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FORMATO DA DISSERTACAO

A presente dissertacdo ¢ composta por capitulos. O Capitulo I apresenta uma introdugao
geral, a contextualizacdo do tema, o estado da arte e os objetivos da pesquisa. O Capitulo
2 trata-se do artigo cientifico completo redigido a partir dos resultados obtidos no estudo,
formatado nas normas da revista para o qual o artigo serd submetido. O Capitulo 3 finaliza
esta dissertagdo com conclusdes gerais e consideracdes finais deste trabalho e sugestdes

para estudos futuros. As normas da revista estdo disponiveis no Anexo I.



RESUMO GERAL

A busca por novas substancias a partir de fontes naturais tem ganhado importancia no
cenario mundial como alternativa ao uso de fungicidas sintéticos. Dentre esses compostos
naturais, o isotiocianato de alila (AITC) tem se destacado pelo seu potencial antifiingico.
O objetivo do presente trabalho foi avaliar a eficiéncia do AITC na forma gasosa para a
reducdo do crescimento de Aspergillus parasiticus e Fusarium verticillioides visando a
redu¢do da producdo de micotoxinas (aflatoxinas AFBi, AFB;, AFGi e AFGy;
fumonisinas FB; e FB;) em milho estocado por180 dias. Amostras de 300 g de grdos de
milho foram tratados com AITC (0,5; 10 e 50 uL/L em volume do frasco) em frascos de
vidro (830 mL), sendo entdo selados e armazenados por 2 dias sob condi¢des ambientais
de umidade e temperatura. Em seguida, os frascos foram abertos por 1 h para eliminar o
excesso de AITC e inoculados respectivamente com 10* e 10° conidios/g de A. parasiticus
CECT 2947 e F. verticillioides CECT 2983. Os grupos controle ndo receberam tratamento
com AITC. Aliquotas de 10 g foram usadas para determinar a populagdo fingica apds 0,
2,7, 14, 30, 60, 90, 120, 150 e 180 dias. Similarmente, os niveis de aflatoxinas (B1, Ba,
G1 e 52), fumonisinas (FB; e FB;) e AITC foram quantificados por HPLC nesses mesmos
tempos. O AITC a 50 pL/L resultou na redugdo significativa (p<0,05) da populagdo em
180 dias de estocagem, reduzindo 3,17 log UFC/g e 3.9 log UFC/g de A. parasiticus e F.
verticillioides, respectivamente. Além disso, tratamentos com 10 e 50 pL/L evitaram a
producdo de FBi. Os niveis de AITC residual no milho tratado com 10 e 50 uL/L foram
respectivamente, 6,5 ¢ 29,1% apds 14 dias, enquanto que somente o tratamento de 50
nL/L apresentava AITC residual (25,9%) nos graos ap6s 30 dias. O AITC residual ndo
foi detectado no grupo tratado com 0,5 pL/L ja apos 2 dias. O tratamento profilatico com
AITC foi eficaz na reducao da populagdo fungica e inibiu a produ¢do de FBi. Por ser um
composto volatil, o AITC mostrou-se capaz de penetrar no milho, sendo que doses de 50
nL/L apresentaram maior efeito residual. Todos esses resultados sugerem que o AITC
pode ser usado como agente fumigante em silos ou até mesmo em embalagens, a fim de
evitar a deterioracdo fingica e, consequentemente, a produ¢do de micotoxinas em graos

de milho.
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ABSTRACT

The search for new substances from natural sources has gained importance worldwide as
an alternative to synthetic fungicides. Among these natural compounds, allyl
isothiocyanate (AITC) has been evaluated for its antifungal potential. The objective of
the present study was to evaluate the efficiency of gaseous AITC to inhibit the growth of
Aspergillus parasiticus and Fusarium verticillioides, and to reduce mycotoxin production
(aflatoxins Bi1, B2, G1 and G2, fumonisins By and B») in corn during 180 days of storage.
Samples (300 g) of corn kernels were treated with AITC (0.5, 10 and 50 puL/L) in glass
jars (830 mL), then hermetically closed and stored for 2 d under normal environmental
conditions. The flasks were opened for 1 h to let the excess of AITC to escape and
inoculated with 10* and 10° spores/g of A. parasiticus CECT 2947 and F. verticillioides
CECT 2983, respectively. Control groups were not treated with AITC. Aliquots of 10 g
were used to determine the fungal population after 0, 2, 7, 14, 30, 60, 90, 120, 150 and
180 d. Similarly, levels of aflatoxins (Bi, B2, Gi and Gz), fumonisins (B; and B») and
AITC were quantified by HPLC in these same time points using 5 g samples. AITC at 50
pL/L resulted in a significant reduction of the fungal population (p <0.05) after 180 d of
storage, decresing 3.17 log CFU/g and 3.9 log CFU/g of A. parasiticus and F
verticillioides, respectively. In addition, treatments with 10 and 50 pL/L prevented the
production of FB1. Residual levels of AITC in corn treated with 10 and 50 puL/L were 6.5
and 29.1% after 14 d; <LOD (Limit of Detection) and 25.9% after 30 d, respectively.
Residual AITC was not detected in corn treated with 0.5 pL/L. Prophylactic treatment
with AITC was effective in reducing the fungal population and inhibited FB; production.
All these results suggest that AITC may be used as a fumigant agent in silos or packages
to avoid fungal deterioration and, consequently, to reduce mycotoxins production in corn

kernels.

Keywords: Natural antimicrobial, fungal spoilage, mycotoxins reduction, toxigenic

fungi, stored grains.
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CAPITULO 1

INTRODUCAO E CONTEXTUALIZACAO

O milho ¢ um dos cereais mais importantes cultivados e consumidos no mundo.
Segundo a USDA (2016), a produ¢do mundial chegou a 968,86 milhdes de toneladas (t)
em 2015. O Brasil ¢ o terceiro maior produtor mundial com uma produgdo aproximada
de 63,3 milhdes de t no ano de 2016, estando atras apenas dos EUA (384,8 milhdes t) e
China (219,6 milhoes t) (GCEA/IBGE, 2017; USDA, 2017). Do total produzido no
Brasil, 52 milhdes de t foram destinadas a alimentagdo humana e animal (Abimilho,
2016).

Dentre as perdas que ocorrem durante o processamento e estocagem de graos, os
fungos sdo os agentes deteriorantes mais frequentes, principalmente em paises de clima
tropical, como o Brasil, onde o armazenamento inapropriado dos graos, associado ao
clima quente e umido favorecem a deterioragdo fungica (Astoreca et al., 2012). Como
consequéncia, ocorrem alteracdes fisico-quimicas dos graos e o decréscimo do seu valor
nutricional, contribuindo para a reducdo do wvalor econdmico e muitas vezes
impossibilitando sua comercializacao (Astoreca et al., 2012; Degraeve et al., 2016).

Além das perdas econdmicas provocadas pela deterioracdo de graos, muitos
fungos sao produtores de micotoxinas. As micotoxinas sao metabolitos secundarios
toxicos produzidos por fungos em diversos alimentos sob determinadas condigdes de
temperatura e umidade (Nielsen et al., 2004). Esses compostos podem ser formados por
fungos que se desenvolvem nos graos quando ainda estio no campo ou durante a
estocagem (Degraeve et al., 2016). Dentre os produtores de micotoxinas, destacam-se
principalmente os fungos dos géneros Aspergillus, Fusarium e Penicillium, que produzem
aflatoxinas, fumonisinas, tricotecenos, zearalenona e ocratoxina (Sweeney e Dobson,

1998).

Incidéncia de micotoxinas em alimentos
A Food and Agriculture Organization (FAO, 2004) estima que cerca de 25% dos
graos no mundo possam estar improprios para o consumo devido a contaminagdo por

micotoxinas. Para evitar essa alta incidéncia, métodos preventivos sdo tomados, tais

1



como, a implementac¢do de boas praticas de producao, estocagem e distribuicdo. Porém
essas toxinas continuam sendo um problema mundial (ONU/FAO, 2016). Como
exemplo, nos Estados Unidos, a Food and Drug Administration (FDA) estimou que as
perdas provocadas pelas micotoxinas na indudstria animal podem custar centenas de
milhdes de dolares ao ano (CAST, 2003).

A presencga dos fungos micotoxigénicos raramente € visualmente perceptivel em
alimentos, o que ndo significa a auséncia de micotoxinas nos mesmos. Da mesma forma,
a presenca de fungos ndo significa producdo de micotoxinas, pois as condi¢des de
temperatura ¢ atividade de agua para a producdo de micotoxinas sdo distintas das
condi¢des Otimas de crescimento, e geralmente sdo mais restritas (Binder et al., 2007).
Dessa forma, as condigdes ambientais podem permitir o crescimento do fungo, porém a
producdo de micotoxinas pode ser limitada ou até mesmo evitada por fatores de estresse
durante o crescimento do mofo (Astoreca et al., 2012).

A exposi¢cdo humana as micotoxinas pode acontecer de forma direta ou indireta.
A direta ocorre pela ingestdo de grdos ou produtos alimenticios contaminados; e de
maneira indireta, se da quando o individuo ingere alimentos como o leite e a carne de
animais contaminados (Rocha et al., 2014). A elevada exposi¢dao animal e humana as
micotoxinas pode resultar em efeitos adversos agudos e cronicos, dependendo da espécie
e da susceptibilidade do animal. Estes efeitos adversos estdo geralmente associados ao
potencial teratogénico, carcinogénico, estrogénico e efeitos imunossupressores destas

toxinas (Binder et al., 2007).

Legislacao

Atualmente, mais de 100 paises possuem legislagdo para determinar o limite
maximo toleravel de micotoxinas em alimentos e ra¢ao animal (Wu e Guclu, 2012). Essas
legislacdes foram criadas com o intuito de regular a qualidade dos graos comercializados,
evitando a entrada de alimentos que possam causar doengas para a populagdo. No Brasil,
a RDC n° 7 de 18 de fevereiro de 2011 da ANVISA determina o limite maximo tolerado
(LMT) de micotoxinas em alimentos. Na Tabela 1, estdo apresentados os LMT para
micotoxinas em milho e produtos derivados do milho. Da mesma maneira, a legislacdes
da FDA (2011) nos Estados Unidos e da Comissdo Europeia (EC N° 1881/2006)

determinam os valores maximos toleraveis de micotoxinas em milho e seus produtos



derivados. Os niveis maximos toleraveis no Brasil sdo geralmente maiores, contudo a

cada nova normativa, a legislacao se torna mais restrita.

Tabela 1. Limites maximos toleraveis (LMT) de micotoxinas encontradas em milho segundo a

RDC n° 7 de 18 de Fevereiro de 2011 da ANVISA.

LMT
(ng/kg)

Micotoxina Alimentos

Milho, milho em gréo (inteiro, partido, amassado, moido),
Aflatoxinas ) ) 20
farinhas ou sémolas de milho
(B1+B2+G1+G2)

Alimentos a base de cereais para criangas 1
Milho de pipoca 2000
Alimentos a base de milho para alimentag¢do infantil 200
Fumonisinas Milho grdo para processamento 5000
(Bi*+B2) Farinha de milho, creme de milho, fub4, flocos, canjica, 1500
canjiquinha
Amido de milho e outros produtos a base de milho 1000
Milho grio para processamento 400
Zearalenona Milho de pipoca, canjiquinha, canjica, produtos e 150

subprodutos a base de milho

Métodos de controle

A seguranca alimentar tornou-se uma preocupagdo mundial, e estratégias
eficientes de controle da contaminagao fungica devem ser adotadas. Segundo Leibetseder
(2006), prevenir a contaminacdo pelo microrganismo e estabelecer pontos criticos de
controle sdo as principais maneiras de se reduzir a deterioracdo fungica e
consequentemente, reduzir a contaminagao por micotoxinas.

O controle da producgdo das micotoxinas pode ser realizado por métodos quimicos,
fisicos e/ou bioldgicos. Contudo, apesar dessa variedade de métodos, ao serem produzidas
no alimento, a mitigacao das micotoxinas se torna muito dificil (Varga et al., 2010). A
aplicagdo de fungicidas ¢ o recurso mais tradicional. Entretanto, t€ém se sugerido
alternativas mais racionais para a reducdo da contaminacdo por micotoxinas (Nathanail
et al., 2016; Serrano et al., 2016; Zhu et al., 2016). Os métodos sao normalmente

preventivos, pois € a maneira mais barata e eficiente de evitar a produg¢do de micotoxinas,



além de reduzir os efeitos sobre a saide animal, bem como as perdas econdmicas (Smith
e Girish, 2012). Infelizmente, ¢ impossivel evitar a contaminacao fingica completamente,
portanto, algumas medidas de desintoxicacdo vém sendo propostas, com aplicagdao
durante as fases de pré-colheita, pos-colheita, ou at¢ mesmo no produto final (Zhu et al.,
2016). Dentre esses métodos, os adsorventes de micotoxinas (argilas e bentonitas) sdo os
mais comuns, sendo disponivel comercialmente para a utilizacao na alimentagdo animal,
os quais se ligam as toxinas no trato gastrintestinal impedindo a sua absor¢ao sistémica
(Avantaggiato et al., 2004).

O wuso de microrganismos (Saccharomyces pastorianus, Saccharomyces
cerevisiae ¢ bactérias acido laticas) capazes de biotransformar as micotoxinas também
vem sendo proposto e avaliado (Corassin et al., 2013; Meca et al., 2013; Nathanail et al.,
2016). Entretanto, at¢é o momento ndo ha um método disponivel capaz de eliminar
totalmente as micotoxinas sem alterar a qualidade dos produtos.

A busca por novas substancias a partir de fontes naturais tem ganhado importancia
no cenario mundial como alternativa ao uso de aditivos sintéticos (Ramos, et al., 2012).
Os dleos essenciais sdo misturas complexas de substancias volateis e lipofilicas obtidos
de plantas principalmente por destilagdo com arraste a vapor d’agua (Santos et al., 2013).
Esses compostos possuem capacidade de inibir diversos patdgenos em alimentos e,
devido a aceitagdo e seguranga para os consumidores, tendem a ser cada vez mais
utilizados (Luciano e Holley, 2009).

Entre os antimicrobianos naturais, os isotiocianatos (ITCs) se destacam pelo
potencial antibacteriano e antifingico. Estes compostos sdo produtos da hidrolise
enzimatica dos glucosinolatos, sendo encontrados em plantas da familia Brassicaceae
(Azaiez et al., 2013). Sao conhecidos mais de 120 glucosinolatos com diferentes
estruturas quimicas (Fahey et al., 2001). Dentre eles, a sinigrina encontrada na mostarda
marrom (Brassica juncea), quando hidrolisada pela enzima mirosinase, ¢ convertida
principalmente em isotiocianato de alila (AITC) (Luciano e Holley, 2009).

O AITC ¢ um composto volatil que estd relacionado com diversos efeitos
benéficos a saude humana incluindo potencial antiangiogénico, anti-inflamatorio,
neuroprotetor e anticarcinogénico (Bhattacharya et al., 2013). O AITC ¢ o mais potente
antimicrobiano entre os ITCs, devido a sua agdo antimicrobiana em doses menores
(Olaimat e Holley, 2016). Nesse contexto, alguns autores demonstraram a capacidade do
AITC em volatilizar e inibir o crescimento de entidades micotoxigénicas, como Fusarium

graminearum, Aspergillus parasiticus, Penicillium expansum e Fusarium poae,
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demonstrando um efeito dose dependente e com efeitos de mitigacdo da produgdo de
micotoxinas a partir de 10 uL/L em fase gasosa (Azaiez et al., 2013; Manyes et al., 2015;
Nazareth et al., 2016). Além disso, o AITC tem a capacidade de reagir diretamente com
micotoxinas formando novos compostos e reduzindo sua presenca em solugdes e matrizes
alimentares (Luciano et al., 2014; Meca et al., 2012).

Por ser um composto voléatil, o AITC pode ser utilizado como fumigante, podendo
reduzir os niveis de micotoxinas em milho pela inibicdo do crescimento de fungos
toxigénicos ou pela reacdo direta com micotoxinas. Dessa forma, o objetivo do presente
trabalho foi avaliar a eficiéncia do AITC na forma gasosa para a reducao do crescimento
de Aspergillus parasiticus CECT 2947 e Fusarium verticillioides CECT 2983, visando a
reducdo da producdo de micotoxinas (aflatoxinas Bi, B2, Gi e G2; fumonisinas B; e B»)

em milho durante 180 dias de estocagem.
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ABSTRACT

The objective of this study was to evaluate the efficacy of gaseous AITC to inhibit the
growth of 4. parasiticus and F. verticillioides, and mycotoxin production (aflatoxins B,
B>, G1 and G, fumonisins B and B») in corn during 180 d. Samples of corn were treated
with AITC (0.5, 10 and 50 puL/L) in glass jars. The samples were inoculated with either
10* or 10° spores/g of A. parasiticus CECT 2947 and F. verticillioides CECT 2983,
respectively. Aliquots of 10 g were used to determine the fungal population after 0, 2, 7,
14, 30, 60, 90, 120, 150 and 180 d. Similarly, levels of aflatoxins, fumonisins and AITC
were quantified by HPLC during the same period. AITC at 50 pL/L resulted in a
significant reduction of the fungal population (p <0.05) after 180 d, decreasing 3.17 log
CFU/g and 3.9 log CFU/g of 4. parasiticus and F verticillioides, respectively. In addition,
treatments with 10 and 50 pL/L prevented the production of FB1. Residual levels of AITC
in corn treated with 10 and 50 pL/L were detected after 14 and 30 d, respectively.
Therefore, prophylactic treatment with AITC reduced the fungal population and inhibited
FB; production in stored corn.

Keywords

Natural antimicrobial, fungal spoilage, mycotoxins reduction, toxigenic fungi, stored

grains.
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1. Introduction

Corn is one of the most important food grains cultivated around the world. Brazil
is the third largest producer worldwide with approximately 63.3 million tons produced in
2016 (GCEA/IBGE, 2017). Fungal spoilage and mycotoxin contamination are frequent
problems that reduce the quality of corn kernels and cause significant economic loses.
Toxigenic fungi are capable to grow under a wide range of conditions, but food and
feedborne mycotoxins have a more significant importance in tropical countries, where the
weather is warm and humid (Astoreca et al., 2012; Degraeve et al., 2016). The Food and
Agricultural Organization estimated that approximately 25% of cereals produced
worldwide are contaminated with dangerous levels of mycotoxins (Duarte et al., 2010;
Igbal et al., 2013).

Aflatoxins (AFs) are polyketide secondary metabolites produced by toxigenic
species of Aspergillus, such as Aspergillus flavus, Aspergillus parasiticus and Aspergillus
nomius and others (Khayoon et al., 2010; McKean et al., 2006). The most common
aflatoxins in food products are aflatoxin Bi (AFB), aflatoxin B, (AFB.), aflatoxin G;
(AFG) and aflatoxin G2 (AFG2). These toxins are mainly found in grains and nuts,
whereas aflatoxin M, which is derived from the metabolism of AFB; in mammals, is
found in milk and dairy products (Giray et al., 2007). Among AFs, AFB; is the most
potent carcinogenic compound to mammals, classified as group 1 by the International
Agency for Research on Cancer (IARC, 1993). The consumption of feed contaminated
with aflatoxins by different species is associated with teratogenic, mutagenic and
carcinogenic effects (Binder, 2007; Manyes et al., 2015). Moreover, acute hepatitis,

hemorrhage and edema have been also reported in animals that ingested high levels of
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AFs (Igbal et al., 2014). Aspergillus species are commonly associated with the storage of
grains and, consequently, AFs are produced after harvest.

Fumonisins are secondary metabolites of Fusarium species, mainly Fusarium
verticillioides and Fusarium proliferatum. These fungi are present in the environment and
contaminate the grains in the field, where corn the most affected product (Piacentini et
al., 2015). Once contaminated, fumonisins can be produced during pre or post-harvest.
Exposure to fumonisins may cause harmful responses to human and animal. In humans,
high exposure to FB; is associated with increased risk of developing esophageal cancer
(Ling et al., 2015). In animals, they cause various diseases including equine
leukoencephalomalacia and pulmonary edema in swine (Queiroz et al, 2012; Latorre et
al, 2015).

Many countries have established maximum tolerable levels of mycotoxins in corn
kernels and corn kernels products. In Brazil, the tolerable limit of aflatoxins and
fumonisins in corn kernels range from one to 20 ng/g and 200 to 5000 ng/g, respectively
(ANVISA, 2011). In 2006, the Commission of the European Community set the levels
for aflatoxins ranging from five to 10 ng/g for AFs and 200 to 2000 ng/g for FMs in corn
(EC n°. 1881/2006). On the other hand, the US allows a limit of 20 ng/g for AFB1, and a
limit ranging from 2000 to 4000 ng/g for FMs in corn (FDA, 2011).

There has been an increasing interest in the application of natural antimicrobial
compounds in foods due to their safety status and higher consumer acceptance (Luciano
and Holley, 2009). Some vegetables such as broccoli, cauliflower, cabbage, brussels
sprout and various mustard species are known to produce high concentrations of
isothiocyanates (ITCs). These compounds are naturally formed after hydrolysis of
glucosinolates, and act as a defense mechanism against fungal diseases, insects and

herbivores (Mansour et al., 2012; Neoh et al., 2012). ITCs have an electrophilic carbon
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that enables them to bind to thiol and amino groups of amino acids, peptides and proteins,
forming conjugates (Cejpek et al., 2000). Thus, these compounds can inhibit microbial
enzymes and vital metabolic pathways of different pathogens at low concentration,
including insects, bacteria, nematodes and fungi.

Allyl isothiocyanate (AITC), derived from brown and black mustard, is a volatile
compound that has presented the most potent antimicrobial activity among ITCs. Its small
molecule can penetrate the matrix of stored foods through fumigation (Olaimat and
Holley, 2016; Siahaan et al., 2014), presenting potent activity against mold growth and
mycotoxin production in different foods, including bread (Azaiez et al., 2013), pizza crust
(Quiles et al., 2015), nuts (Hontanaya et al., 2015), wheat tortillas (Saladino et al., 2016),
wheat flour (Nazareth et al., 2016), strawberries (Ugolini et al., 2014) and corn kernels
(Tracz et al., 2016).

The objective of this study was to evaluate the effects of AITC as fumigant agent
to inhibit the growth of Aspergillus parasiticus CECT 2947 and Fusarium verticillioides
CECT 2983 and reduce mycotoxin production in corn kernels during 180 d of storage. As
a secondary objective, we evaluated the residual concentrations of AITC during the same

period to verify when reapplications of the fumigant would be necessary.

2. Materials and Methods

2.1. Materials

Aflatoxins (B1, B2, G1, G2), fumonisins (FB1, FB») and allyl isothiocyanate (>95%
purity) analytical standards were obtained from Sigma-Aldrich (St. Louis, MO). HPLC-
grade acetonitrile, methanol, o-phthalaldehyde and 2-mercaptoethanol were obtained

from Sigma-Aldrich (St. Louis, MO) and acetic acid from LabMaster (Biotec, Pinhais,
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Brazil). Deionized water (<18 MU/cm resistivity) was obtained from a Milli-Q water

purification system (Millipore, Darmstadt, Germany).

2.2. Fungal strains and inoculum

Fusarium verticillioides CECT 2983 and Aspergillus parasiticus CECT 2947
were obtained from Spanish Type Culture Collection (CECT Valencia, Spain). The
strains were grown in potato dextrose agar (PDA, Himedia, Mumbai, India) for 7 d at 25
°C. Then, 5 mL of 0.1% peptone water (Oxoid, Basingstoke, England) were added on top
of the grown colonies, which were scraped to form a suspension. The mixture was
transferred to a lab tube and adjusted to 10° conidia/mL for Aspergillus parasiticus or 10’
conidia/mL for Fusarium verticillioides. These solutions were used to contaminate corn

samples.

2.3. AITC fumigation treatment

Whole corn kernels (300 g) were placed in glass jars (830 mL) and autoclaved for
20 min at 121°C. Jars were cooled to room temperature (23°C) and treated with AITC
(0.5 uL/L, 10 /L and 50 uL/L). Control samples did not receive any treatment. The jars
were hermetically closed with metal caps, homogenized and incubated for 48 h at 25°C.
Thereafter, bottles were opened for one hour in sterilized air to allow ventilation of the
grains and evaporation of AITC excess, as described and adapted by Tracz et al. (2016).
Finally, each sample was inoculated with 20 mL of sterilized water to increase
environmental humidity and 3 mL of either fungal suspension. Amounts of 20 g of corn
kernels were taken at 10 different time-points (0, 2, 7, 14, 30, 60, 90, 120, 150, 180 d),
where 10 g were used for microbial counting and 10 g were used for mycotoxin analysis.

Experiments were repeated twice in triplicates for each treatment (n = 6).
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2.4. Determination of fungal population
Corn samples (10 g) were added to 90 mL of sterile 0.1% peptone water. The
mixture was poured inside sterile mortars (500 mL) and the kernels were subsequently
crushed with a pestle for 5 min in a level 2 biosafety cabinet. Then, mixtures were serially
diluted in tubes containing 0.1% peptone water and 0.1 mL of each dilution were plated
on PDA in duplicates. The plates were incubated for 7 d at 25 °C in the dark. Results are

presented in log CFU/g.

2.5. Fumonisins analysis

Fumonisin extraction and quantification were performed according to Shephard
et al. (1990) with some modifications. Corn samples (12.5 g) were extracted with 25 mL
of methanol: water (75:25, v/v). The mixture was stirred for 30 min in water bath (40 °C)
and filtered (Whatman N° 1 filter). Clean-up of extracts was performed using solid-phase
extraction (SPE) columns (Strata SAX, Phenomenex, Torrance, USA), which were
conditioned with 8 mL of methanol followed by 8 mL methanol:water (75:25, v/v). A 2
mL aliquot of the extract was passed through the column and washed with 5 mL of
methanol:water (75:25, v/v) followed by 3 mL of methanol. Fumonisins B; and B> were
eluted with 15 mL of methanol:acetic acid (99.5:0.5, v/v). Extract was separated in
triplicate and evaporated using airflow. Dried extracts were suspended in 2 mL of
methanol:water (50:50, v/v), evaporated and diluted in 0.2 mL acetonitrile:water (50:50,
v/v). Prior to derivatization. O-phthalaldehyde (OPA) reagent was prepared dissolving
OPA (0,02 g) in methanol (0.5 ml) and adding 2.5 ml of 0.1 M sodium borate and 25 pL
of 2-mercaptoethanol. Derivatization was carried out manually prior to the HPLC analysis

by suspending the extract (100 uL) with OPA reagent (200 puL). Then, 20 uL was injected
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in the HPLC system (1220 infinity, Agilent, Santa Clara, USA) with fluorescence detector
(1260 infinity, Agilent) at excitation and emission wavelengths of 335 and 440 nm,
respectively. Agilent OpenLAB CDS ChemStation Editor was used for data analysis. A
C18 column (Phenomenex, Torrance, USA) 4.6 x 150mm, 3um particle size was used as
stationary phase. Gradient mobile phase was acetonitrile (B) and water + acetic acid 1%
(A) at a flow rate of 1 mL/min. Mobile phase was 30% B at 0 - 8.5 min, increasing to
70% B at 18 min, hold for 4 min and increasing to 95% B at 23 min, which was kept until

24 min, decreasing to 30% B at 25 min.

2.6. Determination of residual AITC in corn

Corn samples were treated with different doses of AITC (0.5, 10 and 50 pnL/L).
AITC residual levels were evaluated at 2, 14, 30 and 60 d of storage. The experiment was
conducted in triplicate and the analyses were carried out in duplicates (n = 6). The
extraction was performed as described by Tracz et al. (2016). Samples (5 g) were placed
ina 15 mL falcon tube containing 10 mL of methanol. The mixture was mixed for 30 min
in water bath at 40 °C. Thereafter, tubes were placed inside an ultrasonic bath for 10 min,
followed by centrifugation at 4000 x g for 5 min at 20 °C. The supernatant was recovered
and filtered through 0.22 um nylon membrane. An aliquot of 20 pL was injected in HPLC
with diode array detector (LC-DAD) 1220 infinity (Agilent, Santa Clara, USA) at 236
nm, with Agilent OpenLAB CDS ChemStation Editor for data analysis. A Gemini Cig
column (Phenomenex, Torrance, USA) 4.6 x 150mm, 3 pum particle size was used as
stationary phase. The isocratic mobile phase was water:acetonitrile (60:40, v/v) and flow

rate of 0.8 mL/min.

2.7. Validation procedures
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Validation of the analytical method was performed according to guidelines
established by ICH (ICH, Harmonised Tripartite Guideline, 2005). Recovery and
standard deviations (RSDs) were measured in spiked samples (100, 200 and 300 ng/g for
FBi and FB»; 2, 5 and 10 ng/g for AFB1, AFB,, AFG1, AFG2; 62.5, 125 and 250 pnL/L for
AITC) submitted to same treatment conditions, in four different days, using three
replicates in each day. The samples were previously evaluated for endogenous
mycotoxins. The limits of detection (LOD) and quantification (LOQ) were calculated
based on signal: noise ratio of 3:1 and 10:1, respectively. Linearity was evaluated by
calibration curve using six concentrations in triplicate. Matrix effects were investigated
by comparing the slopes of standards diluted in solvent with the slopes of matrix extract

spiked with standards.

2.8. Statistical analysis
Software Prism version 3.00 (GraphPad, La Jolla, CA, USA) for Windows was
used for statistical analysis. ANOVA was performed followed by Tukey HSD post-hoc

test for multiple comparisons. The level of significance considered was p < 0.05.

3. Results and Discussion

3.1. Effects of allyl isothiocyanate on fungal growth

Despite the increasing interest in the use of natural compounds to prevent the
growth of microorganisms in foods, there are no studies reporting the use of AITC to
inhibit the growth of micotoxigenic fungi in corn kernels during a long period of storage.
Table 2 shows the effect of a prophylactic treatment with AITC (0.5, 10 and 50 pL/L) in

corn to inhibit the growth of A. parasiticus CECT 2947 for 180 d. At day 0, all treatment
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had significant difference due residual AITC. The treatments of 0.5 and 10 pL/L had no
effect in the fungal growth in comparison with the control group after day 0. However,
50 pL/L could decrease the population of A. parasiticus to levels below our detection
limit (0.92 CFU/g) after 150 d. Our results corroborated with Manyes et al. (2015), which
reported the inhibition effect of AITC in mycelial growth of Aspergillus parasiticus
CECT 2947. The authors demonstrated that doses lower than 25 mg of AITC per disc
(disc diffusion method) could not inhibit the mycelial growth in petri dishes incubated at
room temperature during 20 d. Such results combined show that AITC can inhibit the
growth of 4. Parasiticus CECT 2947.

Okano et al. (2015) determined the effectiveness of AITC as vapor treatment with
mustard seed extract to control aflatoxin producing fungi on stored corn. AITC at 54.6
ng/mL inhibited visible growth of aflatoxigenic molds in unsterilized corn and in
sterilized corn inoculated with various aflatoxigenic fungi after 14 d. However, f 4.
glaucus, A. penicillioides and A. restrictus were detected when corn was homogenized in
peptone water and cultured in agar. Similarly, our study demonstrated that treatment with
10 uL/L inhibit the visual growth after 15 d (data not shown) but strain of A. parasiticus

could be detected in PDA medium.
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Table 2

Effect of prophylactic fumigation of allyl isotiocyanate (0.5, 10 and 50 pL/L) in corn
kernels for 48 h stored in hermetically closed glass jars. Jars were opened for 1 h (Day 0)
to allow evaporation of excess of AITC and Aspergillus parasiticus CECT 2947 was
inoculated at ~ 4 log UFC/g. Fungal growth was followed during 180 d.

A. parasiticus CECT 2947

Fungal population (Log CFU/g) (Mean+ SE)

Days Control 0.5 uL/L 10 uL/L 50 uL/L

0 4.3140.02° 4.16+0.04° 4.09+0.03° 4.09+0.02°
2 4.03+0.06 4.03+0.06* 3.78+0.09° 3.90+0.07
7 2.89+0.07° 2.77+0.08%° 2.76+0.08% 2.45+0.13°
14 2.9440.08° 2.96+0.04 2.854+0.04° 2.13+0.17°
30 3.67+0.05 3.68+0.05° 3.74+0.07° 2.37+0.18°
60 3.91+0.04° 3.73+0.09° 4.10+0.24 1.85+0.17"
90 3.5940.05° 3.97+0.08? 3.73+0.17 1.4340.14°
120 3.3940.09° 3.70+0.04* 3.37+0.06° 1.2240.15"
150 3.36+0.09° 3.63+0.04° 3.64+0.19 <0.92+0.00°
180 3.30+0.06 3.66+0.12° 3.07+0.30° <0.92+0.00°

Different letters show significant difference among treatments in the same row (p < 0.05)

Quiles et al. (2015) evaluated the use of antimicrobial devices containing allyl
isothiocyanate to inhibit the growth of A. parasiticus in pizza crust. None of the
treatments tested was able to completely inhibit the fungal growth. However, treatments
containing 10 pL/L could reduce fungal population > 5 log CFU/g in comparison to
control group after 30 d. These different results can be explained by differences in both
methods. The pizza crusts were contaminated and incubated at 4 °C. This temperature is
not ideal for the growth of Aspergillus parasiticus. Furthermore, this species is commonly

found in corn kernels, where the microorganism is more adapted. A. parasiticus depend
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of O to grow, and in our study the headspace in jars was around 60%. The hermetic
storage in bags can reduce the headspace and consequently reduce the free O, (Donahaye
et al., 1991), compromising the regular growth.

The effects of AITC against F. verticillioides growth are presented in table 3. The
fumigation of 10 and 50 pL/L of AITC avoided the fungal growth after day 7, although,
only the treatment of 50 uL/L reduced the fungal population to levels below the detection
limit (0.92 CFU/g) after 150 d. Azaiez et al. (2013) evaluated the inhibitory effect of
AITC, PITC and BITC in mycelial growth of F. moniliforme CECT 2987 in doses of 10,
25 and 50 mg/disc using disc diffusion method. The authors demonstrated that AITC was
able to reduce the mycelial growth ranging from 64.1 to 88.7%. Our study corroborates
with these results, since the doses of AITC >10 puL/L could avoid Fusarium growth.

In this study, the AITC showed a dose-dependent fungicide ability, with faster
reduction in the fungal population at higher doses. Thus, the AITC may be used as natural

fumigant to avoid fungal spoilage by F. verticillioides and A. parasiticus in corn kernerls.
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Table 3

Effect of prophylactic fumigation of allyl isotiocyanate (0.5, 10 and 50 pL/L) in corn
kernels for 48 h stored in hermetically closed glass jars. Jars were opened for 1 h (Day 0)
to allow evaporation of excess of AITC and Fusarium verticillioides was inoculated at ~

5 log UFC/g. Fungal growth was followed during 180 d.

Fusarium verticillioides CECT 2987

Fungi population (Log CFU/g) (Mean= SE)

Days Control 0.5 uL/L 10 uL/L 50 uL/L

0 4.94+0.05° 4.86+0.04 4.91+0.03* 4.79+0.06
2 4.67+0.16 4.81+0.10 4.48+0.08* 2.88+0.30°
7 4.84+0.06° 5.02+0.082 3.71+0.24° 1.77+0.12¢
14 5.04+0.15° 5.14+0.18? 2.77+0.43P 0.92+0.00°
30 4.29+0.18? 4.90+0.33% 2.53+0.36° 1.3140.14¢
60 3.95+0.23? 4.82+0.34% 2.45+0.35° <0.92+0.00¢
90 3.81£0.16° 4.4940.38° 1.83+0.21° <0.92+0.00°
120 4.62+0.18? 4.38+0.37% 2.10+0.24° 1.10+0.14°
150 3.36+0.09° 3.63+0.04 1.64+0.19° <0.92+0.00P
180 3.73£0.55° 4.40+0.23° 1.98+0.39° <0.92+0.00°

Different letters show significant difference among treatments in the same row (p < 0.05).

3.2. Effects of allyl isothiocyanate on mycotoxin production
There is an increase in FB; concentration in the control and 0.5 pL/L groups during
180 d (Table 4), reaching higher concentrations than the maximum established by
European Community (2006). On the other hand, treatments of 10 pL/L and 50 pL/L
avoided FB; production during 180 d. It is possible that F. verticillioides CECT 2987
does not produce FB; during storage (data not shown). Tracz et al. (2016) evaluated the
effect of gaseous AITC on fumonisin production in corn kernels treated with 50, 100 and

500 pL/L during 30 d. The authors demonstrated that all treatments could avoid
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mycotoxin production and suggested application of lower doses of AITC should be tested.
Comparing the data from such study with ours, we conclude that AITC is effective to
avoid FBI if corn kernels are stored to up 180 d. It becomes important for long-term

storages needs.

Table 4

Production of fumonisin B1 by Fusarium verticillioides in corn kernels pre-treated with
0.5, 10 or 50 pg/LL of gaseous allyl isothiocyanate (AITC). Kernels were stored
hermetically for 180 d.

Days Treatment (WL/L)

Control 0.5 uL/L 10 uL/L 50 uL/L

Concentration of FB1 by Fusarium verticillioides CECT 2987 (ug/g)

0 1.19B2£0.10  1.05°B*+£0.20  1.04%*+025  0.93**+0.09
30 0.8342+022  0.96"B2+£0.20 0.8 +0.16 1.26% +£0.32
60 0.76%*+0.15  0.924B2+£0.25 0.9 +0.07 0.78% +0.11
90 1.818¢+0.14  0.89°+£0.21  0.92°°+0.18  0.94"°+0.19
120 1.394B2£0.10  1.86B°+0.28  0.834°+0.17 1.14¢ £0.09
150 2.32¢9+0.33  1.86%B® 030  1.14°+0.20 1.054°£0.10
180 253%2+029 19282020  0.81"°+0.10  0.82"°+0.10

Different capital letters show significant difference among days (p < 0.05). Lower case letters show
significant difference among treatments (p < 0.05).

3.3. Residual AITC results
Figure 1 shows the residual concentration of AITC after fumigation for 48 h,
ventilation for 1 h and storage during 180 d. Dose of 0.5 pL/L of AITC was not detected
in the first day of analysis (day 2). However, doses of 10 and 50 pL/L showed
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respectively, 75% and 68% of residual concentration at day 2, 6.5 and 29.1% after 14 d;
<LOD (Limit of Detection) and 25.9% after 30 d. Therefore, AITC could penetrate corn
kernels and was gradually released to levels below LOD at day 14 and 60 for treatments
of 10 and 50 puL/L, respectively. These results suggest that further protection of corn
kernels from fungal spoilage could be reached with new applications of 10 uL/L of AITC

in 14 d intervals and 50 pL/L after 60 d of fumigation.
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Figure 1

Residual allyl isothiocyanate in corn after 48 h of fumigation (0.5, 10 and 50 uL/L) (Day

0) in hermetic glass jars, 1 h of ventilation (Day 2) and 180 d of storage at 23 °C.

The validation parameters results are show in Table 5. The doses used to recovery
test were 62.5 uL/L, 125 pL/L and 250 pL of AITC/L and the mean of recovery were,
respectively, 66.8% (RSD 8.8%), 75.7% (RSD 16.4%) and 72.0% (RSD 11.5%). The
values of LOD and LOQ were 0.2 and 0.75 pL AITC/kg, respectively. The coefficient of
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linearity was 0.9995 and the matrix effect indicated low interference at the results
(110.4%).

AFs recovery test were performed out with doses of 2, 10 and 20 ng/g. The means
of recovery ranged from 70 to 102.7 % with lower recovery standard deviation (RSD).
These results suggest that the method can be used to mycotoxin recovery with higher
reproducibility. The coefficient of linearity was next to 1 in both aflatoxins calibration
curve, however the matrix effect of AFBi, AFB>, and AFG; were higher than 120 %,
therefore the quantification of samples was carried out with a matrix effect calibration
curve.

AITC is a GRAS (generally recognized as safe) compound permitted for use as a
food preservative in US, but its use is limited due to its strong odor. For this reason,
researchers have investigated the application of microencapsulation associated to low
concentrations of AITC (Ko et al.,, 2012). Corn is generally processed before
consumption, what might reduce AITC to undetectable levels. Anyway, AITC was below
LOD (0.2 pL/kg of corn) after 60 days when the most concentrated treatment (50 nL/L)
was used, and usually levels below 2 pL/kg are not perceived by the human palate
(Nielsen and Rios, 2000).

Overall, AITC residual concentration was proportional to fungicide effect. When
higher was the residual concentration, higher was the impact on the fungal population.

Consequently, 50 pL/L showed the lower FB; production.
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Table 5

Results of validation method parameters for detection and quantification of allyl

isothiocyanate, AFB1, AFB,, AFGi, AFG;, FBiand FB; in corn kernels.

Conc )
(ng/g)? Matrix LOD Recovery RSD
Standard in Effect LOQ
(LL/L)" (ng g) (%0) (%)
(%)
62.5° 66.8 8.8
AITC 125° 0.9995 110.4 0.2¢ 0.75¢ 75.7 16.4
250° 72 11.5
22 74 3.4
AFB; 10¢ 0.9993 140.3 70 2.1
50% 89.1 8.1
22 77.6 53
AFB> 10® 0.9998 200.4 78.9 3.3
50% 81.1 12.5
2 78.5 3.5
AFG 10% 0.9986 117.8 72.3 2.3
50% 75.9 5.4
22 102.7 8.6
AFG» 10? 0.9997 169.7 96.9 2.1
50% 95.2 3.6
100
FB 200 0.9932 94.5
300
100
FB> 200 0.9938 92.9
300

Conc: concentration spiked in corn kernels; Lin : liniarity; M.E : matrix effect; LOD : limit of detection; LOQ : limit of quantification;

M.R: % mean of recovery; RSD: recovery standard deviation; a : ng of mycotoxin/g; b : pL of AITC/L; ¢ : pL of AITC/kg
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4. Conclusions

The use of gaseous AITC at 10 and 50 pL/L inhibited the F. verticillioides and
FB; production. Moreover, 50 pL/L reduced the population of A. parasiticus to
undetectable levels in corn kernels after 150 d. AITC was absorbed by corn and gradually
released. Residual levels of AITC could extend product shelf-life and improve its safety.
Reapplication of 10 and 50 uL/L could be necessary after 14 d and 60 d, respectively, to
confer further protection to grains against mold contamination. These results suggest that
AITC is a potential fumigant agent that can be used in silos or packages to avoid fungal
deterioration and mycotoxins production in corn kernels. Future studies should apply
fungal contaminations at different time points of storage to verify the effectiveness of

residual concentration of AITC.
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CAPITULO 3

CONSIDERACOES FINAIS

O uso de AITC gasoso a 10 e 50 pL/L inibiu o crescimento de F. verticillioides
e a producdo de FBi. Além disso, 50 uL/L evitou o crescimento de 4. parasiticus em
graos de milho apds 180 dias. O efeito residual da AITC demonstrou que a reaplicacao
de 10 e 50 uL/L apos 14 e 60 dias, respectivamente, pode ser necessaria para evitar novas
contaminagdes fungica e estender a vida de prateleira do milho. Esses resultados sugerem
que o AITC pode ser utilizado como agente fumigante em silos ou embalagens, para evitar
a deterioracdo fungica e a producdo de micotoxinas em graos de milho.

Para estudos futuros, sugere-se a contaminagao fungica em diferentes tempos de
armazenamento para verificar a eficacia da concentragdo residual de AITC. Da mesma
forma, sugere-se avaliar a reaplicacdo de 10 e 50 puL/L de AITC em 14 e 60 dias de
intervalos, respectivamente, para evitar contaminagdes por A. parasiticus e F.
verticillioides. Além disso, o experimento pode ser realizado com diferentes graos, como
o trigo, o feijdo, o arroz e a soja, os quais permanecem estocados por longos periodos de

tempo, permitindo a deterioracao por fungos micotoxigénicos.

33



ANEXO 1

‘ FOOD MICROBIOLOGY

ISSN: 0740-0020

GUIDE FOR AUTHORS

INTRODUCTION

Types of article

Original research papers for Food Microbiology should be written in English and
normally not exceed 6000 words. Short research notes describing interesting but limited
studies are welcome, but the same rigorous review process will be applied. Short research
notes will not normally exceed 3500 words. Short reviews on matters of immediate
interest and longer, definitive reviews will be published; authors should discuss proposed
topics with the Editor before preparing a manuscript. Book reviews and letters to the

editor are welcome.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for

more details.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

¢ E-mail address

o Full postal address

34



All necessary files have been uploaded:

Manuscript:

¢ Include keywords

o All figures (include relevant captions)

o All tables (including titles, description, footnotes)

« Ensure all figure and table citations in the text match the files provided

e Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

¢ Manuscript has been 'spell checked' and 'grammar checked'

e All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources
(including thelnternet)

 Relevant declarations of interest have been made

e Journal policies detailed in this guide have been reviewed

o Referee suggestions and contact details provided, based on journal requirements

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required
to typeset your article for final publication. All correspondence, including notification of

the Editor's decision and requests for revision, is sent by e-mail.

Authors must provide and use an email address unique to themselves and not shared with

another author registered in EES, or a department.

Additional information
Nomenclature and Descriptions of Organisms
The correct name of the organism must be used, conforming with international rules of

nomenclature: synonyms may be added in brackets when the name is first mentioned.

Names of bacteria must conform with the current Bacteriological Code of Botanical
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Nomenclature. The species name should be underlined in the typescript and written in
full at first mention, but subsequently the name of the genus may be abbreviated, single
letter abbreviations being used where they are not ambiguous. To facilitate further studies
the journal supports the view that important strains should be deposited in a recognized

culture collection.

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. In
particular, do not use the word processor's options to justify text or to hyphenate words.
However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if
you are using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the

section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

'erammar-check' functions of your word processor.

Other than the cover page, every page of the manuscript, including the title page,
references, tables etc. should be numbered; however, in the text no reference should be

made to page numbers.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on

its own separate line.
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Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of
the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at

their first mention in the abstract itself.

The abstract should not exceed 200 words.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
editable file in the online submission system. Please use 'Highlights' in the file name and
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

You can view example Highlights on our information site.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations

and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion or Results and Discussion section.
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Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

. Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. Present
the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lowercase superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.
. Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail
address is given and that contact details are kept up to date by the corresponding
author.

. Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which the
author actually did the work must be retained as the main, affiliation address. Superscript

Arabic numerals are used for such footnotes.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the

field may be eligible. These keywords will be used for indexing purposes.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the
article. The list of compounds will be used to extract relevant information from the NCBI
PubChem Compound database and display it next to the online version of the article on
ScienceDirect. You can include up to 10 names of chemical compounds in the article. For
each compound, please provide the PubChem CID of the most relevant record as in the
following example: Glutamic acid (PubChem CID:611). Please position the list of
compounds immediately below the 'Keywords' section. It is strongly recommended to

follow the exact text formatting as in the example below:
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Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164);
Benzalkonium chloride (PubChem CID: 15865) More information.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of

abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,

providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
XXXX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and

the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that

provided the funding.
If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
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Units

Follow internationally accepted rules and conventions: use the international system of

units (SI). If other units are mentioned, please give their equivalent in SI.

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of
units (SI). If other quantities are mentioned, give their equivalent in SI. You are urged to

consult [IUPAC: Nomenclature of Organic Chemistry for further information.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference

list.

Artwork

Electronic artwork General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, oruse fonts that look similar.

o Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

o Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are

given here. Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,

Excel) then please supply 'as is' in the native document format.
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Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following formats
(note the resolution requirements for line drawings, halftones, and line/halftone

combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or

grayscale), keep to a minimum of 500 dpi.
Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these
typically have alow number of pixels and limited set of colors;
 Supply files that are too low in resolution;

o Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color online (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed
version. For color reproduction in print, you will receive information regarding the
costs from Elsevier after receipt of your accepted article. Please indicate your
preference for color: in print or online only. Further information on the preparation of

electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description
of the illustration. Keep text in the illustrations themselves to a minimum but explain all

symbols and abbreviations used.
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Tables

Please submit tables as editable text and not as images. Tables can be placed either next
to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using

vertical rules.

Appropriate indications of replication and variability should be included.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation

of a reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles, publication
year and pagination may prevent link creation. When copying references, please be

careful as they may already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and
full citation details are not yet known, but the article is available online. A DOI is
guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the

Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
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http://dx.doi.org/10.1029/2001JB0008841. Please note the format of such citations should

be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in

the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. This

identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that support
Citation Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using
the word processor plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and
bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations

as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by

clicking the following link:

http://open.mendeley.com/use-citation-style/food-microbiology
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When preparing your manuscript, you will then be able to select this style using the

Mendeley plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article
by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage
for the author to correct. If you do wish to format the references yourself they should be

arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of
publication. Citations may be made directly (or parenthetically). Groups of references
should be listed first alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer

et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same

year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci.

Commun. 163, 51-59.

Reference to a book:
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Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New Y ork.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc.,
New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed

13.03.03).

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, vl1.

http://dx.doi.org/10.17632/ xwj98nb39r.1.
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