectivity, rapid,
portable and low-cost targets analysis, great potential for field determination and high-

throughput identification of multiple mycotoxins®.

In spite of all the advantages, this technique uses small molecules, consequently the
screening of nucleic acid aptamers specific to mycotoxins is a complicated process and
requires some time for this particular selection. In addition to this, naturally, the molecules
have to be strongly specific to each mycotoxin. For this reason, few nucleic acid aptamers
have been screened and applied successfully. Some mycotoxins are constituted with various
structural analogs, so it is more difficult to select the highly specific aptamers for each analog.
All in all, the greatest problem for this development is the way to identify and detect multi-
mycotoxins using a limited variety of mycotoxin aptamers, specifically for similar structure
mycotoxins®. Apart from that, traditional antibody preparation needs animal experiments,
which is difficult to prepare in large quantities and also this preparation has technical barriers
that could lead to its monopolization. Also, the affinity of aptamers is normally weaker than
antibodies’ affinity. Finally, commercial kits have to consider diverse factors, for example

stability, sensibility, cost, replicability and technical barriers®.

Another techniques is a DNA-scaffolded silver nanocluster and magnetic separation
introducing a high sensitive aptasensor, in order to analyse simultaneously AFBI and
OTA™¥. According to Guo Guo et al. and Zhang et dl,, fluorescence aptasensor represents a

great potential for multi-mycotoxins determination”®.

Surface Plasmon Resonance (SPR)

In this context there is also an analytical strategy, Surface Plasmon Resonance (SPR).
This technique has several advantages, such as high sensibility for multiple targets, good

specificity, real-time monitoring and high throughput detection®”.

Recently, another
development of this method, a SPR-based aptasensor chip has emerged in order to
determine four mycotoxins, AFBI, OTA, ZEA and DON??'. At present time, the majority of
aspects such as sensitivity, stability, time consuming, cost and replicability necessary for the
detection of mycotoxins by aptamer biosensor are more successful than ELISA, but it is
essential to figure a method that could better compete with ELISA performance, namely

regarding the simplification of analytical principle and devices™.
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Multi-mycotoxins analytical methodologies applied to groundnuts

A vast number of the studies mentioned in the literature determine a single
mycotoxin. However, in the last few years there is a tendency to optimize and validate multi-
mycotoxins analytical methods. Table 2 summarizes multi-analyte methods for mycotoxins
determination in groundnuts (peanuts) and other types of food, such as nuts and dried fruits.
According to analytical methods summarized in Table 2, the most common analytical
technique is liquid chromatography coupled with mass spectrometry. However,
immunoassays such as ELISA and biosensors are also being development and validated. The
main differences among the selected methods for mycotoxins determination is efficiency,
sensibility, selectivity and the cost/efficiency relation, to provide better detection and
quantification of multi-mycotoxins. Concerning Table 2, among extraction methods, SLE and
QUEChERS are commonly used for multi-mycotoxins determination in groundnuts. These
methods are also applied to nuts and dried foods (Table 2). With regard to chromatographic
techniques, the majority of these methods are based in liquid chromatography coupled to
mass spectrometry due to allow simultaneously analysis of different mycotoxins from

different groups and uses C|8 analytical columns (Table 2).

Mycotoxins in groundnuts (peanuts): RASFF notifications

In order to provide valid information about contamination effects in EU, Rapid Alert
System for Food and Feed (RASFF) provides food safety information through notifications by

different countries from EU or outside EU.

In Table 3 are summarized RASFF notifications regarding mycotoxins in groundnuts.
The period of report is between 1¥ January 2021 until 30" September 2021 obtained in
RASFF®, so it is possible to observe that all of the notifications are classified as serious risk
(Table I). Most of the notifications indicate that the contaminated groundnuts are from
countries outside the EU, namely from Egypt and India. The highest value was found for
groundnuts from Bolivia, where it was reported a level of AFBI of 290 pg/kg. These aspects
highlight the importance of developing and validate analytical methods to monitor the

mycotoxins in groundnuts.
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Mycotoxins Detoxification

Normally, aflatoxins are resistant to common treatment strategies, for example
pasteurization and sterilization. For this reason, it was necessary to develop effective
physical, chemical and biological methods to control the amount of mycotoxins in
food'*?***%%%7 |t is recommended to focus on new technologies for the control of
aflatoxins which can have field-application with the principal aim of protecting human and

animal food/feed safety and health. Also important to increase awareness about public health

and prevention, raise economic benefits and, at the same time, decrease costs".

Most of the techniques are applied to grains and cereals decontamination, but all the
methods mentioned can be implemented for groundnuts (peanuts). The conventional
decontamination techniques in cereals are mostly chemical, namely hydrogen peroxide, citric
acid, lactic acid, propionic acid and ozonated water”. According to some studies, there is a
possibility to promote aflatoxin detoxification through the degradation of their structure
using different gases or chemical agents that oxidize, or hydrolase or using thermal
treatment. In relation to the hydrolysis, in acidic and alkaline conditions, method of
detoxification, this is able to open the lactone rings of aflatoxins to produce a water-soluble
compound, the beta-keto acid, which is easily removed from the sample using rinsing with
water. Concerning to thermal inactivation, for example microwaving, extrusion and heating,
irradiation ultraviolet light and absorption gases are the most prevailing physical techniques
to detoxify aflatoxins. High temperatures (between 237 and 306°C) or gamma radiation
(called as cold process) are used for decontamination to extend food shelf life by declining
microbial density, once this method is significantly effective in the degradation of
mycotoxins'>. There is also another type of method, the bio-detoxification which involves
enzymes and microorganisms. In fermented food lactic acid bacteria (LAB) and yeast strains

can be usedl3,99,|00,|0|,|02,I03'

Recent decontamination techniques have been developed without affecting the quality
and nutrients which can fulfil some objectives such as utility, environmentally friendly and
cost-effective. These decontamination techniques are UV radiation, Gamma radiation,
Microwave UV radiation, Extrusion, Electron bean radiation, Pulsed light and Heating'®. In
Table 4 it is possible to observe the effectiveness of each treatment through the percentage

of mycotoxins reduction.

It is recommended to focus on new technologies for the effective control of

aflatoxins which can have field-application with the principal aim of protecting human and
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animal food/feed safety and health. It is also important to increase awareness about public

health and prevention, raising economic benefits and, at the same time, decreasing costs".

Conclusions and Future Perspectives

Groundnuts (peanuts), nuts and dried fruits have a great tendency to be
contaminated by mycotoxins and, due to climate changes, these contaminations could
aggravate. The main extraction methods used for mycotoxins are SLE and QuEChERS and
the analytical techniques mainly used are LC coupled to mass spectrometry, immunoassays,

namely ELISA and biosensors for multi-mycotoxins determination.

According to the needs of multi-mycotoxins analysis, it exists a possibility to use high
resolution mass spectrometry techniques, such as Orbitrap and Time of flight (ToF),
however further studies are needed to assess their reliability, feasibility and reproducibility in

future quantifications. ELISA techniques are expected to continue to be used and developed.

Apta-based biosensors are promissory, neglecting higher sensibility. However, more
research is needed to develop successful specific aptamers, for aptasensors and sensor

arrays for multi-mycotoxin analyses.

For all these reasons presented, it is imperative to create and perform a technique
capable to analyse several mycotoxins simultaneously (ideally from different groups of
mycotoxins) with high specificity, sensitivity, precision and accuracy in different food
matrices in order to be able to guarantee the safety of food samples with reduction of time

analysis, organic solvents (environmentally friendly) and costs.
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Annex

Table | — Maximum levels for certain mycotoxins in groundnuts, nuts and dried fruits according to Commission Regulation (EC) No

1881/2006 and its amendments

Mycotoxins Foodstuffs

Groundnuts (peanuts) and other oilseeds, to be subjected
to sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs, with the
exception of groundnuts (peanuts) and other oilseeds for
crushing for refined vegetable oil production.

Almonds, pistachios and apricot kernels to be subjected to
sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs.

Hazelnuts and Brazil nuts, to be subjected to sorting, or
Aflatoxin Bl other physical treatment, before human consumption or
use as ingredient in foodstuffs.

Tree nuts, other than the tree nuts aforementioned, to be
subjected to sorting, or other physical treatment, before
human consumption or use as an ingredient in foodstuffs.

Dried fruit, other than dried figs, to be subjected to
sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs.

Dried figs.

Groundnuts (peanuts) and other oilseeds (40), to be
subjected to sorting, or other physical treatment, before
human consumption or use as an ingredient in foodstuffs,

with the exception of groundnuts (peanuts) and other
oilseeds for crushing for refined vegetable oil production.

Almonds, pistachios and apricot kernels to be subjected to
sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs.

Sum of Bl. B2 Hazelnuts and Brazil nuts, to be subjected to sorting, or
GleG2 other physical treatment, before human consumption or
use as ingredient in foodstuffs

Tree nuts, other than the tree nuts aforementioned, to be
subjected to sorting, or other physical treatment, before
human consumption or use as an ingredient in foodstuffs.

Dried fruit, other than dried figs, to be subjected to
sorting, or other physical treatment, before human
consumption or use as an ingredient in foodstuffs.

Dried figs.

Ochratoxin A

(OTA) Dried vine fruit (currants, raisins and sultanas).

Maximum

levels (ug/kg)

8.0

12.0

8.0

5.0

5.0

6.0

15.0

15.0

15.0

10.0

10.0

10.0

10.0
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Table 3 — Notification of mycotoxins in groundnuts from RASFF

Date

06/01/2021
05/02/2021
08/02/2021
24/02/2021
01/03/2021
04/03/2021
11/03/2021
17/03/2021
22/03/2021
25/03/2021
01/04/2021
12/04/202 |
20/04/2021

21/04/2021

28/04/202|
29/04/2021
05/05/2021
06/05/2021
27/05/2021
27/05/2021
02/06/202|
07/06/2021
10/06/2021
16/06/2021
17/06/2021
21/06/2021

22/06/2021

30/06/2021
01/07/2021
02/07/2021
06/07/2021
29/07/2021
05/08/2021
11/08/2021
19/08/2021
01/09/2021
03/09/2021
07/09/2021
09/09/2021
10/09/2021
30/09/2021

Country

Netherlands
Netherlands
Italy
Netherlands
Germany
Italy
Netherlands
Netherlands
Netherlands
Netherlands
Italy
Netherlands
Netherlands

Germany

Netherlands
Netherlands
Germany
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Bulgaria
Netherlands
Netherlands
Belgium

Netherlands

Italy
Netherlands
Norway
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Poland

Product

Egypt groundnuts
Egypt groundnuts
Egypt groundnuts
Argentina groundnuts
Egypt groundnuts
Fried groundnuts
Egypt organic groundnuts
Argentina groundnuts
Spain Groundnuts
Egypt groundnuts
Egypt groundnuts
Indian groundnuts
Argentine groundnuts

Egypt groundnuts

Bolivian groundnuts
Egypt groundnuts
Egypt groundnuts
Egypt groundnuts
Egypt groundnuts

Bolivian groundnuts

China organic groundnuts
Bolivian groundnuts
Brazil shelled groundnuts
Argentina groundnuts
Argentine groundnuts
Cameroon groundnuts

Argentina groundnuts
kernels

India groundnuts
Egypt groundnuts
USA blanched groundnuts
USA groundnuts
Indian groundnuts
Egypt groundnuts
Nicaraguan groundnuts
Argentina groundnuts
Indian groundnuts
Indian groundnuts
Brazilian groundnuts
Egypt groundnuts
USA groundnuts
USA groundnuts

Mycotoxin

AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
Total
Aflatoxins
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI

AFBI

AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI
AFBI

Level
(nglkg)
99
67
52.6
5.4
5.4
2.82
9.8
8.6
21
25
37.6
19
9.4

14

9.5
20
15.4
7.8
250
79
4
290
47
12
I5
44|

10

7.3
82
285

12
20

I
4.7
7.1
9.2
55

Risk

Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious

Serious

Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious

Serious

Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
Serious
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Table 4 - Influence of different Decontamination Techniques

Decontamination % Reduction of

Mycotoxin Sample Technique Mycotoxins Reference
Peanut surface UV radiation 100 [109]
Corn and Gamma radiation >80 [110]
walnut
Micr(?ijaye uv >50
Peanuts radiation [
Gamma radiation 49
AFBI Peanut meal Extrusion 77 [112]
Gamma radiation 71
Brazil nut Electron bean [113]
o 84
radiation
Pistachio nuts
(mixed .W.Ith Heating 93 [114]
lemon juice

and citric acid)





