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RESUMO

A cevada (Hordeum vulgare L sp. vulgare) é considerada um dos
cereais mais importantes no contexto mundial. Atualmente, uma
preocupacdo latente da industria cervejeira é o crescimento de fungos
filamentosos nos grdos, que acorre devido ao manejo inadequado da
matéria prima durante 0 armazenamento (excesso de umidade), a
condensacdo, 0 aquecimento, 0 vazamento de &gua da chuva e a
infestacdo por insetos. Tendo isso em vista e considerando que a cevada
€ um dos cereais mais comercializados no mundo, o objetivo desse
trabalho foi investigar a presenca de fungos toxigénicos e micotoxinas
nos graos, avaliar a qualidade da cerveja artesanal produzida no Sul do
Brasil, bem como determinar a eficiéncia do gas ozonio da destruicdo
dos principais fungos encontrados na cevada. Adicionalmente, as
caracteristicas quimicas e microestruturais de 5 cultivares de cevada
cervejeira recomendados para cultivo no Brasil foram avaliados. As
cervejas artesanais apresentaram contaminagdo por deoxynivalenol
(DON) em aproximadamente 32% das amostras analisadas e
contaminagdo por Fumonisina B; em 15.08% das amostras. Os gréos de
cevada cervejeira utilizados na pesquisa apresentar amimportantes
espécies fungicas (Fusarium, Alternaria, Rhysopus e Penicilllum),sendo
Fusarium o género mais predominante. No que diz respeito a
contaminagdo por DON, a variedade BRS Brau apresentou maior
contaminacdo, representando 50% das amostras desse cultivar. As
fumonisinas foram encontradas, contudo, em poucas amostras e baixos
niveis. No estudo realizado com Oz como agente descontaminante, a
espécie mais suscetivel ao gas foi F. poae, seguida pelo F.
gramineraum. E necessario mencionar que a germinacao dos gréos apos
0s tratamentos com o O3z ndo foi afetada. Finalmente, no estudo de
andlise quimica e microestrutural da cevada cervejeira, o cultivar BRS
Brau apresentou caracteristicas de melhor qualidade para a cevada em
comparagdo com 0s outros, destacando, elevado teor de amido, com
mais presenca de granulos tipo-A e baixas quantidades de proteina.

Palavras-chave: cerveja artesanal, cevada, fungos, micotoxinas,
seguranca, variedades






ABSTRACT

Barley (Hordeum vulgare L sp. vulgare) is considered one of the most
important cereals in the global context. Currently, a latent concern of the
brewing industry is the growth of filamentous fungi in grains, due to the
improper manipulation of raw material during storage (excess of
moisture), condensation, heating and infestation by insects. Regarding it
and considering that barley is one of the most cereals comercialize din
the world, the aim of this study was to investigate the presence of
toxigenic fungi and mycotoxins in grains, evaluate the quality of craft
beer produced in southern Brazil, and to determine the ozone gas
efficiency of the destruction of some fungi found in barley. In addition,
chemical and microstructural of 5 barley cultivars recommended for
cultivation in Brazil were evaluated. The craft beers showed levels of
deoxynivalenol (DON) in approximately 32% of the samples, and
contamination with Fumonisin B; in 15.8% of samples. The malting
barley grains used in the research presented important fungal species
(Fusarium, Alternaria, Rhysopus and Penicilllum) being Fusarium the
most predominant genus. Concerning DON, the Brau variety showed
more contamination, representing 50% of the samples. Fumonisins have
been found, however, in a few samples and low levels. In the study of
O3 as decontamination agent, the most susceptible species to the gas was
F. poae, followed by F gramineraum. It is necessary to mention that the
grain germination after treatment with O; was not affected. Finally,
chemical and microstructural analysis study of the brewing barley
genotypes, BRS Brau showed better quality characteristics compared to
the others, emphasizing high starch, with more presence of A-type
starch granules, and low amounts of protein.

Keywords: craft beer, barley, fungi, mycotoxins, safety varieties
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INTRODUCAO

A cevada (Hordeum vulgareLsp.vulgare) é considerada um dos
cereais mais importantesno contexto mundial. Para se ter uma ideia de
sua relevancia,somente no ano de 2012 apresentou uma producéo global
estimada em141,7 milhdes de toneladas cultivadas em 50 milhGes de
hectares (USDA, 2014). E um cereal de inverno que ocupa a quinta
posicdo em ordem de importancia econémica no mundo. No Brasil, a
producdo de cevada € concentrada no sul, destacando o estado do
Paran(181,6 mil/t/ano) como principal produtor, seguido do Rio
Grande do Sul(173,6 mil/t/ano) e Santa Catarina (6,1mil/t) (BRASIL,
2014).

O gréao é utilizado na producgdo e industrializacdo de bebidas
(cerveja e destilados), na composicdo de farinhas para panificacdo, na
producdo de medicamentos e na formulacdo de produtos dietéticos e de
sucedaneos de café. A cevada é ainda empregada em alimentacdo
animal como forragem verde e na fabricacdo de racdo. Vale ressaltar
que, no Brasil, a malteacdo é o principal uso econdmico da cevada, ja
que o pais produz apenas 30% da demanda da inddstria cervejeira
(BRASIL, 2013).

Atualmente, uma preocupacao latente da inddstria cervejeira é o
crescimento de fungos filamentosos nos gréos, que acorre devido ao
manejo inadequado da matéria prima durante 0 armazenamento (excesso
de umidade), a condensagdo, 0 aquecimento, o vazamento de 4gua da
chuva e a infestacdo por insetos. Nos periodos de pré-colheita, no
transporte e armazenamento dos gréos,as condigdes climaticas também
sdo consideradas muito importantes na formagéo de fungos.

O crescimento flngico pode levar a perda de substancias
nutritivas e resultar na contaminacdo por substancias tdxicas,
denominadas micotoxinas. Asmicotoxinas sdo metabdlitos secundarios
de baixa massa molecular, produzidas pelos fungos filamentosos,
principalmente os dos géneros Aspergillus, Penicillium, Fusarium, e sdo
formadas por uma série de compostos de diferentes toxicidades.

Entre as micotoxinas mais comumente encontradas em graos de
cevada, destacam-se o deoxinivalenol (DON) e zearalenona (ZON), os
quais sdo produzidos especialmente por F. graminearume as
fumonisinas (FBs: FB; e FB,) por F. verticillioides e F. proliferatum.

De um modo geral, o principal problema causado pelas
micotoxinas é o potencial carcinogénico e mutagénico, que é transferido
a partir de gréos para alimentos processados. Os efeitos séo tardios e
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ocorrem devido a ingestdo continua de baixas doses de um alimento
contaminado. Por esse motivo, a presenca das micotoxinas nos
alimentos é monitorada constantemente.

Nesse contexto, em 2011, a Agéncia Nacional de Vigilancia
Sanitaria propds uma nova legislacdo para limites maximos toleraveis
(LMT) para micotoxinas em grdos de cevada (1750 pg/kg para DON)
(BRASIL, 2011). O limite sera reduzido ao longo dos anos para permitir
gue os produtores de grdos possam adaptar-se a legislacdo sem causar
escassez do alimento. Em janeiro de 2017, os limites de DON para
cevada malteada serdo fixados a niveis de 750 ug/kg (BRASIL, 2013).
Logo o mercado produtor tem urgéncia na prevencdo e eliminacdo
desses contaminantes.

Tendo em vista 0s aspectos supracitados, hoje sdo utilizados
alguns métodos quimicos de descontaminagdo, como o tratamento com
gés ozbnio, que é reconhecido como seguro (GRAS - generally
recognized as safe) por ndo deixar residuos. Esse tratamento vem sendo
estudado para melhorar a qualidade dos alimentos, bem como para
evitar perdas quantitativas para a industria.

Considerando que a cevada é um dos cereais mais
comercializados no mundo e a fim de conhecer se a qualidade da cevada
produzida no Brasil est& de acordo com o esperado pela nova legislagéo,
este trabalho visa realizar levantamentos para investigar a presenca de
fungos toxigénicos e micotoxinas, principalmente na regido Sul, a maior
produtora do pais.
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OBJETIVOS

Geral

Avaliar a seguranca de grdos de cevada cervejeira relacionado a
fungos e micotoxinas e a eficiéncia do tratamento com gas 0z6nio como
agente descontaminante.

Especificos

Avaliar a presenca de fungos toxigénicos e de micotoxinas
(DON e FBs) em grdos de cevada cervejeira.

Determinar a eficiéncia do g&s ozbnio na destruicdo de
fungos(F. graminearum, F. verticilioides, F. poae, F. oxyporum
e F.semitectum).

Avaliar a germinacdo dos grdos ap0s tratamento com gas
ozonio.

Avaliar a seguranca da cerveja artesanal (Santa Catarina) no
gue diz respeito as micotoxinas DON e FB;.

Analisar as caracteristicas microestruturais de 5 cultivares de
cevada cervejeira por meio de Microscopia Eletronica de
Varredura (MEV) e a composi¢cdo quimica(proteinas, pB-
glucanas, amido, umidade, cinzas) e correlaciona-las com a
qualidade do malte a ser produzido.
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CAPITULO 1
REVISAO BIBLIOGRAFICA
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1. REVISAO BIBLIOGRAFICA
1.1 CEVADA
1.1.1 Cevada cervejeira

Mesmo com a possibilidade da malteacdo de varios cereais
como, sorgo, trigo e milho, tradicionalmente, a cevada é o grdo mais
utilizado para a produgdo de malte para cerveja, devido a producéo de
enzimas de forma equilibrada e a utilizacdo da sua casca no processo de
filtracdo do mosto. (POELHMAN, 1985; HOSENEY, 1994).

As caracteristicas composicionais desejaveis da cevada
cervejeira, de duas ou de seis fileiras, sdo: alto contedo de amido
(61%), baixo teor de proteinas (<11,5%) e B-glucanas (3,3-4,5%).
Destes compostos depende, em grande parte, a eficiéncia da maltagem e
do processamento da cerveja (BOHATCH, 1994; HOUGH, 1990). Além
disso, fatores como clima e manejo também sdo determinantes para a
producdo de cevada com padrdo adequado para malteacdo, destacando
principalmente o poder germinativo, tamanho do gréo e a sanidade dos
gréos.

No Brasil, os locais produtores de cevada para fins cervejeiros
estdoconcentradosprincipalmente em regides dos trés estados da regido
sul do Brasil (Rio Grande do Sul, Santa Catarina e Parana) (Figural),
devido ao clima propicio que essa regido apresenta para o cultivo.
Levando isso em consideracdo, é necessario que os produtores sigam as
indicagBes técnicas da comissdo de pesquisa de cevada, no que diz
respeito as praticas de manejo da cultura para obtencdo de um produto
com a qualidade necessaria.
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181,6mil/ton/an
6,1 mil/ton/ano

173.6 mil/ton/ano

Figura 1. Producéo de cevada cervejeira no Brasil no ano de 2012

1.1.2 Caracteristicas do grao

A cevada é considerada um cereal de inverno a qual pertence ao
género Hordeum. A espécie economicamente mais importante e que
deve ser destacada é a Hordeum vulgare L. (FOSTER et al., 2007).A
planta pode chegar a at¢ 1 metro de altura (GONCALVES, 2002;
MAYER, 2007), e o grdo pode medir de 8 & 14 milimetros de
comprimento, 1,5 a 4,5 milimetros de largura, peso de mil graos médio
de 35¢g e formado alongado (KENT, 1987).

Estruturalmente, a cevada é composta de uma cariopside, ou
seja, uma semente formada por casca, pericarpo, camada de aleurona,
gérmen e endosperma, conforme pode ser observado na Figura 1 (VAN
DEN BOOM et al., 2006; FULCHER; IRVING; DE FRANCISCO,
1989). A casca e 0 pericarpo sdo a parte exterior da semente e
apresentam funcdo protetora contra contaminacdo por fungos e insetos e
ainda regulam a absorcdo de agua durante a germinacdo (MCENTYRE
et al., 1998). S&o ricos em fibra alimentar, vitaminas do complexo B e
minerais (OSCARSON et al., 1996). Como a casca é utilizada como
coadjuvante de filtragdo no processo de fabricacdo da cerveja
(HOSENEY, 1994), a cevada nua ndo € recomendada para fins
cervejeiros (KENT, 1987).
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O gérmen esté localizado na ligacdo terminal da caridpside, no
lado dorsal do gro. E rico em sais minerais e vitaminas do complexo B
(RAMUSSON, 1985).

O endosperma que consiste basicamente em amido embebido
em uma matriz proteica, é a principal reserva de nutrientes do gréo
(HOSENEY, 1991), além de pequenas quantidades de minerais e
vitaminas (ANDERSON; SMITH; GUSTAFSON, 1994).Devido a sua
riqueza em polissacaridios, o endosperma da cevada tem grande
importancia na industria cervejeira porque proporciona os substratos
necessarios para a conversdao de aglcares em alcool no processo de
fermentacdo da cerveja (MACGREGOR; FINCHER,1993; BRENNAN
etal., 1997).

Na regido periférica do endosperma encontra-se a camada de
aleurona, que € constituida por células de tamanho pequeno, ricas em
proteina, acido fitico, fosforo e niacina (GALLANT et al.,199) e isentas
de granulos de amido (HOUGH,1990). Essa estrutura juntamente com o
embrido controlam os processos fisiolégicos relacionados com a
producdo e liberagdo de enzimas (a-amilase, B-glucanase e endo-
protease), bem como o grau de hidrolise das paredes celulares do
endosperma durante a germinagdo (PALMER, 1999; BRENNAN et al.,
1996; DUFFUS; COCHRANE, 1993).A camada de aleurona localizada
nas duas ou trés camadas mais externas do grdo é composta por uma
parede celular grossa a qual é formada por arabinoxilana (85%),
celulose (8%) e proteina (6%) (KENT,1987).

Com base em um corte longitudinal e transversal de um grédo de
cevada (Figura 2), é possivel observar o embrido, que esta situado na
parte arredondada ou dorsal do grdo. Separando o embrido do
endosperma, encontra-se uma estrutura denominada escutelo, que tem
funcdo secretora, permitindo a liberacdo de enzimas hidroliticas do
embrido ao endosperma amilaceo (HOUGH, 1990).
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Pericarpo

Nicleos
Depositos de niacina Camada de aleurona
Parede celular

Corpos protéicos

Camada de sub-aleurona
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Matriz
protéica

Escutelo Endosperma

Nicleos

Cristais
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Corpos
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1.1.3 Composic¢ao quimica da cevada

A maior fonte de energia do grdo de cevada sdo os carboidratos, as
quais representam cerca de 80% do peso seco do grdo e estdo
localizados principalmente no endosperma (MACGREGOR; FINCHER,
1993). O maior componente da cevada é o amido, seguido pelas fibras
alimentares e pelas proteinas. Outros constituintes como agucares
(frutose, sacarose e glucose) também fazem parte da composicdo do
grdo (MACGREGOR; FINCHER, 1993).

A composicdo quimica da cevada cervejeira varia entre cultivares
e depende de diversos fatores externos (PALMER, 1989; AMAN;
NEWMAN, 1986; OSCARSSON et al., 1995). O clima seco, por
exemplo, aumenta os teores de proteinas, B-glucanas e dureza do gréo
(MUNCK, 1991).

Na Tabela 1 podem ser observados valores médios no que se
refere a composigdo quimica da cevada cervejeira de acordo com alguns
autores (AMAN; NEWMAN (1986), PALMER (1989), OSCARSSON
et al.,(1995)).

Tabela 1. Composigdo quimica média do grdo de cevada cervejeira (% base
seca) de acordo com diferentes autores

Aman; Pal

Componente Newman amer, Oscarsson et

' 1989 al., 1995

1986

Amido 53,0-61,0 65,0 49,4 - 63,1
Proteina 12,0-17,0 10,0 9,3-15,5
Lipidios 2,1-3,7 3,5 21-31
Fibra alimentar 18,0 -23,0 - 18,1-27,5
B-glucanas - 3,0-4,5 38-79
Cinzas 23-40 - 19-24

1.1.3.1 Amido

O amido é o polissacarideo que se encontra em maior propor¢ao
no grdo de cevada. Estd armazenado no endosperma em forma de duas
populacdes de granulos e que se apresentam embebidos huma matriz de
proteina. Os grénulos grandes, Tipo A (15-25um), constituem 90% do
peso do amido no gréo, enguanto os pequenos ou Tipo B (2-5 um)
constituem os 10% restantes (BRENNAN et al., 1996; PALMER, 1989;
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TANG et al.,2000). O tamanho, distribuicdo e proporcdo dos granulos
tipo A e tipo B dentro do endosperma podem estar relacionados com a
origem genética (TANG et al., 2000).

O amido € constituido basicamente por dois tipos de polimeros
a-D-glucose: a amilose de cadeia linear e ligagdes a-(1—>4) e a
amilopectina de cadeia ramificada com ligagdes o-(1—4) e a-(1—6).
Estes polimeros sdo degradados principalmente por duas enzimas
amiloliticas, a-amilase e B-amilase. A a-amilase cliva as ligagbes o-
(1—4) dos dois polimeros, enquanto que a B-amilase degrada os finais
redutores do amido, liberando maltose (GEORG-KRAEMER et al.,
2001; HOSENEY, 1994). Estas enzimas chamadas também de enzimas
do sistema diastasico tém grande importancia na fermentacdo da
cerveja, pois hidrolisam o amido em agUcares fermentesciveis (GEORG-
KRAEMER et al., 2001).

1.1.3.2 Proteina

A maior concentragdo (10-12%) de proteinas da cevada
encontra-se no endosperma na forma de uma matriz protéica
(MACGREGOR; FINCHER, 1993) cuja quantidade e consisténcia
variam dependendo das condi¢gBes ambientais e de cultivo. Como
exemplo, o uso de fertilizantes nitrogenados de forma incorreta pode
aumentar o teor de proteinas do grdo, chegando a niveis maiores que
12% (Embrapa, 2014). Valores acima disso, sdo indesejados pela
indUstria cervejeira, pois prolongam o processo de malteacdo do gréo e
consequentemente levam a producgdo de cervejas com baixa estabilidade
(HOUGH, 1990; BERTHOLDSSON, 1999; HOWARD et al., 1996;
EAGLES et al., 1995).

De acordo com Newman e McGuire (1985), as proteinas da
cevada podem ser classificadas de acordo com a solubilidade. As
albuminas que sdo hidrosoltveis e as globulinas que sdo sollveis em
solucbes salinas diluidas, sdo proteinas fisiologicamente ativas
(enzimas) e estdo localizadas na camada de aleurona e no germe. As
proteinas de reserva sdo constituidas pelas glutelinas (solGveis em
acidos e bases diluidas) e as prolaminas ou hordeinas (sollveis em
alcool 70%). Este Ultimo grupo encontra-se formando a matriz protéica
do endosperma da cevada (SHEWRY, 1993; HOWARD et al., 1996).
Com excecdo da aveia, as prolaminas procedentes da cevada, do trigo e
do centeio sdo responsaveis pela intolerancia produzida em individuos
com doenga celiaca (LIBARDONI, 2001).
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As hordeinas compreendem uma mistura de peptideos que
podem ser divididos em quatro fracGes: B, C, y e D (SHEWRY, 1993).
A fragdo D (elevado peso molecular), por formar géis, exerce maior
influéncia sobre a qualidade do malte apesar de corresponder a menos
de 5% do total da fracdo protéica do grdo (HOWARD et al. 1996;
ECHART-ALMEIDA; CAVALLI-MOLINA, 2000).

Como todos os cereais, a cevada apresenta baixos niveis do
aminoacido lisina, e também de treonina e metionina (HOSENEY,
1994). As proteinas de reserva caracterizam-se por conter altos niveis de
glutamina e prolina (SHEWRY, 1993).

1.1.3.3 B-glucanas

As B-glucanas ((1,3)(1,4)-B-glucanas) séo polimeros de glicose
de estrutura linear, unidos por ligacGes glicosidicas -(1,4) e B-(1,3).
Estdo localizadas principalmente nas paredes celulares da aveia e da
cevada, sobretudo na camada de aleurona e sub-aleurona, em uma
concentracdo de 4-5,5% e 3,8-7,9% respectivamente (de FRANCISCO;
de SA, 2001; OSCARSSON et al., 1995). Caracterizam-se por serem
sollveis em agua e bases diluidas e pela tendéncia em formar géis. Estas
propriedades fisicas de viscosidade e solubilidade variam de acordo com
sua estrutura e seu peso molecular (de FRANCISCO; de SA, 2001).

A enzima responsavel pela hidrélise das B-glucanas € a endo-p-
(1,3)(1,4)-glucanase, que se desenvolve durante a germinacdo da cevada
(AASTRUP; ERDAL, 1980). De acordo com Knuckles e Chiu (1999),
a atividade da B-glucanase varia levemente entre cultivares. Esta enzima
cliva as ligacGes -(1,4) das B-glucanas, ao mesmo tempo em que libera
oligossacarideos. A degradacdo destes componentes facilita a migracéo
e acdo das enzimas proteoliticas e amiloliticas no endosperma durante a
maltagem (de FRANCISCO; de SA, 2001).

O tamanho do gréo e a espessura das paredes celulares parecem
estar relacionados com o contetido de B-glucanas. Quanto mais espessas
maior o teor de B-glucanas e, portanto, maior o tamanho da semente
(ELFVERSON,1999). As variacBes encontradas entre cultivares sdo o
resultado das diferencas genéticas e ambientais. Esta propriedade pode
ser aproveitada por malteadores na escolha de cevadas destinadas para
maltagem (ELFVERSSON et al., 1999; ANDERSSON et al., 1999).

As B-glucanas sdo 0s principais componentes responsaveis pela
demora no processo de filtracdo e pela turvagéo da cerveja (AASTRUP;
ERDAL.1980). Além destes compostos, as arabinoxilanas, devido ao
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seu alto grau de ligagdo com as B-glucanas, também ocasionam
problemas de turvacdo (HAN, 2000). As arabinoxilanas estdo
localizadas na casca e nas paredes celulares da camada de aleurona da
cevada em uma concentracéo de 4-11% (OSCARSSON et al., 1995).

1.2 PARAMETROS DE QUALIDADE DO MALTE

A qualidade do malte esta associada principalmente a
composicdo do grdo, a germinacdo e a producdo de enzimas que
degradam o amido, a proteina e os constituintes celulares do
endosperma (MUNCK, 1991).

Industrialmente, as caracteristicas fisicas dos grdos sdo as
primeiras a serem avaliadas. Os malteadores procuram grdos grandes
com pouca casca visando diminuir as perdas devido ao baixo teor de
amido presente (PALMER, 1989; ELFVERSON, et al., 1999).

A avaliacdo do Peso de Mil Sementes (PMS) pode dar uma
ideia da qualidade das sementes, assim como de seu estado de
maturidade e sanidade (BRASIL, 1992). Este parametro fisico e a
classificacdo permitem avaliar de forma subjetiva a composicao quimica
do grdo. Cultivares com alto PMS tendem dar maior rendimento e
apresentam altos teores de amido.

Além disso, ha uma correlagdo negativa entre o teor de fibras
alimentares e a qualidade da cevada para producéo de cerveja. Durante
a maltagem, as B-glucanas sdo degradadas pelas B-glucanases, de
aproximadamente 3,8-7,9% (OSCARSSON et al., 1995) para 0,2-1,0%
(PALMER, 1989). Se as B-glucanas ndo forem hidrolisadas totalmente,
podem impedir a passagem das outras enzimas da porcdo frontal a
porcdo distal dos grdos produzindo uma modificagdo irregular do
endosperma (PALMER, 1989; PALMER, 1999, BRENNAN et al.,
1997). Isto reduz o rendimento do mosto e pode resultar em possivel
turvacdo da cerveja, assim como num processamento menos eficiente
com a obstrucdo dos filtros (AASTRUP; ERDAL, 1980; BAMFORTH;
BARCLAY, 1993; MACGREGOR; FINCHER, 1993).

No que se refere as caracteristicas quimicas, dois componentes
influenciam na qualidade da cevada cervejeira de maneira acentuada:
proteinas e fibras. A distribuicdo das proteinas no endosperma dos
grdos em geral é importante para diferentes processos, por exemplo,
para moagem, panificacdo, maltagem e fermentacdo para producdo de
cerveja. Muito pouco se conhece sobre a localizacéo e distribuicdo das
diferentes fragcGes protéicas dentro dos grdos. Para maltagem, a
gualidade da cevada estd negativamente correlacionada com a
guantidade total de hordeinas, e também é afetada pela composicdo das
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mesmas. A distribuicdo das hordeinas afeta a porcentagem de
modificacdo (ou mudancas na textura) do endosperma dos grdos da
cevada e a uniformidade desta modificacdo no lote (PALMER, 1999;
AASTRUP; ERDAL, 1980; AASTRUP et al., 1981). Por produzir
enzimas equilibradamente, a cevada é o cereal de preferéncia para
producdo de malte (PALMER, 1989; BAMFORTH, 1983; HOSENEY,
1994) e a qualidade deste estd positivamente correlacionada com a
guantidade e atividade das enzimas hidroliticas: amilases, B-glucanases
e proteinases.

A eficiéncia da modificacdo depende de varios fatores, que nao
estdo totalmente elucidados. Dentre estes € possivel destacar a
distribuicdo da umidade através do endosperma, taxa de sintese de
enzimas hidroliticas, liberacdo destas enzimas dentro do endosperma e a
estrutura do endosperma que determina resisténcia a modifica¢do
(BAMFORTH; BARCLAY, 1993).

Os métodos recomendados para avaliar a qualidade do malte,
geralmente, ndo detectam eficientemente a falta de homogeneidade da
degradacdo da proteina e das B-glucanas, sendo estes compostos 0s
principais responsaveis pelos problemas associados & preparacdo da
cerveja (PALMER, 2000). Portanto, a fim de garantir uma excelente
qualidade do malte cervejeiro, fatores como variedade, viabilidade
(nimero de sementes vivas), composicdo (amido, nitrogénio, pB-
glucanas), umidade, tamanho do grdo e poder germinativo devem ser
levados em consideracdo (PROUDLOVE et al., 1990).

No Brasil, a cevada cervejeira € avaliada com relacdo a 14
caracteristicas do malte (poder diastasico, teor de proteinas, extrato,
viscosidade, umidade, entre outros) e 10 caracteristicas da planta
como: poder germinativo, tamanho do grdo, textura do endosperma,
etc. (ECHART-ALMEIDA; CAVALLI-MOLINA, 2001). Embora
estes parametros assumam grande importancia na qualidade do
malte, muitas vezes ndo garantem que a cevada esteja de acordo para
0 processo de fabricacdo da cerveja (PALMER, 2000).Além disso, é
possivel combinar os parametros supracitados com o estudo da
microestrutura do gréo.

1.3 PRODUCAO DE CERVEJAS

A partir de uma escolha adequada do malte, o processo seguinte,
gue é a fabricacdo da cerveja, torna-se viavel e consequentemente
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podera resultar em um produto de qualidade, com grande aceitabilidade
por parte dos consumidores.

Nessa secdo, serdo descritas as etapas principais da produgédo
tradicional da cerveja, a qual se caracteriza por oito operacGes
essenciais: moagem do malte, mosturacdo ou tratamento enzimatico do
mosto, filtragdo do mosto, fervura do mosto, tratamento do mosto,
fermentagdo, maturacdo e finalmente clarificacdo. Figura 3. (PRIEST,;
STEWART 2006; VENTURINI FILHO, 2010).

1.3.1 Moagem do malte

A etapa de moagem do malte tem influencia direta sobre a
rapidez das transformagdes fisico-quimicas, o rendimento, a clarificacio
e a qualidade do produto final (STEWART; RUSSELL, 1998). O
objetivo é a reducdo do grdo de malte de modo uniforme para obter:
rompimento da casca no sentido longitudinal, expondo dessa forma o
endosperma, porcdo interna do grdo, a desintegracdo total do
endosperma, promovendo uma melhor atuacdo enzimética e a produgdo
minima de farinha com granulometria muito fina, evitando a formacéo
de substancias que produzam uma quantidade excessiva de pasta dentro
da solucgdo. (BRIGGS et al., 2004; VENTURINI FILHO, 2010).

1.3.2 Mosturagéo

A mistura do malte moido juntamente com &gua em
temperatura controlada, de acordo com um programa previamente
estabelecido, tem como objetivo solubilizar as substancias do malte
diretamente sol(veis em agua e, com auxilio das enzimas, solubilizar as
substancias insollveis, promovendo a gomificacdo e posterior hidrélise
do amido a agucares. (VENTURINI FILHO, 2010).

Nesse sentido, deve-se considerar que todo 0 processo
enzimatico depende da temperatura, do tempo, do grau de acidez e
concentracdo do meio, qualidade do malte e constituicdo do produto da
moagem. A escolha do tipo de maturacdo ou programa de
tempo/temperatura a ser aplicado durante a atuacdo oenzimatica vai
depender da composicdo e do tipo de cerveja desejado, agregando, por
exemplo, conhecimentos do quanto de aglcares fermentes civeis deseja-
se ou do quanto de substancias protéicas de alto peso molecular almeja-
se pra o corpo da cerveja e consisténcia da espuma. A acao das enzimas
produz um mosto que contem de 70-80% de carboidratos
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fermentesciveis, incluindo glicose, maltose e maltotriose. (VENTURINI
FILHO, 2010). ]

O malte moido é misturado com &gua a 35 C na proporcao de
1:4. A operacdo é conduzida em tanques de aco inoxidavel provido de
agitadores, aquecimento, controladores e indicadores de temperatura e
isolamento térmico. (VENTURINI FILHO, 2010).

Ao final da mosturacdo em 72°C é realizado o teste com
solucdo de iodo 0,2N a fim de verificar a sacarificagdo do malte. Apos a
confirmacdo da completa hidrolise do amido, pela auséncia da coloracdo
roxo-azulada, caracteristica da reagdo do iodo com o amido (em
temperatura ambiente), a solugdo e aquecida ate 76°C com o objetivo de
inativar as enzimas presentes. (VENTURINI FILHO, 2010; ASBC,
1996).

1.3.3 Filtracao do mosto

A filtracdo do mosto é realizada em um recipiente denominado
tina de filtragdo, construido em ago inoxidavel contendo agitador, disco
filtrante, bomba centrifuga e isolamento térmico. Nesse etapa a casca do
malte serve como camada filtrante. Apds essa operacdo, a camada
filtrante é lavada com uma quantidade de agua a 75°C, visando
aumentar a extracdo do aclcar e consequentemente, elevar o rendimento
do processo. (BRIGGS et al., 2004; VENTURINI FILHO, 2010).

1.3.4 Fervura

Na etapa seguinte com o acrescimento do ldpulo, o mosto é
filtrado e submetido a fervura, visando a inativacdo de enzimas,
esterilizacdo do mosto, coagulacdo protéica, extracdo de compostos
amargos e aromaticos do lupulo, formacdo de substancias constituintes
do aroma e sabor, evaporacdo de agua excedente e de componentes
aromaticos indesejaveis ao produto final. Quando ha a utilizacdo de
adjuntos na forma de acglcar (xarope ou cristalizado), este deve ser
acrescentado nesta etapa. O mosto € mantido em fervura até atingir a
concentracdo desejada de agUcar para o inicio da fermentacéo,
correspondendo a uma média de 60 a 90 min. (KUNZE, 1996;
VENTURINI FILHO, 2010).
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1.3.5 Tratamento do mosto

Apos a fervura do mosto, 0 mesmo deve passar por etapas de
retirada do precipitado, resfriamento e posterior aeragdo. Durante a
primeira etapa, utilizado forcas centripedas por meio de rotacdo forcada
do meio, precipitam-se os complexos de proteina, resinas e taninos
denominados de trub, os quais sedimentam no fundo do tanque, sendo
separados do mosto limpido. Posterior a retirada do trub, o mosto ¢
resfriado até temperatura de fermentacdo. (VENTURINI FILHO,
2010).

1.3.6 Fermentacgdo

O processo fermentativo consiste no ponto central para a
producdo de qualquer bebida alcodlica, possuindo como principal
objetivo a conversdo de agucares em etanol e gas carbbnico pela
levedura, sob condi¢Ges anaerébicas. (VENTURINI FILHO, 2010;
MUNROE, 1994).

Todos os carboidratos fermentesciveis (maltose, maltotriose,
glicose etc) sdo metabolizados pela levedura alcodlica. As leveduras
produzem os compostos de aroma e sabor da cerveja como subprodutos
de seu metabolismo, a qual os teores desses compostos variam com 0s
padrbes de crescimento celular que sdo influenciados pelas condicfes de
processo. Com isso, a influéncia das condigBes de fermentacéo, tais
como concentracdo e composicdo do mosto, temperatura e tracdo do
processo fermentativo sobre as caracteristicas organolépticas
(PICKERELL etal., 1991).

Os mostos obtidos apenas a partir do malte contem como fonte
de carbono os seguintesagucares: glicose, frutose, sacarose, maltose e
maltotriose, além de dextrinas.

1.3.7 Maturacéo

A maturacdo (fermentacdo secundéaria) € necessaria e
importante, mas relativamente, poucas mudancas ocorrem durante este
estagio. Entretanto, no processo tradicional de fabricacdo de cerveja, a
fermentacdo secundaria transcorre durante um longo tempo chegando a
algumas semanas e até mesmo alguns meses para determinados tipos de
cerveja.Os principais compostos formados na maturagdo sdo o diacetil
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(que também é formado como subproduto na fermentacao principal) e a
pentanodiona. (MARTINS, 1991).

Durante o periodo de maturacdo sdo formados ésteres (acetato
de etila e acetado de amila) responsaveis pelo aroma e sabor que
caracterizam a cerveja. (VENTURINI FILHO, 2010).

1.3.8 Clarificagéo

Ap0s a maturacdo, a cerveja contém leveduras, particulas coloidais
dos complexos proteinas-polifenois e outras substancias insollveis
formadas, devido ao baixo pH existente e as baixas temperaturas
utilizadas durante essa etapa. Portanto, para se obter um produto
brilhante e limpido é necessaria uma etapa de clarificacdo, prévia ao
engarrafamento da cerveja, que permita remover esse material insolUvel.

Existem quatro técnicas bésicas de clarificacdo que podem ser
utilizadas tanto individualmente, como em combinacdo: sedimentagédo
por gravidade, uso de agentes clarificantes, centrifugagéo e filtracdo.
(VENTURINI FILHO, 2010).
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1.4 PRINCIPAIS CONTAMINANTES DA CEVADA
1.4.1 Pragas e insetos

As pragas de campo mais comuns na cultura de cevada sdo 0s
pulgdes e as lagartas, as quais podem reduzir a producdo de gréos, se
nao controladas adequadamente.

As espécies de pulgdes mais encontradas em cevada sdo o
Metopolophium dirhodum, Schizaphis graminum, Sitobion
avenae e Rhopalosiphum padi (Hem., Aphididae). Estes causam danos
diretos, que sdo caracterizados pela succdo da seiva da planta, o que
pode reduzir o nimero de grdos por espiga, o tamanho do gréo, o peso
dos graos e o poder germinativo das sementes. Além desses danos, 0s
pulgdes podem ser vetores de virus, principalmente do Barley Yellow
Dwarf Virus (BYDV), também conhecido por Virus do Nanismo
Amarelo da Cevada (VNAC). (BRASIL, 2014).

As lagartas que sdo outro problema comumente encontrado.
Atacam a cultura a partir do més de setembro podendo se prolongar até
a maturacdo. As espécies de maior preocupacdo sdo a Pseudaletia
sequax e P. adultera (Lep. Noctuidae).(BRASIL, 2014).

Outra praga que tém ocorrido e causado danos econdmicos em
algumas areas sdo os cords. Sdo conhecidos como larvas de solo e
possuem habitos alimentares e potencial de danos diferentes. As
espécies-praga mais comumente encontradas sdo o coro-das-pastagens
(Diloboderus abderus) e o cord-do-trigo (Phyllophaga triticophaga).
Em geral, a infestacdo de cords ocorre em manchas na lavoura e varia
muito de um ano para outro pois ha a mortalidade natural, provocada
por inimigos naturais, principalmente entomopatdgenos, e por condicdes
extremas de umidade do solo. Sistemas de rotacdo de culturas e de
manejo de residuos que reduzam a disponibilidade de palha no periodo
de oviposicdo desfavorecem a espécie D. abderus. (BRASIL, 2014).

1.4.2  Fungos

Fungos, também denominados mofos ou bolores, sao
microrganismos eucari6ticos, multicelulares e filamentosos. E de
conhecimento secular que a atividade de fungos ocasionaalteragdes no
sabor e na qualidade dos alimentos. Algumas destas alteragdes séo
desejaveis, como na fabricacdo de queijos. Contudo, em muitos casos,
os fungos podem causar transformacGes indesejaveis nos alimentos, que
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sdo caracterizados em diferentes graus de deterioracdo (MAZIERO;
BERSOT, 2010).

A infeccdo por fungos em sementes e grdos pode ocorrer em
diversos estagios da cadeia alimentar; inicia-se no campo e continua
durante a maturacdo, colheita, secagem, armazenamento, transporte e
processamento, inclusive na armazenagem do produto ja transformado.
Ainda, é importante ressaltar que fungos sdo encontrados distribuidos no
ar e no solo, com capacidade de contaminar e de se desenvolver em
qualquer substrato que apresente condicdes favoraveis (SCUSSEL,
2002).

Os fungos sdo os principais responsaveis pela deterioracdo em
partes de plantas, grdos e sementes ap6s a colheita; sdo conhecidos
como causadores de aquecimento em gréos e levam a perda do poder
germinativo, descoloracdo, reducdo do valor nutricional, bem como a
alteragdes no sabor e odor. A sua agdo, mesmo quando ainda invisivel,
leva a grandes perdas na armazenagem e somente em um estagio mais
avancado de deterioracdo é possivel observar o prejuizo causado por
eles (SCUSSEL, 2002).

Ha uma variedade de fungos de campo, contudo 0s mais
representativos  sdo:  Alternaria, Cladosporium, Fusarium e
Helmintosporium. Sdo chamados de fungos de campo, pois invadem as
sementes e grdos antes da colheita, enquanto as plantas estdo ainda em
crescimento. A microbiota fangica é variavel em funcdo da espécie
vegetal, localizagdo geogréfica e condicfes climaticas. Os fungos de
armazenagem compreendem cerca de 10 a 15 grupos de espécies de
Aspergillus (dos quais somente cinco ou seis sdo conhecidos como de
deterioragcdo) e vérias espécies de Penicillium.Algumas espécies de
Penicillium sdo fungos de campo e outras sdo de armazenagem.
Encontram-se em grande nimero no ar, poeira, solo e nos residuos de
grédos e se desenvolvem tdo logo estejam em condi¢des adequadas de
umidade e temperatura (SCUSSEL, 2002).

Além das espécies de fungos deteriorantes, 0s quais sdo
considerados indicadores da qualidade de sementes e grdos
armazenados, existem outra classe de fungos (também de campo ou de
armazenagem) muito importantes por causarem danos & saude, sdo os
fungos micotoxigénicos. Alguns géneros de fungos de campo
(principalmente  Fusarium) e de armazenagem (Aspergillus e
Penicillium) podem produzir toxinas, denominadas genericamente de
micotoxinas. Estes fungos, mesmo quando seu desenvolvimento nédo é
acentuado, podem produzir estes compostos. Ainda, diferentes espécies
de fungos podem produzir um mesmo tipo de micotoxina, como
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também, uma Unica espécie de fungo pode produzir mais de um tipo de
toxina (SCUSSEL, 2002; MAZIERO; BERSOT, 2010).

1.4.3 Micotoxinas

Para que ocorra a proliferacdo fungica e a consequente
producdo de micotoxinas, sdo necessarias condicdes favoraveis de
diversos fatores, tais como, umidade, temperatura, pH, composicdo
guimica do alimento e potencial redox. A presenca do fungo no
alimento ndo implica, obrigatoriamente, em producdo de micotoxina,
assim como, a toxina pode estar presente no alimento mesmo na
auséncia do fungo. Isso se deve, porque a maioria das micotoxinas sdo
termoestaveis, resistindo a determinados tratamentos térmicos ou
processos de desidratacdo que sdo suficientes para destruir o micélio
vegetativo dos fungos que as produziram (MAZIERO; BERSOT, 2010).

As micotoxinas sdo metabdlitos secundarios produzidos por
uma grande variedade de espécies de fungos que causam as perdas
nutricionais e representam um risco significativo para a cadeia
alimentar. Plantas de cereais podem ser contaminadas por micotoxinas
de duas maneiras: fungos que crescem como patégenos em vegetais ou
em vegetais durante o periodo de armazenagem. Portanto, os cereais
contaminados podem representar uma fonte direta de exposi¢cdo humana,
pelo seu consumo direto, ou uma fonte indireta através do consumo de
produtos derivados de animais (rim, figado, leite e ovos) alimentados
com ragdo contaminada (DUARTE; PENA; LINO,2010;
MANKEVICIENE et al., 2011).

A ingestdo de alimentos que contenham micotoxinas pode
causar graves efeitos sobre a salde animal e humana. Tais efeitos sdo
conhecidos como micotoxicoses, cuja gravidade depende da toxicidade
da micotoxina, grau de exposicdo, idade e estado nutricional do
individuo, e dos possiveis efeitos sinérgicos de outros agentes quimicos
aos quais estd exposto. Muitas destas toxinas tém afinidade por
determinado 6rgdo ou tecido, sendo o figado, o0s rins e o sistema nervoso
freqlientemente os mais atingidos (MAZIERO;BERSOT, 2010).

Em geral, as micotoxinas sdo categorizadas por espécies de
fungos, estrutura e/ou modo de agdo. Deve-se notar, no entanto, que
uma Unica espécie de fungo pode produzir uma ou varias micotoxinas e
cada micotoxina isolada pode ser produzida por diferentes espécies de
fungos. Por exemplo, as aflatoxinas (AFLs) sdo produzidas por varias
espécies de fungos, tém indmeras variagGes estruturais, e tém diferentes
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modos de acdo dependendo do animal-alvo (HUSSEIN; BRASEL,
2001).

Alimentos humanos podem ser contaminados com micotoxinas
em diferentes fases da cadeia alimentar e os géneros de fungos
micotoxigénicos mais importantes correspondem a Fusarium,
Penicillium, Aspergillus, Alternaria, Claviceps e Stachybotrys (ZAIN,
2011).

A Food and Agriculture Organisation of the United Nation
(FAO) estima que pelo menos 25 % dos grdos de cereais do mundo
estdo contaminados por micotoxinas. Estas micotoxinas, por sua vez,
podem causar prejuizos econdmicos por diversos fatores, tais como
perdas diretas de produtos agricolas, mortalidade de animais, doencas
em humanos, diminuicdo da produtividade agricola e pecuaria, custos
indiretos de sistemas de controle, rejeicdo ou desvalorizagéo de produtos
pelo mercado, queda na exportacdo e aumento da importacdo, entre
outros (SCUSSEL, 2002; LIU; GAO; YU, 2006).

1.4.3.1 Micotoxinas produzidas por fungos de campo
1.4.3.1.1  Deoxinivalenol

E uma micotoxina do tipo B dos tricotecenos produzidas por F.
graminearum,F. culmorum e F. avenaceum, entre outras espécies.
Ambas espécies precisam de temperaturas Otimas para crescimento
(25°C e 21°C) e isso provavelmente afeta a distribuicdo geogréfica. Esta
toxina é resistente ao processo de moagem e aquecimento e, por isso,
entra na cadeia alimentar de animais e humanos diretamente. E uma das
micotoxinas consideradas mais importantes dos cereais, e Sdo
encontradas em todo o mundo como contaminantes de trigo, cevada,
aveia, arroz, centeio e milho (MOSS, 2002).

Os principais efeitos toxigénicos de DON quando em doses
baixas sdo diminuicdo de crescimento e anorexia, enquanto doses
elevadas induzem vOmitos, efeitos imunotoxicos e mudancas
neuroquimicas no cérebro (WIINANDS; VAN LEUSDEN, 2000).
Efeitos toxicos em animais tem sido bem documentados e focalizam
principalmente o sistema imunoldgico e o trato gastrointestinal. Doses
agudas sdo caracterizadas por efeitos como diarréia, vomito, leucocitose,
hemorragia, choque circulatorio, podendo levar a morte. As doses
crbnicas sdo caracterizadas por recusa alimentar, reducdo do ganho de
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peso e na absorcdo de nutrientes, além de alteragdes neuroenddcrinas e
imunoldgicas (LARSEN et al., 2004; PESTKA; SMOLINSKI, 2005).
Entre os animais, os suinos sdo mais sensiveis ao DON do que
aves, ratos e ruminantes, em parte por causa de suas diferencas no
metabolismo, sendo o0s machos mais sensiveis que as fémeas
(DIEKMAN; GREEN, 1992; ROTTER;PRELUSKY ;PESTKA, 1996).

1.431.2 Toxina T2

Pertence ao tipo A dos tricotecenos produzidos por F.
sporotrichioides, F. poae, F. equiseti, F. Acuminatum e F. langsethiae
(CREPPY, 2002; RABIE et al., 1986). Estes fungos estdo associados
aos cereais tanto no campo, quanto apos a colheita, no armazenamento
dos grdos (ERIKSEN, 2003; LARSEN et al, 2004). O F.
sporotrichioides, por exemplo, cresce a temperatura de 2-35°C e com
alta atividade de agua (CREPPY, 2002). A temperatura 6tima para a
ocorréncia de T-2 é relativamente baixa (8-14°C) (RABIE et al., 1986),
esta toxina é geralmente encontrada em varias culturas de cereais, tais
como trigo, milho, cevada, arroz, aveia e centeio (SCF, 2000).

Alimentos contaminados com T-2 podem causar efeitos graves
na
salde humana e dos animais, podendo levar até a morte (HOLT et al.,
1988; MOSS, 2002). Sinais gerais de toxicidade incluem nauseas,
vomitos, tonturas, calafrios, dor abdominal, diarréia, perda de peso,
necrose dérmica, aborto, inibicdo da sintese de proteinas, sendo tdxicos
para os sistemas hematolégico e linfatico, produzindo imunossupressao.
Danos no figado e pulmdes, além de alteragdes proliferativas do epitélio
do esbfago e estbmago em roedores também sdo relatados (MOSS,
2002; OMURTAG; YAZICIOGLU, 2001; PACIN et al., 1994).

1.4.3.1.3 Fumonisinas

As FBs sdo produzidas por diversas espécies do género
Fusarium, especialmente por F. verticillioides, F. proliferatum, F.
nygamai, além de Alternaria alternata. Estes fungos tem distribuicdo
mundial, sendo considerados importantes patdgenos de cereais em todas
as fases de desenvolvimento, incluindo periodo de pés-colheita, durante
armazenamento (DIAZ; BOERMANS, 1994). A FB; é a mais abundante
e toxica, representando 70% de contaminacdo total de alimentos
naturalmente contaminados (MALLMAN et al., 2001).
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As FBs séo responsaveis pela leucoencefaloméacia em equinos e
coelhos, edema pulmonar e hidrotérax em suinos, efeitos hepatotdxicos,
carcinogénicos e apoptose no figado de ratos (POZZI et al., 2001). FBs
sdo inibidoras especificas da ceramida sintase e seus efeitos tdxicos
podem estar relacionados com sua capacidade em romper metabolismo
de fosfolipidios, resultando em uma grande quantidade de problemas na
regulacdo e comunicacdo celular. A International Association on
Research of Cancer (IARC) classificou FBs e seus metabdlitos como
compostos de possivel carcinogenicidade em humanos (IARC, 1993).

1.4.3.1.4  Zearalenona

A ZON ¢ a micotoxina estrogénica mais estudada, & membro
deum grande e variado grupo de compostos (estrogénicos) de
estrutura semelhante e com propriedades farmacolégicas. E ndo
esteroidal e altamente termoestavel, produzida por cepasde varias
espécies do género Fusarium, incluindo F. culmorum, F. equiseti, F.
graminearum, e F. moniliforme. Tal como acontece com outras
micotoxinas, apenas algumas cepas de certas espécies podem produzir
ZON (ALLDRICK; HAJSELOVA, 2004). Estd associada
principalmente com culturas de cereais e seus subprodutos. Ainda que
esta é considerada uma micotoxina de campo, ha evidéncias de que esta
micotoxina também possa ser produzida emgrdos ja colhidos
(ALLDRICK; HAJSELOVA, 2004; ZINEDINE et al., 2007a).

ZON tem uma baixa toxicidade aguda oral, sendo que em
termos de toxicidade subaguda ou subcrénica, os efeitos da ZON
parecem refletir sua capacidade de se ligar aos receptores de estrogénio,
levando a alteragBes no trato reprodutivo e umavariedade de sintomas,
incluindo: diminuicdo da fertilidade, aumento da reabsorcéo embrioletal
e reducdo da ninhada em animais, para humanos sdo poucos os dados
disponiveis. A IARC concluiu que havia evidéncia limitada para avaliar
a capacidade carcinogénica de ZON (IARC, 1993). Contudo, a Scientific
Committee on Food (SCF) da Unido Européia observou a ocorréncia de
tumores em estudos clinicos devido as caracteristicas estrogénicas da
micotoxina (ALLDRICK; HAJSELOVA, 2004; SCF, 2000; ZINEDINE
et al.,, 2007a). Na Tabela 2. estdo apresentados as estruturas quimicas
das micotoxinas de campo.
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Tabela 2. Estrutura quimica das micotoxinas de campo
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Micotoxina Estruturas quimicas

Fungo

Condic0es favoraveis

Orgaos alvos
toxicidade

Micotoxinas de campo

CHy
T-2 s
o [cooH)
[L - _~COOH]
o R2
e e e S S
[« ] [ [
CH, O CH, R NH,
FBs &y
HOOC ooy
Fumonisina B R1=0H; R2=OH: R3= OH:
Fumonisina B RI=0OH: R2=OH H:
Fumonisina B; RI=H: R2= OH: R3= OH:
Fumonisina B, Rl=H:R2= OH;R3= H;
OH O CH,
O

HO

F. graminearum

F. graminearum
F. poae

F. verticillioides

F. culmorume F.

graminearum

Temp.: 25°C
Aw: 0.88-0.99

Temp.: 25°C

Aw: 0.88-0.99

Temp.: 25°C
Aw: 0.90 -0.99

Temp.: 25°C
Aw: 0.88 -0.99

Figado (vomitoxina).

Sistemas
hematoldgico e
linfatico.

Sistema nervoso,
causam neoplasias.

Diminuicdo do
potencial reprodutivo,
infertilidade.
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Na tabela 3 sdo apresentados dados de ocorréncia mundial de micotoxinas em cevada.

Tabela 3. Ocorréncia mundial das principais micotoxinas encontradas em gréos de cevada.

Pais Frequéncia (%) Mine Max. (ug/kg) Meédia (ug/kg) Referéncias
Fumonisinas
Brasil 72.5% 50.30 — 908.47 - Batatinha et al., 2007
Aflatoxinas B1
Republica Tcheca 4.9% 0.13 0.39 Benesova et al., 2012
Ocratoxina A
Republica Tcheca 39% 0.001 0.0544 Belakova et al., 2011
Deoxinivalenol
Pol6nia 100% 0.025 - Krysinska-Traczyk et al., 2007
Lituania 96.4% Tr—-372 - Mankeviciené et al., 2007
Uruguai 54% 500 - 10.000 - Pan et al., 2007
Noruega 17,2% 1440 - Langseth et al., 1999
Etiopia 48,8% 40 - Ayalew et al., 2006
Canada 58% 980 - Lombaert et al., 2003
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1.5 LEGISLACAO NACIONAL E INTERNACIONAL
1.5.1 Fungos

No que diz respeito aos pardmetros microbioldgicos relativos a
contagem padrdo em placa, ndo ha uma resolucdo nacional que
estabeleca um limite maximo para fungos em cereais como 0s graos de
cevada. Entretanto, a presenca de fungos neste alimento, especialmente
fungos toxigénicos podem ser indicativos de deterioracdo e
contaminacdo por micotoxinas.

Dependendo do tipo de processamento realizado com a cevada,
a contagem padrdo de fungos e leveduras pode ser bastante
diversificada, pois seu desenvolvimento ird depender do tipo de
substrato e das condi¢Bes ambientais.

1.5.2 Micotoxinas

Os niveis m&ximos de micotoxinas previstos pela legislacdo
brasileira foram estabelecidos devido aos efeitos graves que essas
substancias podem causar aos seres humanos e animais.

As micotoxinas mais encontradas em alimentos e que possuem
limites maximos preconizados sdo as aflatoxinas (My, By, By, Gy, Gy),
Ocratoxina A, Deoxinivalenol, Fumonisinas (B; e B,), zearalenona e
patulina.

Desde o0 ano de 2012 os limites maximos tolerdveis das
principais micotoxinas tem sido estabelecidos. Contudo, esses limites
serdo reduzidos e aindistria e os produtores de graos deverdo se adequar
as novasnormas semgque ocorra escassez dos produtos.

Na Tabela 4 sdo apresentados os limites tolerados das
micotoxinas que podem ser encontradas nos graos de cevada, bem como
em outros alimentos.
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Tabela 4. Limites para micotoxinas em cevada malteada e outros produtos

MICOTOXINA  ALIMENTO

LMT (ug/kg)

Aplicacédo (desde 2012)

Deoxinivalenol

Trigo integral, trigo para quibe, farinha
de trigo intearal, farelo de trigo
Farinha de trigo, massas, crackers,
biscoitos de agua e sal, produtos de
panificacdo, cereais e produtos de
cereais, exceto trigo e incluindo
cevada malteada

2000

1750

Zearalenona

Farinha de trigo, massas, crackers e
produtos de panificacdo, cereais e
produtos de cereais exceto trigo e
incluindo cevada malteada

200

Aplicacéo (a partir de 2014)

Deoxinivalenol

Trigo integral, trigo para quibe, farinha
de trigo integral, farelo de trigo, farelo
de arroz, gréo de cevada

Farinha de trigo, massas, crackers,
biscoitos de &gua e sal, produtos de
panificacéo, cereais e produtos de
cereais, exceto trigo e incluindo
cevada malteada

1500

1250

Ocratoxina A

Cereais para posterior processamento,
incluindo gréo de cevada

20

Aplicacéo (a partir de 2016)

Deoxinivalenol

Trigo integral, trigo para quibe, farinha
de trigo integral, farelo de trigo, farelo
de arroz, gréo de cevada

Farinha de trigo, massas, crackers,
biscoitos de &gua e sal, produtos de
panificacdo, cereais e produtos de
cereais, exceto trigo e incluindo cevada
malteada

1000

750

Zearalenona

Farinha de trigo, massas, crackers e
produtos de panificacéo, cereais e
produtos de cereaisexcetotrigo e
incluindo cevada malteada.

100
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Fonte: Anvisa, 2011

No que diz respeito a legislacdo internacional para micotoxinas
em cevada, os valores estabelecidos, estdo demonstrados na Tabela 5.

Tabela 5. Limites na legislacdo internacional para micotoxinas em cevada

MICOTOXINA PAIS ALIMENTO LMT
China Cevada 1000
Deoxinivalenol ~piz0 Europeia Cevada 1750
RUssia Cevada 1000
Toxina T-2 RUssia Cevada 100
Ocratoxina A RUssia Cevada 5

Fonte: EU, 2006; RU, 2001; CN, 2011.

Vale ressaltar que, ainda ndo existem limites maximos toleraveis
para FBs em grdos de cevada,bem como DON e FBs em cerveja na
legislacdo brasileira e internacional. Tal fato demonstra a necessidade de
novos estudos e monitoramento dessas micotoxinas, tendo em vista
principalmente a qualidade dos produtos e a satde do consumidor.

1.6 GAS 0zONIO

O o0zobnio é um al6tropo triatdmico (O3) composto por trés atomos de
oxigénio que se formam quando as moléculas de oxigénio se rompem
devido a radiagdo ultravioleta e os atomos separados combinam-se
individualmente com outras moléculas de oxigénio. Devido a maior
estabilidade do oxigénio, a molécula de Oz sofre um processo de
dissociacao espontanea com o tempo resultando novamente na formacéo
do oxigénio (LANGLAIS; RECKHOW;BRINK, 1991). A
decomposicdo ndo resulta em espécies nocivas ja que 0 mesmo €
espontaneamente convertido em O,. Por ser instavel, requer que ele seja
produzido no seu local de aplicacdo reduzindo assim gastos e perigos
relacionados como seu transporte e estocagem (ARMOR, 1999;
TATAPUDI; FENTON, 1994).

A producdo comercial do ozbnio é realizada pelo processo de
descarga elétrica, também chamado de corona (USEPA, 1999). Este
processo é constituido por dois eletrodos submetidos a uma elevada
diferenca de potencial (aproximadamente 1000 V). O oz6nio é gerado
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pela passagem de ar ou oxigénio puro entre os dois eletrodos. Quando os
elétrons possuem energia suficiente para dissociar a molécula de Oy,
comegam a ocorrer colisdes, que causam a dissociacdo do O, e a
consequente formacgdo do Os; (CULLEN et al.,, 2009;USEPA, 1999)
(Figura 4).

CALOR

e 0

m— ELETRODO DE ALTA VOLTAGEM

CORONA :
ca () 0)— —0 \DIELETRICO
GAP DE DESCARGA

W— ELETRODO TERRA

P

CALOR
Figura 4. Gerador de o0z6nio tipo descarga corona. Adaptado de Usepa (1999).

O O3 é um poderoso agente oxidante e desinfetante (GUZEL-
SEYDIM; GREENE; SEYDIM, 2004; KEELS et al, 2001;
MCKENZIE et al., 1998; MENDEZ et al., 2003) capaz de participar de
um grande nimero de reagdes com compostos organicos e inorganicos
(ALMEIDA; ASSALIN; ROSA, 2004; KUNZ; PERALTA-ZAMORA,
2002). Pode reagir com a maioria dos compostos contendo ligagdes
duplas, como C=C, C=N, N=N, etc., mas ndo com grupos funcionais
contendo ligacdes simples, como C-C, C-O, O-H, etc (ALMEIDA,
ASSALIN; ROSA, 2004; GOGATE; PANDIT, 2004). O gas O; é um
poderoso germicida, empregado em engenharia sanitaria para a
desinfeccdo da agua potadvel e na remocdo de sabores e odores
indesejaveis. Também é um gas oxidante, que tem inimeras aplicacdes
na industria alimenticia pelas vantagens que apresenta nas técnicas de
preservacao.

O3 foi reconhecido como seguro em 1997, sendo que em 26 de
junho de 2001, o FDA publicou uma determinacdo oficial sobre a
utilizacdo do Oz admissivel como um agente antimicrobiano para o
tratamento, armazenamento e processamento de alimentos em gas e uma
fase aquosa em contato direto com os alimentos, incluindo as matérias-
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primas, além de frutas e hortalicas minimamente processadas (GUZEL-
SEYDIM; GREENE; SEYDIM, 2004). O O3 ja se mostrou eficaz contra
um amplo espectro de micro-organismos, incluindo bactérias (KIM;
YOUSEF, 2000; SHARMA et al., 2002; XU, 1999), fungos (PALOU et
al., 2002; PEREZ et al., 1999) virus e protozoarios (CULLEN et al.,
2009; KHADRE; YOUSEF; KIM, 2001; RESTAINO et al., 1995).
Além disso, também tem potencial para matar pragas de armazenagem
(KELLS et al., 2001; MENDEZ et al., 2003), degradar micotoxinas
(CULLEN et al., 2009), pesticidas e residuos quimicos (HWANG;
CASH; ZABIK, 2001; ONG et al., 1996).

Na industria alimenticia, o tratamento com o0zénio vem sendo
estudado com o intuito de melhorar a qualidade e evitar perdas
guantitativas, devido a deterioracdo dos alimentos por fungos. O
tratamento com gas ozonio tem demonstrado eficiéncia em reduzir
contaminagdo por AFB; em figos secos (ZORLUGENC et al., 2008)e
patulina em sucos de maca (CATALDO, 2008). Pode desempenhar
importante papel na qualidade de castanhas-do-Brasil, ja que tem sido
efetivo em inibir o crescimento fungico e reduzir a contaminacdo por
AFLs (SCUSSEL et al., 2011). Na Tabela 6 estdo descritas as aplicaces
de O; para inibicdo de fungos em diferentes alimentos.
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Tabela 6. Aplicacdes de 0zbnio para inibicdo de fungos em diferentes alimentos.

Cevada 11e26 15 24 e 36% Fusarium KOTTAPALLI; WOLF-HALL; SCHWARZ, !
Cevada 0.16 5 96% contagem total ALLEN; WU; DOAN, 2003

Castanha do Brasil 31 300 100% contagem total GIORDANO et al., 2010

Castanha do Brasil 10 90 100% contagem total SCUSSEL et al., 2011

Figo 13.8 15 100% contagem total ZORLUGENG et al., 2008

Figo 5e10 180 e 300 72% contagem total  OZTEKIN; ZORLUGENGC; KIROGLU, 2006

Trigo 0.33 5 96% esporos WU; DOAN; CUENCA, 2006
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A efichicia do Oz depende de varios fatores, incluindo a
concentracdo de O aplicada, as caracteristicas de cada alimento e os
fatores ambientais em que se encontram (temperatura e umidade). O
excesso do ozbnio é auto-decomposto rapidamente produzindo O, e
assim ndo resta residuo no alimento (NAITO; TAKAHARA, 2006).
Esse gas demonstra ser uma alternativa potencial que oferece vantagens
para melhorar a qualidade e a producdo dos alimentos.
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QUALIDADE E OCORRENCIA DE DEOXINIVALENOL E
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deoxynivalenol and fumonisins in craft beer. Food Control. 50, 925-
929, 2015.

ABSTRACT

Beer is an alcoholic beverage consumed on a regular basis by many
people around the world. Consequently, beer quality and, specifically,
its impact on the future health of the consumer must be considered
seriously. Oneissueis the action of mycotoxins and their impact on the
beverage. In this sense, the objective of the present study was to
determine the occurrence of Deoxynivalenol (DON) and Fumonisin B,
(FB,) in many artisanal beers from southernBrazil and, additionally, to
evaluate their physico-chemical properties.

The methods applied for physic-chemical characteristics were from the
AOAC and Adolfo Lutz Institute. The analyses for mycotoxins were
conducted using high performance liquid chromatography with
fluorescence detection for fumonisin B; and ultraviolet detection for
deoxynivalenol. The physic-chemical results were in agreement with
some studies and with Brazilian regulations. DON and FB; were present
in 32 and 15.09 % of the samples, respectively. The concentrations
found in craft beer from southern Brazil were probably caused by the
widespread and high occurrence of these toxins in barley. Furthermore,
the level of mycotoxins seem to be very stable during the brewing
process.

Keywords: craft beer, mycotoxins, quality, barley

1 INTRODUCTION

Beer is an alcoholic beverage consumed on a regular basis by
many people around the world. In Brazil, for instance, the average beer
consumption recorded in 2008 was around 57 | per inhabitant
(SINDICERV, 2014). Nowadays, consumptionof craft beer has
increased due to the different types available. Together with being
smaller scale and independent, the main characteristic of the craft
breweries is to put the emphasis on the flavor and brewing techniques
(OLIVEIRA, 2011). Craft beer is a non-filtered and unpasteurized
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product that maintains unaltered sensorial characteristics. When
compared to industrial beers, craft beer is more subject to microbial
contamination which may result in spoilage (turbidity, acidification and
the production of undesired aromatic compounds) (GIOVENZANA et
al., 2014).

Moreover, due to the absence of pasteurization and
microfiltration in craft beer brewing, the need is much greater for
quality measurements during the entire process and not only in finished
beer. Monitoring must be performed on raw materials and at individual
process stages. This also differs from industrial beers (BAMFORTH
2003).

Beer quality is extremely important as problems with this may
result in future diseases in the consumer population. In this sense, it is
possible to highlight the action of mycotoxins and their impact on the
beverage.

All mycotoxins are naturally occurring secondary metabolites
of filamentous fungi and they can be produced in a large range of
agricultural commodities, (BERTUZZI et al., 2011) mainly associated
with cereal crops, in particular corn, wheat, barley, rye, rice and oats
(OSMURTAG et al., 2006; GOYARTS et al., 2007).

As beer production requires the use of barley grains and these
may have been exposed to mycotoxins, a number of studies have been
carried out to detect these in commercially available beers (SCOTT,
1996; KAWASHIMA et al.,, 2007; BENESOVA et al., 2012). In
summary, results showed that the deoxynivalenol (DON), nivalenol, T-
2, HT-2, diacetoxyscirpenol, zearalenone, aflatoxins, ochratoxin A, and
fumonisins have been detected in beers at trace (ppb) levels.

DON, known colloquially as “vomitoxin” (CANADY et al.,
2001), is one of the mycotoxins most found in barley and it is produced
mainly by Fusarium graminearum (PETSKA, 2007). The exposure of
DON in human and animal bodies through ingestion of contaminated
food can cause acute and chronic effects such as immunosuppression,
neurotoxicity, embryotoxicity and teratogenicity (PESTKA, 2007;
ROTTER; PRELUSKY; PESTKA, 1996; WIINANDS; VAN
LEUSDEN, 2000).

Furthermore, another important problem found concerning
DON presence in beer is “gushing”, i.e. excessive foaming and
overflowing on opening a bottle. This has been reported frequently in
the last few years and can seriously damage the beer quality and the
reputation of the brewery.
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Another relevant mycotoxin group that can be found in barley
and, consequently, in beer are the FBs (FB; and FB,). These are
produced by a number of Fusarium species, notably F.verticillioides, F.
proliferatum, F. anthophilum, F. nygamai as well as Alternia alternata f.
sp. lycopersici (BENNETT, 2003). F. verticillioides produces several
mycotoxins however, the most prominent is fumonisin B; (FBy)
(CIACCI-ZANELLA, 1998).This mycotoxin can be introduced in beer,
either from contaminated input materials or from adjuncts added during
the brewing process. Generally, corn starch and corn syrup are among
the adjuncts alternatively used for beer production (HLYWKA, 1999).

With respect to the mycotoxins produced by Fusarium, it is
possible to say that they are produced mainly in the field, although some
toxin synthesis may occur during storage, or also, in the case of beer,
they can increase during the germination of the barley during the
malting and brewing process of the beer (PIETRI et al., 2010; BEATTIE
et al., 1998; LANCOVA et al., 2008;WOLF-HALL, 2007). Basically,
the temperature and moisture conditions are crucial factors and thereby
affect the fungal infection and toxin synthesis (DOYLE, 1997).

In 2012, the Brazilian regulations proposed a maximum
tolerable level (MTL) of 1750 pg/kg for DON in malted barley grains.
The limit will be decreased over time to allow grain producers and the
industry to adapt to the legislation without causing a shortage of barley.
As of January 2017, DON limits for malted barley will be set at 750
pg/kg (BRASIL, 2011; BRASIL, 2013).

Currently, the limit fixed by the Commission of the European
Communities for DON is equal to 1750 pg/kg for cereals and sub
products (EUROPEAN COMMISSION, 2006). It is important to
emphasize that there is no specific legislation for fumonisins neither in
barley nor for the mycotoxins detected in beer around the world.
Furthermore, to our knowledge no research study has examined
mycotoxins in craft beer in Brazil or internationally.

For the reasons stated above, the aim of the present study was to
determine the occurrence of DON and FB; in craft beers from southern
Brazil and their quality, regarding the physic-chemical characteristics.

2 MATERIALS AND METHODS
2.1 MATERIALS

2.1.1 Samples
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In the first months of 2014, 53 craft beer samples (one bottle
each), consisting of 14 different brands, were collected in breweries and
local stores in southern Brazil and kept under refrigeration at 7° and in
the dark until analysis. The samples consisted of 25 ale beers and 28
lager beers.

2.1.2 Chemicals and Standards

For physical and chemical analyses, sodium hydroxide and
phenolphthalein analar grade were obtained from Biotec (Pinhais, PR,
Brazil). For HPLC analyses, acetonitrile, methanol and acetic acid were
obtained from Vetec (Duque de Caxias, RJ, Brazil), all of which were
LC grade. Sodium hydroxide was from Biotec (Pinhais, PR, Brazil) and
OPA reagent (40 mg o-ftaldialdehyde in 1 ml ethanol diluted with 5ml
0.1 M borate buffer and 50 ul 2-mercaptoethanol) was from Sigma
Aldrich Chemicals (St. Louis, MO, USA). High- purity Milli-Q water
(18.2 MQ/cm) was obtained from the Millipore Synergy system (MA,
USA). The standards, DON and FB;, were obtained from Sigma Aldrich
Chemicals (St. Louis, MO, USA). A stock solution of DON was
prepared by dissolving 1 mg in DON in 1 ml of acetonitrile. The
standard curve solutions were prepared from appropriate dilutions of the
stock solutions (200 pg/ml) with Mili-Q water (0.15 to 15 pg/ml). A
stock solution of FB; was prepared by dissolving 1 mg in FBy in 1 ml of
methanol. The stardard curve solutions were prepared from appropriate
dilutions of the stock solutions (50 ug/ml) with methanol (0.005 to 2.5
pg/ml). Other materials used: immunoaffinity columns from DON-test
Vicam (Milford, MA, USA), strong anion exchange SPE columns (6
cm®, 500 mg™ SAX, Phenomenex, USA) and diatomaceous earth.

2.1.3 Equipments

The following equipment was required for the physical and
chemical tests: pH meter (Digimed DM 20, Sdo Paulo, SP, Brazil),
water bath (Nova Técnica, Piracicaba, SP, Brazil) and a drying oven
(Olided —cz, Ribeirao Preto, SP, Brazil).

The determination of DON and FBs levels was carried out by a
high performance liquid chromatography (HPLC) model 321, Gilson
(Middleton, WI, USA), equipped with an isocratic pump model 805,
manual injector (20pl loop) with an ultraviolet —visible (UV) detector
model 118 and fluorescence detector model 121. The chromatographic
columns used were C,g reversed-phase (Synergi 4 um particle size, with
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250 x 4.60 mm, length and diameter, respectively), model Fusion-RP
80, Phenomenex (Torrance, USA) for DON and Cyg reversed-phase
(particle size 5 pum, with 150 and 4.60 mm), model Luna (Torrance,
USA), for FB;.

2.2 METHODS
2.2.1 Physical and chemical analyses

To accomplish the physical and chemical analyses, each bottled
beer sample was gently mixed and approximately 200 ml were degassed
by ultrasonic bath.

2.2.1.1 pH

The pH tests were in accordance with the AOAC Method
945.10 (2012) for beer, using a pH/reference electrode system.

2.2.1.2 Acidity

The acidity analyses were in accordance with the AOAC
Official Method 950.07 (2012) for beer. In short, 10 ml of previously
decarbonated beer, 50 ml of distilled water and 0.5 ml of 0.5 %
phenolphthalein were added to a flask. After this first step, the sample
was titrated with 0.1 N NaOH to first appearance of faint pink.

2.2.1.3 Real extract

The determination of the real extract is in accordance with the
Adolfo Lutz Institute method (IAL 2008) and it is based onthe
dryresidueweight of acertain volume ofsamplesubmitted toevaporation.

2.2.2 Fumonisin (FB;) determination

To perform the FB; analyses, the AOAC Official Methods of
Analysis 995.15 (AOAC, 2005), originally developed for corn and its
products with modifications, was used as follows: Briefly, the pH of
craft beer samples was brought to a 5.8 — 6.5 range with 1 N NaOH and
the samples were filtered through qualitative filter paper. For sample
cleanup and concentration, a 50 ml aliquot of beer was applied to a
strong anion exchange SPE column (6 cm®, 500 mg™ SAX,
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Phenomenex, USA), previously conditioned with 10 ml of methanol,
followed by 10 ml of methanol:water (3:1). The sample was followed by
10 ml of methanol:water (3:1) and 6 ml of methanol. FB; was eluted
with 10 ml of methanol:acetic acid (95:5). The elution was dried under a
nitrogen stream at 60 °C.

The dried extract was suspended in 300 ul of acetonitrile:water
(2:1) and was cleaned with a syringe filter (0.45 pum, 13mm, CA
membrane) and dried under a nitrogen stream at 60 °C. The dried extract
was then suspended in 100 plaliquot of methanol and transferred to a
reaction vessel and 200l of OPA reagent was added. After 60 seconds
reaction time, 20 pl of the derivatized sample was injected into a LC-
FLD at 335 and 440 nm for excitation and emission, respectively. The
mobile phase was methanol: sodium dihydrogen phosphate (77:23, v/v)
adjusted to pH 3.3 with H3POjat a flow rate of 1 ml/min.

2.2.3 Deoxynivalenol analyses

The craft beer samples were analysed using immunoaffinity
columns for the cleaning step and LC/UV for detection, according to the
Vicam protocol DON test, N, G1005 USA (Vicam 2013), with some
modifications. In short, 84 ml of acetonitrile and 3.2 g of diatomaceous
earth were added to 16 ml of a degassed sample and mixed for 5 min
and then filtered through a Whatman no. 4 filter paper.

For sample cleanup and concentration, an aliquot of 1ml of the
extract was applied to an immunoaffinity column (DONTest HPLC) at a
flow rate of one drop per second. This column was previously
conditioned with 1 ml of LC grade water. The sample was followed by
2.5 ml of LC grade water to wash the column and the toxin was slowly
eluted with 2 ml of 100 % LC grade methanol. The eluate was
evaporated using a heating block device at 40 °C in a gentle nitrogen
stream and then the dry residue was redissolved in 100 pl of mobile
phase acetonitrile:water (10:90, v/v). The extract (20 ul) was injected
into the LC/UV System set at a wave length of 218 nm and the mobile
phase was delivered at a constant flow rate of 0.8 ml/min.

3 RESULTS
3.1 PHYSICAL AND CHEMICALCHARACTERISTICS

The physical and chemical analyses are extremely important to
the quality of the beer and, consequently, for consumer acceptability. In
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this paper, the pH, the acidity and the real extract of the beers analysed
are also shown in Table 1, in terms of mean and standard deviation
according to beer type.

Acidity
Beer Type  Samples pH (% latic acid) Real Extract
Ale 25 455+ 0.27 0.26 £ 0.06 5.40 + 1.48
Lager 28 474+£0.21 0.24 £ 0.07 5.17 £ 1.59

Table 1. Physico-chemical characteristics of the craft beer.

3.2 MYCOTOXINS
3.2.1 Don analyses

The LC/UV method for DON chromatographic separation and
the validation parameters obtained (linearity, limit of detection — LOD,
limit of quantification — LOQ reproducibility, repeatability and
recovery), were adequate. For instance, under the chromatographic
conditions used, the DON retention time (Rt) was equal to 14 + 0.5 min.
Linearity was confirmed using the calibration curve for each DON
concentration; i.e., it was linear from 0.15 to 15 pg/ml (correlation
coefficient 0.996). The LOD (signal to noise ratio = 3) and LOQ (signal
to noise ratio = 10) were 67 and 119 pg/l, respectively. Recovery
experiments were conducted by spiking blank beer with 200 pl of
DONstock solution at concentrations of 80, 160 and 250 pg/l and
performed with the same HPLC system. The extraction was carried out
according to the methodology previously mentioned and the eluate (2
ml) was evaporated with nitrogen at 60 °C for 10 min until dry. A
duplicate analysis was conducted.

The recovery experiments showed yields of 99. 9, 99.9 and
96.0 % for concentrations of 80, 160 and 250 ug/l, respectively. The
mean recovery rate for the extraction method was 97.9 %.

In the present study, DONwas detected inapproximately 32 %
(17 of 53samples) of the samples, with levels ranging from 127 pg/l
to501 pg/l(mean221 pg/ 1).The descriptive statistics are shown in
Table2.
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samples Range of positive Mean of positive Median of positive Maximum
P samples (pg/l)? samples (ug/l) samples (ug/l) Value (ug/l)
17 127 - 501 221 177 501
Total: 17
8 29 - 285 105 90 285
Total: 8

> method LOQ 119 pg/I for deoxynivalenol and 21.0 pg/I for fumonisin B,
Table 2. Descriptive statistics for concentrations of DON and FB; in craft beer.
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3.2.2 FB;analyses

The method applied for FB; was successfully validated under
laboratory conditions. The validation criteria were linearity, selectively,
reproducibility, limits of detection and quantification (LOD and LOQ,
respectively) and recovery. The retention time (rt) of FB; was 5.5 min +
0.5. Linearity was confirmed by constructing a calibration curve for FB;
ranging from 0.005 — 2.5 pg/ml, which showed coefficients of
correlation r2 = 0.990 for FB;. The LOD (signal noise ratio = 3) was 6.6
ug/l, and LOQ (signal noise ratio = 10) was 21.0 pg/l. Recovery
experiments were conducted by spiking blank beer with 500 pl of the
FB, stock solution at concentrations of 35 and 70 pg/l, on the same day
and with the same HPLC system. The extraction was carried out
according to the methodology previously mentioned and the eluate (10
ml) was evaporated with nitrogen at 60 °C for 10 min until dry. A
duplicate analysis was performed. The recoveries ranged from 99.1 % to
99.7 % for 35 and 70 pg/l, with an overall mean of 99.4%.

For FB, 8 (15.09 %) samples were contaminated with levels
ranging from 29 pg/l to 285ug/l. The descriptive statistics are detailed in
Table2.

4 DISCUSSION

Firstly, it is important to mention that the pH for beer is
essential because it has an influence on several factors such as
microorganism growth, color intensity, enzymatic activity, flavor and
oxy-reduction potential, as discussed in Oliveira (2011). The results of
the pH analyses for both beer types are in accordance with Compton
(1978) with values ranging from 3.8 and 4.7, which determine a great
parameter for the beer quality. Moreover, a survey carried out by
Sleiman and Venturini in 2004 also showed pH levels similar to those
found in our study and those stated by Compton (1978).

In addition, the results concerning the acidity and real extract
analyses are in agreement with the Brazilian regulation established by
Anvisa decree n°2.314/1997 (Brasil, 1997).

With respect to DON, which is considered one of
themycotoxins most foundincerealsin the world, especially inbarley,
thestudywas able to demonstrate that the contamination levels must be
monitored especially in productsmade from stored cereals which are
potentially contaminated.



87

The same idea presented in this paper was also researched by
SchothorstJekel (2003) who conducted a survey on mycotoxins in the
Netherlands. On that occasion, the results showedcontamination in
onlythreeof 51analyzed industrial beer samples(approximately 6 %), and
the DONIlevels were low,varying between26 g/l and4l pg/l.
Additionally, nodetectable levelsofmycotoxins in industrial beer were
found ina studyconducted byOmurtagandBeyoglu (2007)in Turkey.

Furthermore, in order to explain the DON levels, some studies
have shown that this mycotoxin seems to be very stable during the
brewing process (BOHM-SCHRAML et al., 1997, WOLF-HALL,
2007). Niessen (1993), found deoxynivalenol to be carried over into the
final beer. In the study mentioned, they also showed a four-fold increase
in deoxynivalenol concentrations during mashing. It suggested that
deoxynivalenol may be released from protein conjugates during
mashing.

Moreover, another study carried out by Lancova et al., (2008),
showed that in malt, the content of monitored mycotoxins
(tricothecenes) was higher compared with the original barley. The most
significant increase was found for DON -3-Glc. Additionally, during the
brewing process, significant increases in levels occurred.

According to the aspects aforementioned, chemical treatments
are promising, such as ozonation, (SAVI et al., 2014a; SAVI et al.,
2014b)as this would not leave residual chemicals in the barley grain or
in the beer. This means that the problem would be reduced or solved
still in storage where some conditions can be monitored.

It is important to highlight that the current Brazilian and
international regulations do not determine minimum levels forDON in
beer.However, there are maximum values for barley and malted barley
which correspond to levels of 1500ug/kg and 1250 pg/kg, respectively.
These levels can serve as a benchmark. Based on this, it is possible to
conclude that beers brewed from quality, purified and well-stored raw
materials do not represent any health risk of DON exposure to
consumers.

Considering FBy, the results presented previously are similar to
a study carried out in Brazil in 2007, where 43.1 % of the industrial
beers analyzed were contaminated with levels ranging from 1 to 40 g/l
(KAWASHIMA et al., 2007). Furthermore, the results from this survey
were in agreement with previous European studies: Bertuzzi et al.,
(2011) detected FBs in 97 % of the samples (n= 32) at maximum levels
of 30 pg/l and Torres et al., (1998) detected FBs in 43.8 % of Spanish
beer (n = 32) at levels of 4.8 to 85.5 pg/l. Also for FB;, some studies
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have reported the stability of this toxin in heat and during the
fermentation process (ALBERTS et al., 1990; JACKSON et al., 19964a;
JACKSON et al., 1996b; SCOTT et al., 1995).

It is necessary to highlight that most of the craft beers are made
only with barley, therefore, these results may suggest that the beer
contamination can be affected by the products used. An example of this,
is corn starch and corn syrup which are among the adjuncts alternatively
used for beer production in Brazil. These can increase the levels of FB;
as cited by Hlywka and Bullerman (1999) and Kawashima et al., (2007).

According to these numbers of contamination in beer, many
studies also documented levels of Fusarium mycotoxins and their
pattern in barley grains (MARIN et al., 1999; OLIVEIRA et al., 2012;
RUBERTet al., 2012; CASTANARES et al., 2014). This problem is
strongly influenced by agricultural practices which, in combination with
weather conditions during critical phases of plant growth, determine a
number of toxigenic fungi invading the crop under field conditions
(EDWARDS, 2004).

4.1 ESTIMATION OF MYCOTOXIN DIETARY INTAKES BY THE
CONSUMPTION OF BEER

By considering the mean values of DON and FB; obtained from
this survey, the mean Brazilian beer consumption (57 / | year per capita,
equivalent to 0.158 / | day) and a body weight of 60 kg, it was possible
to calculate the daily average exposure, as shown in Table 3. The
Scientific Committee for Food (SCF) and FAO/WHO Joint Expert
Committee on Food Additives (JECFA) (BOLGER etal., 2001)
indicated a tolerable daily intake (TDI) of 1 and 2 pg/kg™ bw for DON
and FBs, respectively.

Mean? Daily average Tolerable % of
(ug/ ) exposure daily intake Tolerable
K9 (Lg/kgbw)  (ug/kgbw) daily intake

Deoxynivalenol 71 0.18 1 18
Fumonisin B, 16 0.04 2 2

%all of 53 samples
Table 3. Estimation of mycotoxin dietary intakes from beer.

According to Table 3, it is evident that, for a moderate
consumer, the daily average exposure from beer was low, in agreement
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with previous studies (MATUMBA et al., 2014; HARCZ et al., 2007).
Nevertheless, it is extremely important to maintain the high levels of
monitoring.

5 CONCLUSION

This study reported the results from a survey investigating the

physical and chemical characteristics of craft beer produced in southern
Brazil and the presence of mycotoxins in it.
In summary, the pH, acidity and real extract were in agreement with
some surveys and with the Brazilian regulation, however, DON and FB,
were present in 32 and 15.09 % of the samples, respectively. The
concentrations found in craft beer from southern Brazil were probably
caused by the widespread and high occurrence of these toxins in barley.
Furthermore, the mycotoxins seem to be very stable during the brewing
process.

The elimination of both toxins from the product should be
contemplated by the industry either for quality or health reasons.
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CAPITULO 3

MICOFLORA E OCORRENCIA DE DEOXINIVALENOL E
FUMONISINAS EM DIFERENTES VARIEDADES DE CEVADA
CERVEJEIRA(Hordeum vulgare L.)
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ABSTRACT

The industrial use of barley (Hordeum vulgare L.) grain has experienced
continuous growth mainly due to its economic importance for malt
production. However, studies  from the high beer
consumption/production countries have demonstrated that using low
quality barley fungi contaminated can interfere on brewing process.
Indeed, barley fungal persistence can reduce final products marketability
and cause economic losses. This work reports a study on the mycoflora
and field toxins (deoxynivalenol and fumonisins) occurrence in 5
different varieties of malting barley samples from Southern Brazil.
According to the mycological tests, the samples presented low fungi
colonies count, with values ranging from 1x10 to 1.2x10% The main
genera isolated in descending order were Fusarium, Alternaria,
Rhysopus and Penicilllum. Regarding the Fusarium species, they were
the toxigenic F. graminearum and F. verticilioides (26 and 12%,
respectively). The Brau variety was the one that presented the highest
number of samples toxin contaminated, being half (50%) from the total
positives, for deoxynivalenol. On the other hand, fumonisins were
detected in fewer total samples, which is a quite good achievement for
those varieties and the beers consumers.

Key words: malting barley, variety, mycotoxins, deoxynivalenol,
fumonisins, mycoflora

1 INTRODUCTION

Barley (Hordeum vulgare L.) is one of the most important
cereals in the world with an estimated global production of
approximately 141 million tons in 50 million hectares in 2013 (USDA,
2014). The industrial use of barley grain has experienced continuous
growth mainly due to its economic importance for malt production
(Oliveira et al., 2012).

Several works have demonstrated that the barley can be
contaminated with fungi and, from a technological perspective, fungal
persistence can reduce product marketability causing economic losses.
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This lowers the quality of the grain and, consequently, the final product
is affected. (Noots et al., 1999; Schwarz et al., 2001).

The fungi genus that should be taken into account for barley
and other small grains is Fusarium, and this can be associated with a
disease called Fusarium head blight (FHB) (lbafiez-Vea etal.,
2012 and Neuhof et al., 2008). The major species associated with FHB
in Europe are F. graminearum, F. avenaceum, and F. culmorum, and, to
a lesser extent F. poae, F. cerealis, F.equiseti, F. sporotrichioides and
F. tricinctum (Bottalico and Perrone, 2002; Ibafiez-Vea et al., 2012).

Contamination of barley by these pathogenic fungi
negatively affects vegetation and leads to reduced germination capacity
and grain malting quality as well as to losses in yield (Oliveira et al.,
2012). Although micromycetes of Fusarium spp. are known as “field
fungi“, they can also grow during storage (Fakhrunnisa et al., 2006,
Oliveiraetal., 2012).

Among the mycotoxins associated with FHB, such as
trichothecenes, deoxynivalenol (DON), nivalenol, T-2 and HT-2 toxins,
DON is the most common found in barley grains. The accumulation of
DON in human and animal bodies after ingestion of contaminated food
can induce acute and chronic effects such as immunosuppression,
neurotoxicity, embryotoxicity and teratogenicity (Pestka, 2007;
Wijnands and Van Leusden, 2000).

Furthermore, an important problem found in the industry
concerning DON presence in barley and consequently in beer, is
“gushing”, i.e. excessive foaming and overflowing on opening a bottle.
This has been reported frequently in the last few years and can seriously
damage the beer quality and the reputation of the brewery.

Another relevant Fusarium specie that can be found in barley is
F. verticilioides and this is a producer of fumonisins (FBs). FBs are a
family of toxic and carcinogenic mycotoxins that cause serious diseases
affecting humans and animals (Marasas et al., 2004). More than ten
types of FBs have been isolated and characterized. Of these, fumonisin
B (FB;), fumonisin B, (FB,), and fumonisin B; (FB3) are the major FBs
produced in nature, with FB; being the most prevalent and toxic
(Musser and Plattner, 1997). Additionally, these toxins are catalogued as
group 2B carcinogens by the International Agency for Research on
Cancer (IARC, 1993).

With respect to the mycotoxins produced by Fusarium, it can be
said that they are produced mainly in the field, although some toxin
synthesis may occur during storage. These may also increase during
germination of the barley during the malting and brewing process of the
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beer (Pietri et al., 2010; Wolf-Hall, 2007). Basically, the temperature
and moisture conditions are crucial factors and thereby affect the fungal
infection and toxin synthesis (Doyle, 1997).

Due to the health risks associated with the consumption of
contaminated commodities, their occurrence is currently under
regulation in many countries. In 2012, the Brazilian regulation proposed
a maximum tolerable level (MTL) of 1.75 pg/g for DON in malted
barley grains. The limit will be decreased over time to allow grain
producers and the industry to adapt to the legislation without causing a
shortage of barley. As of January 2017, DON limits for malted barley
will be set at 0.75 pg/g (Brasil, 2011; Brasil, 2013).

Currently, the limit fixed for DON by the Commission of the
European Communities is equal to 1.75 pg/g for cereals and sub
products (European Commission, 2006). It is important to emphasize
that there is no specific regulation for FBs in barley and, therefore, the
raw material should be carefully monitored.

For the reasons stated above, the aim of the present study was to
determine the presence and identification of mycoflora and also the
occurrence of DON and FBs in malting barley from Brazil by means of
High Performance Liquid Chromatography. It is important to mention
that this research has not been developed in Brazil previously and can
therefore be a benchmark for the Brazilian beer industry from here
onwards and cultivation/storage of this widespread cereal.

2 MATERIALS AND METHODS
2.1 MATERIALS
2.1.1 Samples

Malting barley grains (50 samples), from 5 different varieties (Brau,
Elis, Korbel, Caue and also PFC) of the year 2013 harvest (minimum
weight: 1 kg), recommended for cultivation in Southern Brazil (Parana-
PR, Rio Grande do Sul-RS and Santa Catarina-SC states). They were
obtained after passing through the cleaning (compressed air / low
density matter) and drying (hot air / max. 60°C) stages in the Grain
Storage Unit (GSU), then packaged in polyethylene bags and stored at 4
°C for mycoflora, DON and FBs analysis. Figure 1 shows the different
malting barley grains variety characteristics.
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e.l e.2 e.3

Figure 1. Characteristics of the malting barley (Hordeum vulgare L.)grains of
different varieties: (a) Brau, (b) Caue, (c) Elis, (d) Korbel and (e) PFC [1 -
grains / 2 -verse / 3 -reverse].

2.1.2 Culture media, chemicals and other materials
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(a) culture media - potato dextrose agar (PDA), malt extract
agar (MEA) and peptone media were from Himedia (Curitiba, Parana,
Brazil); czapek-dox 25% glycerol nitrate (GN25), czapek yeast extract
(CYA) agar and Czapek-dox agar (CDA) from Vetec (Duque de Caxias,
RJ, Brazil); (b) chemicals (b.1) solvents - acetonitrile and methanol
from Vetec (Duque de Caxias, Rio de Janeiro, Brazil); Mili-Q water
from system 18.2 MQ/cm; (b.2) mycotoxin standards - DON and FBs,
from Sigma Aldrich Chemicals (St. Louis, MO, USA). [DON stock
solution (SS): 1 mg in 1 ml of acetonitrile (200 ug/ml); standard curve
solutions (SCS): prepared from appropriate dilutions of SS with Mili-Q
water (0.15 to 15 pg/ml); FBs SS: 1 mg of FB; & FB, in 1 ml of
methanol (50 pg/ml); SCS: prepared from appropriate dilutions of SS
with methanol (0.005 to 2.5 pg/ml)]. (c) other materials -
chloramphenicol from Vetec (Duque de Caxias, RJ, Brazil); DON-test
immunoaffinity columns (IAC), from Vicam (Milford, MA, USA),
N+Cygsolid phase extraction (SPE) columns from Phenomenex
(Torrance, CA, USA) and C,g reversed-phase chromatographic columns
(c.1) for DON - 4 um, 250 x 4.60 mm, particle size, length and diameter,
respectively, model Fusion-RP 80, Phenomenex (Torrance, USA) and
(c.2) for FBs - 5 um, 150 x 4.60 mm, particle size, length and diameter,
respectively, model Luna (Torrance, USA).

2.1.3 Instruments

Microwave oven, Philco (Sao Paulo, SP, Brazil); laminar flow
cabinet, Veco (Campinas SP, Brazil); fume cabinet, Quimis (Diadema,
SP, Brazil); stomaker, Marconi (Piracicaba, SP, Brazil), microbiological
oven, Quimis (Diadema, SP, Brazil); autoclave, Phoenix (Araraquara,
SP, Brazil); light microscope (LM), model CH-BI45-2, Olympus
(Shinjuku, Tokyo, Japan). High performance liquid chromatography
(HPLC) system, Gilson (Middleton, WI, USA), equipped with an
isocratic pump, model 805; ultraviolet-visible (UV-VIS), model 118 &
fluorescence, model 121, detectors; injector (20ul loop),
Rheodyne(California, USA). Drying oven, Olidef-cz (Ribeirao Preto,
SP, Brazil); Aqua-Lab, model 4TE, Decagon Devices (Sao Jose dos
Campos, SP, Brazil).

2.2 METHODS

2.2.1 Mycological analysis
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(a) fungi enumeration - to evaluate total fungal load it was
applied the methodology of Silva et al. (2010). Briefly, each sample (25
g) was added to peptone:water (0.1%), stirred in a stomacher (2 min)
and dilutions (107102 /10 /10*) prepared. Next, aliquots of each
dilution (0.1 ml) were spread (n=2) on the PDA surface containing
chloramphenicol (100 mg/l) and incubated for 7 days, at 28°C. The
results were presented as colony forming units per gram (CFU g™) in the
10" dilution; (b) identification of fungal genera and species - the
isolated strains were sub-cultured on PDA, MEA, GN25 and CYA
media (incubated for 7 days, at 28°C), followed by species identification
performed through micro-cultivation in carnation leaf agar for Fusarium
and CDA for Aspergillus and Penicillium (keys of Weber and Pit, 2000;
Samson et al. 2006) were applied.

2.2.2 Humidity (mc & aw)

To determine (a) mc - the barley grains (2 g) were submitted to
a drying process in an oven (105 * 5°C) up to a constant weight using
the gravimetric method of Association of the Official Analytical
Chemists (AOAC, 2005); and the (b) aw - was carried out by submitting
each barley grains variety (2 g) to the Aqua-Lab 4TE apparatus, up to
stable reading (Aqua Lab. 2014).

2.2.3 Mycotoxins determination

(a) DON: the malt barley samples were analysed using IAC column for
the cleaning step and LC/UV for detection, according to the Vicam
protocol for DON test, N, G1005 USA (Vicam, 2013), with some
modifications. In short, each sample (25 g) was mixed into an industrial
blender with 100 ml of ultra pure water. The mixture was blended for 30
seconds and then filtered twice. For sample cleanup and concentration,
an aliquot of 1ml of the extract was applied to an IAC (DON Test
HPLC) at a flow rate of one drop per second. This column was
previously conditioned with 1 ml of LC grade water. The sample was
followed by 2.5 ml of LC grade water to wash the column and the toxin
was slowly eluted with 2 ml of 100 % LC grade methanol. The eluate
was evaporated using a heating block device at 40°C in a gentle nitrogen
stream and then the dry residue was redissolved in 100 pl of mobile
phase acetonitrile:water (10:90, v/v). The extract (20 ul) was injected
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into the LC/UV System set at a wave length of 218 nm and the mobile
phase was delivered at a constant flow rate of 1.0 ml/min.

(b) FBs: the method applied for FBs (FB:& FB;)determination
was of AOAC art. 995.15 (AOAC, 2005). Briefly, each barley sample
(50 g) had toxins extracted in a blender jar with methanol:water (80:20,
v/v), followed by cleanup through an SPE column (N+C18), previously
conditioned with methanol (5 ml), followed by methanol:water (80:20).
The sample was followed by 5 ml of methanol:water (80:20) and 3 ml of
methanol. The FB, were eluted with methanol:acetic acid (99:1). The
eluate was dried under a nitrogen stream at 60°C. The dried extract was
suspended in methanol (100 ul), transferred to a reaction vessel and
OPA reagent (200 pl) was added. After 60 sec. reaction time, 20 pl of
the derivatized toxins was injected into a LC-FLD (at 335 and 440 nm
for excitation and emission, respectively). The mobile phase was
methanol:sodium dihydrogen phosphate (77:23, v/v) adjusted to pH 3.3
with H3POy(flow rate of 1 ml/min).

3 RESULTS

The data obtained from the 5 different varieties
(Brau/Elis/Korbel/Caue/PFC) of malting barley samples on mycoflora
(total fungi load/genera/species) isolation & identification as well as the
toxins (DON & FBs) surveyed, showed some variation among them, and
are presented in the Tables 1 & 2, respectively.

3.1 MYCOFLORA

According to the mycological tests, the samples presented low
fungi total counts, with values ranging from 1x10 to 1.2x10° CFU g™
(mean: 4.4x10%).After incubating the samples for 7 days at 25 °C, a total
of 9 fungal isolates (Table 1) belonging to four different genera, such as
Fusarium (6), Penicillium (1), Alternaria (1) and Rhysopus (1) were
identified.

The incidence of samples colonizes by Fusarium, especially F.
gramineraum and F.verticilioides were significantly predominant from
19 strains isolates, 13 belonging to F. gramineraum and 6 belonging to
F. verticilioides. The incidence of both species were 26 and 12 %,
respectively.

3.2 HUMIDITY (MC & AW)
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Regarding the conditions for fungi grow, related to the barley
sample humidity (mc & aw), in the current study the 5 malting barley
varieties showed values ranging from 11.69 to 14.74% (mean
13.24+0.78) for mc and from 0.53 to 0.65 (mean 0.61+0.02) for aw.
Most data was slightly under the threshold for optimum growth
conditions. It is important to mention that under grains favourable
conditions, either high mc (14-16%), aw (0.70-0.90) and temperature
(25-35°C), toxigenic fungi can grow and produce mycotoxins
(SCUSSEL, 2002). According to the Brazilian regulation, the maximum
mc allowed in malting barley is 13%, in order to prevent fungi
contamination and consequently mycotoxins (BRAZIL, 2011).
Regarding, data on varieties, the samples humidity parameters were
somewhat similar, with some slight differences observed.

3.3 MYCOTOXINS

(@) DON:(a.1l) validation -the LC/UV method for DON
chromatographic separation and the validation parameters obtained
(linearity, limit of detection — LOD, limit of quantification — LOQ
reproducibility, repeatability and recovery), were adequate. For instance,
under the chromatographic conditions used, the DON retention time (Rt)
was equal to 12 min. In turn, linearity was confirmed using the
calibration curve for each DON concentration; i.e., it was linear from
0.15 to 15 pg/ml (correlation coefficient 0.996). Finally, the LOD
(signal to noise ratio = 3) and LOQ (signal to noise ratio = 10) were 0.07
and 0.12 pg/g, respectively.

The second step of the research was the recovery experiments. To
achieve reasonable accuracy, the recovery was conducted in triplicate by
means of spiking blank with DONstock solution at concentrations of
0.25, 1 and 1.5 pg/g and performed with the same HPLC system. The
extraction was carried out according to the methodology aforementioned
and the eluate (2 ml) was evaporated with nitrogen at 60 °C for 10 min
until dry. A duplicate analysis was conducted.

The recovery experiments showed yields of 87, 96 % and 93 % for
concentrations of 0.25, 1 and 1.5 pg/g, respectively. The mean recovery
rate for the extraction method was 92 %. (a.2) DON malting barley
grain data - in the present study, DONwas detected in 8 out of 50 (16%)
samples, with levels ranging from 0.25t015.08 pg/g (mean3.36 pg/g).
The descriptive statistics are shown in Table2.

(b) FBs:(b.1) validation - the method applied for FB; and FB, was
successfully validated under laboratory conditions. The validation
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criteria were linearity, selectivity reproducibility, limits of detection and
guantification (LOD and LOQ, respectively) and recovery. The
retention time (rt) of FB; was 5 min and for FB, 10.3 min. Linearity was
confirmed by constructing a calibration curve for FBs ranging from
0.001 — 5.5 pg/ml, which showed coefficients of correlation r2 = 0.994
for FB; and 0.996 for FB,. The LOD (signal noise ratio = 3) was 0.0002
ng/g (FBy) and 0.01 pg/g (FB>), and LOQ (signal noise ratio = 10) were
0.001 pg/g and 0.04 ug/g for FB; and FB,, respectively.

Following the same idea described for DON, the recovery
experiments were conducted by spiking blank with 0.05, 0.25 and 5 ug/g
for FB; and FB,. Each spiked level was conducted in triplicate to obtain
great precision and they were performed on the same day and with the
same HPLC system.

In turn, the extraction was carried out according to the
methodology previously mentioned and the eluate (10 ml) was
evaporated with nitrogen at 60 °C for 10 min until dry. In this case, a
duplicate analysis was performed. The recoveries ranged from 70, 85
and 90% 0.05, 0.25 and 5 pg/g, with an overall mean of 81%.(b.2) FBs
malting barley grain data — data on FB; showed that 5 (10%) out of the
50 samples present some levels, all at quite low level ranging from
0.003 to 0.1 ug/g (one sample, each variety). On the other hand, for FB,
only one sample showed contamination and was of Elis variety (0.09

Hg/g).
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Table 1.Mycoflora isolatedofdifferent varieties malting barley (Hordeum vulgare L.) grains*

Barley sample

Variety” Fungi Number TFC (CFU/g)°
BRAU® Negative: 6 NA'
Positive: 4
7.0x10
2.0x10
7.0x10
1.0x10
Mean (range) 4.2(1.0 to 7.0x10)
CAUE®  Negative: 5 NA
Positive: 5

Mycoflora
Genera
NI°
NI
NI
NI

NI
NI
F. / Ryzopus

Fusarium
F./ Alternaria

Fusarium

NA

NI
NI
NI

107

Humidity*
Species Aw’ Mc%*
NI 0.62+0.00 13.20+0.07
NI 0.61+0.01 12.58+0.05
NI 0.60+0.00 12.51+0.02
NI 0.60+0.01 11.69+0.15
NI 0.60+0.00 11.89+0.31
NI 0.63+0.00 13.33+0.12
F. 0.65+0.01 12.99+0.11
graminearum/v
erticilioides / R.
oryzae
F. 0.60+0.01 12.84+0.07
graminearum
F. culmorum/ 0.57+0.01 13.27+0.08
A. alternata
F. culmorum/ 0.56+0.00 13.94+0.15
F. acuminatum
NA 0. (0.56- 12.74(11.69-
61 0.65) 13.94)
NI 0.62+0.01 12.26+0.01
NI 0.60+0.01 12.83+0.23
NI 0.60+0.00 12.83+0.30
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ELis®

Mean (range)

Negative:
Positive:

7.0x10
1.0 x10

2.0x10
3.0 x10

2.0x10

3.0(1.0to 7.0x 10)
NA

3.0x10

1.0x10°

NI
NI
Fusarium

Fusarium

Penicillium
Fusarium

F. /Alternaria

NA

NI

NI

NI

NI

NI

NI
Fusarium

Fusarium

NI
NI
F.
graminearum
F.
graminearum
P. digitatum
F. acuminatum/
F. culmorum
F. acuminatum
[ A. alternata

NA 0.60

NI

NI

NI

NI

NI

NI

F.
gramineraum

IF.
clamydosporum
/F. acuminatum

F.
graminearum/
F. acuminatum

0.60+0.00
0.60+0.00
0.63+0.01

0.63+0.00

0.58+0.02
0.60+0.00

0.57+0.00

(0.57-0.63)

0.62+0.01

0.61+0.00
0.60+0.00
0.61+0.00
0.61+0.00
0.62+0.03
0.64+0.01

0.58+0.01

12.2240.56
12.13+0.08
13.7840.19

12.73+0.06

13.57+1.67
13.48+0.01

13.79+0.01

12.96(12.13-
13.79)
11.8620.87

13.70+0.11
13.8840.12
13.28+0.55
12.37+1.84
13.96+0.04
13.03+0.01

11.88+0.97



1.0x10
2.0x10

Mean (range)

KORBEL® Negative: 6 NA
Positive: 4
1.0x10
1.2x10?
4.0x10
5.0x10
5.5(1.0x10"
Mean (range) 101.2x10?)
PFC Negative: 6 NA

Positive: 4

4.0 (1x10to 1x 10%)

Fusarium
Fusarium

NA

NI

NI

NI

NI

NI

NI

NI
Fusarium
Fusarium

Fusarium

Fusarium

NA

NI
NI
NI
NI

F. verticilioides

F. culmorum
NA

NI
NI
NI
NI
NI
NI
NI
F. proliferatum
F. vesticilioides
I F.
graminearum
F.
gramineraum
F.
gramineraum/
F. verticilioides

NA 0.65

NI
NI
NI
NI

0.6020.02
0.56+0.01
0

. (0.56-
6 0.64)
1

0.6240.01
0.60+0.01
0.6020.01
0.62+0.01
0.6120.00
0.65+0.01
0.6320.00
0.60+0.02
0.6120.02

0.57+0.01

0.62+0.01

(0.57-0.65)

0.61+0.01
0.62+0.01
0.61+0.00
0.59+0.00

109

13.37+0.13
13.56+0.16

13.01(11.86-
13.96)

13.30+0.14
13.32+0.04
13.74+0.32
13.70+0.17
13.13+0.18
14.11+0.01
14.74+0.16
12.81+0.25
13.44+0.28

13.14+0.22

13.30+0.14

13.87(12.81-
14.74)
13.72+0.27
13.73+0.13
13.95+0.31
14.18+0.29
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NI NI 0.60+0.01 14.12+0.24

NI NI 0.65+0.01 14.56+0.43

6.0x10 Fusarium F. 0.64+0.01 13.51+0.40
graminearum

3.0x10 Fusarium F. 0.61+0.01 13.09+0.42

graminearum/
F. subglunatins
1.1x10? Fusarium F. 0.64+0.01  13.59+0.01
graminearum/
F. verticilioides

1.0x10 Fusarium F. proliferatum  0.5310.01 13.52+0.07
Mean (range) 521(11)(21%% 0 NA NA 0.61 (0.53-0.64) ii:ggglg'og'
Total positive 21 NA NA NA NA
General mean positive (range) 4.4 (1x10to1.1x10?) NA NA (0.53-065) (1169

14.74)
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Table 2. Occurrence of deoxynivalenol and fumonisins in different varieties of malting barley (Hordeum vulgare L.)grains

Malting barley grain

Field toxin levels (ug/g)*”

Positive samples®

d
Variety* Contamination Number Per . DON° FBs >MTLY Frequenc Mean
sample: FB, FB,' FBStotal y (%) (ng/9)
BRAU** Negative: 5 NA" NA NA NA NA NA NA NA
Positive: 5 1 ND' 0.003 ND® 0.003 2/10 DON 20 9.17
2 15.08 ND ND NA
3 0.25 ND ND NA
4 0.23 ND ND NA
5 3.26 ND ND NA
CAUE** Negative: 9 NA NA NA NA NA NA NA NA
Positive: 1 1 ND 0.002 ND 0.002
ELIs** Negative: 8 NA NA NA NA NA NA NA NA
Positive: 2 1 3.12 0.01 0.09 0.1 1/10DON 10 NA
2 0.64 ND ND NA
KORBEL** Negative: 8 NA NA NA NA NA NA NA NA
Positive: 2 1 ND 0.01 ND 0.01 1/10 DON 10 NA
2 4.57 ND ND NA
PFC** Negative; 8 NA NA NA NA NA NA NA NA
Positive: 2 1 ND 0.001 ND 0.001 1/10 DON 10 NA
2 217 ND ND NA
Total sample: evaluated: 50
positive(%): 12 (24%) DON 8(16%) FBs 5(10%)
> MTL(%): 5(10%) DON 5(10%) NA NA
negative: 38(76%)

* total of 10 samples per barley variety studied **BRS variety
respectively ° higher than the LOQ® deoxynivalenol
tolerable level: EU & BR of 1.75 pug/g " not applicable ' not detected

““fumonisins

4L0OQ: 0.12 and 0.001 & 0.04 pg/g for DON and FBs(FB,&FB,),

fumonisin B, ' fumonisin B, ¢ higher than the maximum
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4DISCUSSION

As expected, the results (Section 3) indicate that the 5 different
varieties of malting barley samples were prone to field fungi
contamination (especially by spores of Fusarium species) (Table 1).
That was probablydue to the higher mc that the plants were exposed
during field growth, when comparing the values obtained and the safe
values established by regulations (BRAZIL, 1996, BRAZIL, 2011, EC,
2006). In addition, both toxin groups (trichotecenes: DON and FBs:
FB; & FB,) surveyed were able to be detected among some of those
barley varieties utilized in Southern Brazil.

4.1 MYCOFLORA ISOLATED, HUMIDITY CONDITIONS VERSUS
MALTING BARLEY VARIETIES

(a) Total fungi count: regarding the malting barley total fungi
load and the varieties studied, Korbel and PFC presented slightly higher
(1.2 and 1.1x10%) total count when compared to Brau, Elis and Caue
varieties (7.0, 7.0 and 3.0 x 10, respectively). These results can be
associated with both varieties mc and aw levels that were quite closer
(mc - 13.87, 13.80%) to the maximum allowed (14%) for that grain. On
the other hand, the other varieties, less fungi contaminated, showed
lower mc, (12.74, 13.01, 12.96%) and aw (0.65, 0.61, 0.61, 0.61, 0.60,
respectively).

(b) Fungi genera and species isolated: concerning the fungi
identification, the genera most found was Fusarium, present in all the
variety and the species isolated were F. graminearum and F.
verticilioides which are prone to toxin formation (toxigenic), as long as
grains and environment conditions may allow. According to studies
carried out in different countries high contamination of these Fusarium
species in barley, especially by F. graminearum, has been
detected(CLEAR et al., 2000; HASHMI; GHAFFAR, 2006;PAN et al.,
2007; IBANEZ-VEA et al., 2012). It is necessary to highlight that both
species are filamentous fungi and producers of two mycotoxins groups,
DON and FBs (IBANEZ-VEA et al., 2012; PAN et al., 2007).

(c)Humidity conditions: in Southern Brazil, where the barley
samples were collected, the climatic conditions (mild temperature and
high humidity) at the flowering stage tend to increase (SCUSSEL et al.,
2011), allowing contamination by F. graminearum / F. verticilioides
and, consequently, maximizing the possibility of toxin production. The
varieties that showed be more prone to contamination, environment
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conditions wise, were Korbel and PFC with mc of 13.87% (12.81-14.74)
and 13.80% (13.09-14.56), respectively (Table 1).

4.2 MYCOTOXINS VERSUS THE DIFFERENT MALTING BARLEY
CONTAMINATION VARIETIES

Both toxin Groups were able to be detected and levels varied,
with some higher than the Brazilian and EU MTL, which occurred in
only one of the varieties utilized as discussed bellow (Table 2).

(a) DON: regarding the 5varieties of the surveyed malting
barley grains and the trichothecenes toxin group, 76% (38) of the
samples did not present contamination up to the method LOQ (0.12
Kg/g) which are good news for the grain producers and brewers. Despite
that, 16% were toxin positive, however only 10% were higher than the
Brazilian and EU MTLs (both of 1.75 ug/g). They were of Brau (with
2> MTL) followed by Elis, Korbel and PFC varieties with only one
sample > MTL each. Our study showed results similar to those carried
out in Uruguay (Pan et al. 2007). Authors report DON detection ranging
from 0.5 to 10 pg/g and the frequency of the occurrence was in more
than 50% of the samples. However authors did not reported the barley
variety(ies) utilized. Other studies reported high levels of DON in barley
grains from different countries such as Czeck Republik, Germany and
The Netherlands (LANGSETH et al., 1999; LOMBAERT et al., 2007;
MANKEVICIENE et al., 2007). Authors were unanimous to affirm that
contamination is strongly influenced by agricultural practices which, in
combination with weather conditions during critical phases of plant
growth, can determine a number of toxigenic fungi invading crops
(EDWARDS, 2004;SCUSSEL et al., 2011). Based on the results
previously mentioned, which showed that 10% of the samples were in
disagreement with the Brazilian and EU regulations for DON, it is
possible to highlight that monitoring should be a good practice in order
to mitigate the problems involved this mycotoxin (BRAZIL, 2011; EC,
2006).

(b) FBs:data on FB; showed that 5 (10%) out of the 50 samples
present some levels, all at quite low level ranging from 0.003 to 0.01
ug/g (one sample, each variety). On the other hand, for FB, only one
sample showed contamination and was of Elis variety (0.09 ug/g).

To our knowledge, only a few research data has been reported on
malting barley for FBs, either in Brazil or abroad (BOLECHOVA et al.,
2014; MANOVA; MLADENOVA, 2009). Furthermore, the Brazilian
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and international regulation do not establish FBs MTLs for barley, thus
this data is a parameter for further new norms.

(c) Field toxins versus barley producers and brewers:the
current study demonstrates that mycotoxin levels in barley, despite of
the low presence of positive ( >MTL) samples, can lead to consumption
problems, as it is the raw material for beer production (highly consumed
in the Western countries). In other words, the studies associated with
mycotoxins occurrence should be given more attention due to the fact
that beer (barley derived) consumption is in constant growth.
Additionally, its quality tends to cause damage to beer process thus
affecting the breweries reputation. For those reasons, the raw material
used should be well selected and also monitored during the stages
between the field and beer industry.

5 CONCLUSION

The current study reports fungi and field toxins (DON & FBs)
contamination in malting barley with different levels and number of
samples per grain variety cultivated in Southern Brazil.

The main genera isolated in descending order were Fusarium,
Alternaria, Rhysopus and Penicilllum. Regarding the Fusarium species,
they were the toxigenic F. graminearum and F. verticilioides.

The Brau variety was the one that presented the highest number
of samples toxin contaminated, being half (50% - 5 samples) of them
positive for DON. However, only 20% (2 samples) had values above the
Brazilian and European MTLs established. On the other hand, FBs were
detected in fewer samples, which is a quite good achievement for those
varieties and the beers consumers.

Results may help to draw more attention to these grains
regarding safety and should be a matter of concern to the brewing
industry, regarding its effect on both, the malting process and beers
consumers’ safety. In addition, growers should pay attention on the
malting barley variety to be chosen for planting in the region (fungi &
toxin contamination wise), and select the fungi resistant ones.
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CAPITULO 4

EFEITO DO GAS OZONIO EM RELACAO A ESPECIES
TOXIGENICAS DE FUSARIUM (F. verticilioides, F. graminearum,
F. oxysporum, F. poae E F. semitectum) EM CEVADA
CERVEJEIRA
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ABSTRACT

Fusariumis a large genus of filamentous fungi widely distributed
around the world, representing one of the most prevalent sources of food
contamination, with strong, acute or chronic negative impacts on human
health.The complete elimination of fungi contaminated commaodities
may not be indeed achievable, but a reduction in these is essential for
final product quality as well as for consumer health. This study
evaluated the efficacy of the ozone (O3) gas treatment in different
Fusarium species and, in addition, to investigate the Ogeffect in malting
barley seed germination. The O3 gas was briefly applied to pilot silos
(added with barley), divided into Control (no Oz gas), and Treated
groups (concentrations of 40 and 60 ppm). These were exposed for 30,
60, 120 and 180 min. The specie more susceptible (fungi load) after the
O; treatment was F. poae followed by F. graminearum, with 93,3% and
92.6%., respectively. Germination of the malting barley seed was not
affected.

1 INTRODUCTION

Fusariumis a large genus of filamentous fungi widely distributed
around the world (BACKHOUSE et al., 2001), representing one of the
most prevalent sources of food contamination, with strong, acute or
chronic negative impacts on human health.

F. graminearum is the specie most frequently responsible for
scabsin grains, especially in malting barley (OSBORNE; STEIN, 2007).
Furthermore, other species, such as F. verticilioides, F. poae, F.
oxysporum and F. semitectum can be found (MAENETJE; DUTTON,
2007; SCHWARZet al., 2001; IVIC et al., 2011; GONZALEZ
PEREYRA et al., 2011) and may interfere in the quality of the grains
and the final product.

Barley infection by these pathogenic fungi negatively affects
the vegetation health and leads to losses of vyield, decreasing
germination capacity and worsening grain malting quality (OLIVEIRA
et al., 2012). Although micromycetes of Fusarium spp. are known as
“field fungi”, they can also grow during storage under favorable
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conditions (FAKHRUNNISA etal.,, 2006, OLIVEIRA etal,
2012;VAUGHAN et al., 2005).

The complete elimination of fungi contaminated commodities
may not be indeed achievable (Codex Alimentarius, 2003), but a
reduction is essential for final product quality as well as for
theconsumer.

Nowadays, new decontamination technologiesare used, but it is
possible to highlight the ozonation of food products. Ozone (O,) is a
powerful antimicrobial agent due to its potential oxidizing
capacity(KHADRE et al., 2001). It is currently used as a disinfectant
for microorganisms and viruses, odor and taste removal, color and
decomposition of  organic matter (CATALDO, 2008;
KARACA;VELIOGLU, 2009; KARACA et al., 2010).

A number of surveys have been carried out with O3 to control
the growth of several fungi in food or grains, ina laboratory enviroment
(KOTTAPALLI, 2005; WU et al., 2006; ZORLUGENC et al., 2008;
SCUSSEL et al., 2011). The idea presented in these studies is to reduce
fungi and mycotoxin contamination in peanuts, figs, Brazil nuts and
wheat, and in field trials researching artificially contaminated corn
(ZORLUGENC et al., 2008; MCDONOUGH et al., 2011; SCUSSEL et
al., 2011; SAVI et al., 2014).

The major advantage of Os treatment is related to the molecular
oxygen decomposition without leaving residues. The US Food and Drug
Administration (FDA) classifiesO; for treating bottled water as
generally recognized as safe (GRAS) (FDA, 1982), and it has been
affirmed as GRAS for use in food processing (GRAHAM, 1997).
Moreover, the Food and Agriculture Organization (FAO, 1994)
recognizes the potent disinfectant characteristics of Os.

Based on that, the objective of this study was to evaluate the
efficacy of the O3 treatment in five species of Fusarium and, in addition,
investigate the effect of O3 in the malting barley seed germination.

2 MATERIALS AND METHODS
2.1 MATERIAL
2.1.1 Samples
About 30kg of malting barley grains were obtained from the

Brazilian Agricultural Research Corporation (Embrapa Wheat). They
passed through cleaning and drying (maximum 60°C) processes in the
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storage unit prior delivering to UFSC. Then, they were packaged in a
polyethylene bag and stored at 4°C for analysis.
2.1.1 Fungi strains, culture media and others

(a) Fusariumspecies (F. graminearum, F. verticilioides,F. poae,
F. oxyporum, F.semitectum) were obtained from the culture collection
of the Laboratory of mycotoxicology and food contaminants in the
Federal University of Santa Catarina. (b) Culture media: potato
dextrose agar (PDA) and bacteriology peptone were purchased from
Himedia (Curitiba, PR, Brazil). Others: tween 80 from Himedia
(Curitiba, PR, Brazil).

2.1.2 Instruments

Microbiological incubator, Quimis (Diadema, SP, Brazil),
autoclave, Phoenix (Araraquara, SP, Brazil); stomacher, Marconi
(Piracicaba, SP, Brazil); microwave oven, Philco (Sao Paulo, SP,
Brazil); laminar flow cabinet, Veco (Campinas, SP, Brazil), caliper,
Mitutoyo (Illinois, US) and colony counter, Phoenix (Araraquara, SP,
Brazil).

2.2 METHODS
2.2.1 Samples Fusarium inoculation

Portions (25g) of malting barley samples were inoculatedwith a
different Fusarium strains through a solution of Tween 80 (10ml)
previously prepared, containing 3.3x10°ml of F. semitectum spores,
7x10°mlof F. verticiloides spores, 1x10*ml of F. graminearum spores,
8.5x10"ml of F. oxysporum spores and 4.1x10°ml of F. poae spores. The
spores of each specie were count by means of the Neubauer chamber.

2.2.2 Ozone gas treatment

Laboratory silo preparation: the laboratory silos were prepared
(25 cm x 10 cm length x diameter) with two apertures: one for the input
of Oz gas (bottom) and one for the output (top). The silos were filled
with 400 g of malting barley grains.

The Ozgas was applied into pilot cylinders (12 for each
Fusarium specie), divided into Control (no O3 gas) and Treated groups
with different concentrations (Group I: 40 ppm and Group Il: 60 ppm).
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They were gas exposed during different length of time: 30 min, 60 min,
120 min and 180 min, in a room at 25 £ 0.5 °C.

O; application: the O3 gas generator system followed the procedures
detailed by Giordano et al. (2012) with minor modifications. First, the
compressed air pump was connected to a device responsible for clearing
the air impurities and, consequently, getting rid of solid particles and
humidity. The filtered air was then driven to the adjusted flow meter at
1 L/min and the O3 generator was calibrated to reach a concentration of
40 or 60 ppm.

The O3 production by the generator (5-60 ppm) used the corona
discharge process, in which an electrical discharge caused by the
passage of air or pure oxygen (O,) between the two electrodes generates
the conversion of O, to Os.Therefore, the O3 gas produced was injected
through a tube into the input aperture of each test chamber while the
control chambers were ventilated with “room air” at the same flow rate
(1 L/min).

Measuring the Oz concentration: it was carried out by the
iodinemetric titration test from the output of the O3 generator. The gas
was bubbled into potassium iodide solution (50 mL) acidified with
2.5 mL of sulfuric acid 1 N (pH below 2.0) and titrated with sodium
thiosulfate (0.005 N) using a starch solution as the indicator (APHA,
1999).

Based on these analyses, the most effective concentration
against the Fusarium species (60 ppm for 180 min) was chosen for
further physical analysis.

2.2.3 Mycological analyses

The enumeration technique was applied to evaluate the total
fungi load (Silva et al., 2010). Each barley sample (25g) inoculated was
added to a peptone (0.1%) under sterile conditions. The mixture was
stirred in a stomacher for 2 min and dilutions (10, 102, 10 % and 1074)
obtained. Aliquots of each dilution were spread (in duplicate) on surface
of PDA medium containing chloramphenicol and incubated for up to 7
days at 28 °C in the dark. The results were expressed in colony forming
units per gram (CFU/qg).

2.2.4 Seed germination

The malting barley seed germination was examined before and
after O; treatment according to the method proposed by the International
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Seed Testing Association (1985). The seeds were allowed to germinate
between two blotter paper layers at 25-27 °C for 8 days and the
percentage of germination was calculated. The tests were repeated four
times and the averages were recorded.

2.2.5 Statistical analysis

All data were evaluated through the analysis of variance
(ANOVA) and the Bonferroni as post-test. Here, the main results were
expressed in terms of mean + standard deviation and values of p< 0.05,
p<0.01, and p<0.001 were considered statistically significant.

3 RESULTS AND DISCUSSION

From the Osgas treatments (different times and concentrations)
on the 5 species of Fusarium spores, it was possible to observe
susceptibilities among them (species) including variation on the two Os
concentrations effectiveness. On the other hand, the O; gas treatment
effect on barley grain germination capacity was possible.

3.1 MYCOLOGICAL ANALYSIS AFTER O;TREATMENT

Firstly, it is clear that all species had a decrease in their
availability after the O3 treatments (min reduction 8.2%, max reduction
93.3%). Figura 1.

In the case of F. verticilioides, (Figura 1 b) there was a significant
reduction at 30, 120 and 180min of viable spores, highlighting 120
(P<0.001) and 180min (P<0.05) in both concentrations. The current
study was similar to research proposed by Mylona et al., 2014
concerning F. verticilioides, inoculated conidia in maize. The results
demonstrated that in both concentrations used (100ppm and 200pm) the
total of fungal CFUs/g was significantly reduced. In the same study, the
treatments were also carried out in vitro, and the exposure showed an
immediate effect (100%) after 30min of treatment at 200ppm
(MYLONA et al., 2014).Additionally, in a previous study by Savi and
Scussel., 2014in vitro showed good efficacy against F.
verticillioidesspores and slight inhibition of mycelial growth with some
morphological changes in hyphal permeability.

In contrast, for F. graminearum, (Figura 1 c) the O3 treatment was
significantly effective at 60, 120, 180min, emphasizing 120 min in both
concentrations (P<0.05-40ppm, P<0.01-60ppm). This represents a 66.7
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and 92.6% reduction, respectively. Furthermore, only at 180min at
60ppm (p<0.05) did the availability of the spores show a decrease,
representing a 90 % reduction.The same idea can be seen in a study
proposed by Kottapalli et al., 2005 in malting barley, which showed a
significant reduction, which represented 24 - 36% at a concentration of
11 and 26mg/g, respectively, for 15min. Furthermore, in another in vitro
study, it was verified that F. graminearum exposed for 60min at 60ppm
did not show any growth until the eighth day of incubation (SAVI;
SCUSSEL, 2014).

Considering F. semitectum (Figura 1 a), this species were
significantly reduced after 60min, 120min and 180min in both
concentrations, 40ppm and 60ppm of O3 treatment, compared with the
control group.

Regarding F. oxysporum (Figura 1 d),it can be seen from the
chart thatthere were significant reductions of the viable spores at 30, 60
and 120min, with a more accentuated decrease after 120min of exposure
at 40ppm (p<0.001), representing a 66.3% reduction.

Finally, the last Fusarium species treated in malting barley was F.
poae (Figura 1 e). The exposure time and concentration that showed the
most significant reduction on the viable spores were at 60, 120 and
180min, at both concentrations. All reductions were statistically
significant (P<0.01), compared to the control group. It is necessary to
mention that this specie demonstrated the greatest decrease (93.3%)
compared to the other species.

To our knowledge, no previous studies in the literature have
examined the efficacy of O3 treatment in F. semitectum, F. oxysporum
and F. poae. In summary, the data discussed on O3 exposure showed
some promising results on all Fusarium species studied in malting
barley, emphasizing high levels of decontamination compared to some
studies.

Figures 1 and 2. show data obtained on the O3 gas effects on
each Fusarium species (at different times of exposure and
concentrations) and barley grain germination respectively.
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Figure 1. Ozone gas effects on 5 differentFusarium species during 30 to 180
min exposure time, at concentrations of 40 and 60 ppm(a) F. semitectum, (b) F.
verticilioides, (c) F. graminearum, (d) F. oxysporum, (e) F. poae).

[* P <0.05; ** P <0.01; *** P < 0.001]
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3.2 0O3GAS EFFECT ON MALTING BARLEY SEED
GERMINATION

Regarding the malting barley seed germination after the Os
treatment (which is an important and expected feature for breweries
grain selection), no effect was observed after 120 min of exposure at the
concentration of 60 ppm. Therefore, the expected seed germination
capacity was kept to its minimum (95%), and was in accordance with
the regulation. Figure 2shows the Control and Treated seeds
germination with similar length of seminal root and coleoptiles,
reaching a mean for Control group of 3.4 mm and 29 mm respectively,
and for Treated group 4.4 mm and 33.4 mm, respectively. Other
surveys have reported similar results with Ostreatments, which showed
no effects on malting barley germination (ALLEN et al., 2014).
Considering other studies with O3 in grains (wheat), the treatments also
did not affect the germination (SAVI et al., 2014). In addition, the
germination capacity can only be influenced by high concentrations of
O3 at long times of treatment (ALLEN et al., 2014).

(a) (b)

Figure 2. Malting barley (Hordeum vulgare L.) seed germination (a) Control
(no O3) and (b) O3 treatment at 60ppm for 180min.



129

4 CONCLUSION

The experimental results showed that the O3 was able to effectively
inactivateall Fusarium species with the conditions applied in the current
study with malting barley. The specie that was more susceptible (high
reduction) to O3 gas was F. poae, with 93,3% inhibition (60 ppm at 180
min), followed by F. graminearum with 92.6% (60 ppm at 120 min).
Taking into account the Oseffect on malting barley germination after O3
exposures, no effects were observed in the grains, neither in the
coleoptiles or seminal roots.

According to the current study, it is possible to mention that the O
gas has a strong antifusarium effect and may be a promising green
procedure, with potential applications in grain postharvest and in the
food industry.
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CAPITULO 5

ANALISE MICROESTRUTURAL E FISICO-QUIMICA
CULTIVARES BRASILEIROS DE CEVADA (Hordeum vulgare
L.)CERVEJEIRA
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RESUMO

A cultura de cevada ¢ usada principalmente para aplicagdes de malte e
cerveja e seu uso industrial tem tido um crescimento continuo,
principalmente, devido a sua importancia econdémica para a inddstria
cervejeira. Com base nisso, é importante ressaltar a qualidade do gréo e
do malte produzido correspondente. Um fator determinante principal no
que diz respeito a qualidade do grdo € a composicao estrutural do cereal.
Tal fator é principalmente associado com a capacidade de germinacéo,
producdo de enzimas, contetido de proteinas, bem como os constituintes
celulares do endosperma. Por estas razdes, o objetivo do presente estudo
foi verificar as diferencas entre genotipos de malte de cevada
considerando as caracteristicas fisico-quimicas e microestruturais. Os
genotipos apresentaram menores quantidades de amido do que o
esperado, variando entre 45,99-51,86 g / 100 g, e as quantidades de
proteina estavam de acordo com a legislacdo, com valores que variaram
entre 9,72 e 11,82%. O cultivar BRS Brau teve as caracteristicas de
melhor qualidade para a cevada em comparacdo com 0S outros,
destacando, elevado teor de amido, com mais presenca de granulos tipo-
A e baixas quantidades de proteina.

ABSTRACT

The barley culture is used mainly for malting and brewing applications
and its industrial use has experienced continuous growth mainly due to
its economic importance for malt and beer production. Based on this, it
is important to emphasize the quality of the grain and the corresponding
malt produced. A major factor determining grain quality is the structural
composition of the mature cereal. This is associated mainly with the
germination capacity, enzyme production, protein content as well as the
cellular constituents of the endosperm. For these reasons, the objective
of the present study was to verify the differences between malting barley
genotypes in their physical and chemical characteristics and
microstructure. In general, the genotypes presented lower quantities of
starch than expected ranging from 45.99 to 51.86 ¢/100g, and the
amounts of protein were in agreement with the regulations with values
ranging 9.72 to 11.82%. Under the scanning electron microscope, the
lines showed no differences in the degree of the starch-protein
association and the continuity of protein matrix. The BRS Brau had the
best quality characteristics for malting barley comparing to the others,
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highlighting, high starch content with more presence of starch A-type
granules and low amounts of protein.

1INTRODUCAO

A cevada (Hordeum vulgare subsp. vulgare) é considerada um
dos cereais mais importantes do mundo, com uma produgdo global
estimada acima de 141 milhdes de toneladas distribuidas em
aproximadamente de 50 milhdes de hectares em 2013 (USDA, 2014).

A cultura é usada principalmente para aplicacdes de malte e
cerveja e seu uso industrial tem mostrado um crescimento continuo,
principalmente, devido a sua importancia econdémica para a industria
cervejeira (OLIVEIRA et al., 2012).

Com base nisso, é importante ressaltar a qualidade do gréo e do
malte correspondente. Um fator determinante no que diz respeito a
qualidade do grdo é a composicdo estrutural do cereal. Isso, €
principalmente associado com a capacidade de germinacao, producdo de
enzimas, o conteido de proteinas, bem como dos constituintes celulares
do endosperma (MUNCK, 1991).

As fibras de proteina do endosperma podem afetar a qualidade
de cevada, retardando o processo de maltagem. No caso das fibras, pode
causar um aumento no tempo necessario para a maltagem, e também ser
responsaveis por problemas como dificuldade durante o processo de
filtracdo, e consequentemente a turvacdo do produto final (PALMER,
1989). Para a eficiéncia de maltagem, os grdos de cevada devem
fornecer uma quantidade baixa de B-glucanas e de proteina, elevado teor
de amido para aumentar o rendimento, elevada atividade enzimatica e de
germinacgdo para garantir a degradacdo do endosperma. (BRENNAN et
al., 1997).

Os aspectos acima mencionados sdo influenciados
principalmente pela variacdo climatica e fatores genéticos. As
temperaturas elevadas podem acelerar o desenvolvimento de plantas
com um efeito negativo sobre o grdo (BERTHOLDSSON, 1999;
NILSSEN ANKER et al., 2006) na fase de maturagdo. Em climas secos
e quentes, o contedo de proteina pode aumentar e, por conseguinte,
causar dureza do endosperma, o que ¢ indesejavel, tanto para a producéo
guanto para a qualidade do processamento do malte e da cerveja
(PALMER, 1989; ANKER-NILSSEN et al., 2006).

Para evitar perdas econémicas para a industria cervejeira devido
a fatores, a selecdo da matéria-prima é fundamental (AASTRUP;
ERDAL, 1980; MUNCK, 1991). A microestrutura do endosperma e as
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caracteristicas fisico-quimicas devem ser levados em consideragdo para
otimizar a atividade de enzimas (PALMER, 1989), melhorando o
processo de producdo da cerveja e, consequentemente, a qualidade do
produto final.

De acordo com as normas brasileiras, a cevada deve apresentar
caracteristicas, como o poder de germinacao de no minimo 95%, teor de
proteinas inferior a 12% e teor de umidade inferior a 13%. No Brasil, a
causa principal e mais importante de desqualificacdo para 0 malte é o
baixo indice de germinacdo devido as chuvas durante a colheita
(BRASIL, 1996).

Desta forma, o objetivo do presente estudo foi verificar as
diferencas entre genétipos de malte de cevada cultivada no Brasil, de
acordo com as caracteristicas fisico-quimicas, microestruturais e, além
disso, associa-los com o seu potencial para a produgdo de malte.

2. MATERIAIS E METODOS
2.1 MATERIAIS
2.1.1 Amostras

Um total de cinco gendétipos de cevada recomendadas para
cultivo no Brasil (BRS Brau, BRS Caué BRS Elis, BRS Korbel e PFC
2.008.058), provenientes da colheita de 2013, foram coletados.Cada
amostra foi limpae moida em um moinho equipado com uma tela de 0,5
milimetros, de acordo com o método oficial daAmerican Association of
Cereal Chemists(AACC, 1995). As amostras foram armazenadas a -20°
C para analise.

2.2 METODOS
2.2.1 Analises fisico-quimicas consideradas:

Proteina, B-glucanas, cinzas, composicdo de amido, umidade e
atividade de agua (aw).

As analises de proteinas e P-glucanas foram realizadas de
acordo com os métodos oficiais da AACC (46-12 [/ 32-23,
respectivamente) e da Association of Official Analytical Chemists
(AOAC, 2005). Os resultados foram expressos em g / 100 g (base seca).
No que diz respeito a composi¢do de amido, as amostras foram
analisadas usando o método proposto pela AOAC 996,11 (2005). Para



138

teor de umidade, o0 método gravimétrico foi aplicado (AOAC, 2005).
Para determinar aw, os grdos de cevada (2 g) foram submetidos a um
equipamento Aqua-Lab 4TE.

2.2.2 Microscopia Eletrénica de Varredura (MEV)

Para realizar as andlises de microestrutura, os grdos de cevada
secos foram descascados e quebrados manualmente em duas metades,
para assegurar suas estruturas intactas. As amostras foram fixadas em
bases de aluminio do MEVcom fita dupla face de carbono para posterior
revestimento com uma camada de ouro de 350 A. Em seguida, as
amostras foram examinadas usando o microscopio eletrbnico de
varredura JEOL (Peabody, MA, EUA), operado a 5 kV com uma
distancia de trabalho de 15 milimetros.

2.2.3 Andlise estatistica

Os resultados foram analisados usando o software Sistema
Statistica, versdo 7.0 e foram expressos em média e desvio padrdo. O
nivel de diferenca significativa de 95% (P < 0,05) entre os genotipos de
cevada de malte foi calculado por meio do Teste de Duncan. Todos os
testes foram realizados por pelo menos duas vezes.

3 RESULTADOS E DISCUSSAO
3.1 ANALISES FiSICO-QUIMICAS

Primeiramente, no que diz respeito a legislagdo, é importante
ressaltar que o teor de proteina da cevada deve ter valores inferiores a
12%, a fim de ser considerada uma boa fonte para a producdo de
cerveja. No presente estudo, os resultados de proteina dos cinco
genotipos de malte de cevada, estavam de acordo com a legislacdo
brasileira (BRASIL, 1996), com valores que variam entre 9,72-11,82%
(Tabela 1). Além disso, o estudo mostrou semelhancas com os estudos
de Brennan et al (1996). Por outro lado, em outra pesquisa realizada no
Brasil em 2007, diferentes genétipos apresentaram valores mais
elevados (variando 12,4-14,5%) em comparagdo com os cultivares
recomendados atualmente. (SOARES et al., 2007).

Considerando o teor de amido, a maior parte dos estudos com
cevada cervejeirademonstra que este € o principal componente que
determina qualidade na producdo de cerveja. Os dados do presente
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estudo variaram entre 45,99-51,86 g / 100g (Tabela 1) e estes foram
menores do que o esperado (60 g / 100 g), considerando a legislacdo e
estudos anteriores (MACGREGOR; FINCHER, 1993). Além disso, o
teor de amido pode ser positivamente associado com uma melhor
qualidade do malte. (TSCHOPE; NOHEL, 1999; MACGREGOR,;
FINCHER, 1993).

No que diz respeito asp-glucanas, as variacGes encontradas
entre 0s genotipos sdo o resultado das diferencas genéticas e ambientais.
Esta propriedade pode ser utilizada pela inddstria de malte na escolha de
cevada para produgdo de malte (ELFVERSSON et al., 1999;.
ANDERSSON et al., 1999). De acordo com Aastrup e Erdal (1980),
asP-glucanassdo o principal componente responsavel pelo atraso no
processo de filtracdo e a turbidez da cerveja. No entanto, no presente
estudo, os gendtipos estavam de acordo com 0s parametros esperados
(3,02 4,59 /100g) (PALMER, 1989), variando entre 3,00-3,96 g / 100g
(Tabelal).

Com base nos dados de umidade e atividade de dgua, ambos 0s
resultados estavam de acordo com a legislagdo brasileira com valores
que variaram entre 11,58-12,09 e 0,60-0,61, respectivamente. Isto
demonstra que estas variedades ndo eram propensas a contaminacéo
fangica, por exemplo. Além disso, vale comentar que a contaminagdo
fangica pode diminuir a disponibilidade de amido (ARCHER,;
PEBERDY, 1997).

Com base nos resultados mencionados anteriormente, 0s
genotipos apresentaram resultados satisfatérios em relagdo a maior parte
dos parametros fisico-quimicos avaliados. E necessario comentar que
apenas os niveis de amido estavam abaixo dos limites esperados. Isto
pode estar relacionado com as condi¢des ambientais de crescimento, tais
como o clima e da temperatura (ANKER-NILSSEN et al., 2006). Além
disso, os parametros genéticos podem também estar relacionados.

Comparando 0s parametros entre os genotipos, o teor de
proteina de BRS Caueg, foi considerado significativamente maior do que
0s outros. No mesmo contexto, os resultados de amido mostraram uma
diferenca significativa entre as amostras. p-glucanas, teor de umidade e
atividade de dgua ndo apresentaram diferencga. As estatisticas descritivas
estdo descritas na Tabela 1.
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Table 1. Média da composicdo quimica de 5 gen6tipos de cevada cervejeira do Brasil. (g/100g ind.b).

Protein

Genotype (N x 5.83) Starch Ash B-glucans Moisture content Water activity
BRS Elis 10.07+0.04% 45,99 +0.001° 2.17 £ 0.04% 3.00+0.93° 12.09+0.20° 0.60 +0.02°
BRS Brau 9.72 + 0.54° 51.60 + 0.48% 2.19 +0.01* 3.96 + 0.60° 11.97 +0.01°2 0.61+0.03*
PFngOSO 9.90 + 0.14° 51.86+2.89°  254+008  376+015°  11.87+063°  0.61+0.03°

KEc’)lrQbSel 10.09 +0.13% 50.68 £ 1.27,, 2.16 +0.07% 3.53+0.07° 11.58 +0.44° 0.61+0.02°
BRS Caué 11.82 +0.37° 47.94 + 0.36™ 2.29+0.13% 3.94 +0.32° 11.93 +0.02° 0.60 +0.02°

Means with different letters in the same column are statistically different with significant levels of 95% (P = 0.05).
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3.2 MICRO-ESTRUTURA DOS GENOTIPOS DE MALTE DE
CEVADA

Todos 0s genotipos de cevada de malte apresentaram padrdes
semelhantes de tamanho das células e distribuicdo sob o SEM. No que
diz respeito a estrutura dos graos, eles sdo compostos do endosperma
amilaceo, a qual mostraram tanto granulos de amido do tipo A quanto
do tipo B. No entanto, é possivel destacar que alguns genotipos
apresentaram mais quantidades de amido do tipo A do que o amido de
tipo B. Considerando o malte e, consequentemente, a producdo de
cerveja, a qualidade dos grdos depende principalmente da quantidade de
granulos de amido do tipo-A, para que possa ser considerado adequado
e de qualidade. (BRENNAN et al., 1997). Comparando as micrografias
com as analises fisico-quimicas, o genétipo BRS Elis apresentou a
menor quantidade de amido e PFC 2008058 a maior quantidade.

O gendtipo BRS Brau apresentou imagens com alta quantidade
de amido, destacando principalmente granulos de amido do tipo
A.Comparando a quantidade de amido tipo A, BRS Brau apresentou
maior quantidade do que BRS Caue, € 0s granulos eram maiores. Além
disso, BRS Brau mostrou ter paredes celulares espessas.

Considerando PFC 2008058, como mencionado anteriomente,
este gendtipo mostrou niveis elevados de amido e os granulos de amido
de tipo A s@o menos abundante do que o amido de tipo B no seu estudo
micro-estrutural.

Quanto a associagdo de amido-proteina e continuidade da
matriz protéica, os genétipos mostraram semelhanca nesses aspectos.
Verificou-se que 0s gendtipos, principalmente BRS korbel, tém uma
associacdo de amido-proteina forte, onde os grandes e pequenos
granulos de amido sdo enterrados numa matriz de proteina ndo-uniforme
e altamente irregular. Este tipo de estrutura é indesejavel porque pode
atrasar 0 processo de maltagem (Palmer, 1989).
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5kV X500 . 50pm

5kV X500 pm

FIGURA 1. Microestrutura dos genétipos de cevada cervejeira: a) Elis; b)
Brau; ¢) PFC; d)Korbel; e) Caue. P= Proteina; CW= Cell wall; SA: starch A-
type; SB: starch B-type.
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4 CONCLUSAO

A composi¢do quimica dos genotipos de cevada cervejeira
estudadas, foram confirmadas pela analise microestrutural. Em geral, os
genotipos apresentaram menores quantidades de amido do que o
esperado, contudo as quantidades de proteina estavam de acordo com os
regulamentos.

Sob o MEV, os cultivares ndo apresentaram diferengas no grau
de associagdo proteina amido e da continuidade da matriz protéica. BRS
Brau apresentou caracteristicas de melhor qualidade para o malte em
comparagdo com 0s outros, destacando, elevado teor de amido, com
mais presenca de amido A-tipo granulos e baixas quantidades de
proteina.

Finalmente, o estudo contribui para a compreensdo da
composicdo e propriedades fisicas dos genotipos de malte de cevada
brasileiros cultivados atualmente e podem sugerir mais pesquisas para o
melhoramento genético do cultivares de cevada cervejeira.
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CONSIDERACAES FINAIS

e As concentragfes de DON e FBs encontradas nas cervejas
artesanais foram provavelmente oriundas da cevada cervejeira
utilizada para a fabricacédo da cerveja.

e As micotoxinas mostraram-se estaveis durante o processamento
da cerveja.

e A eliminacdo de ambas as toxinas deve ser considerada pela
inddstria, por razdes de qualidade e seguranca.

e Os resultados do estudo podem ajudar na escolha de uma
melhor matéria prima, para que ndo ocorram problemas de
qualidade do produto final, bem como para seguranga dos
consumidores.

e O gas ozbnio demonstrou ser efetivo no crescimento das
espécies de Fusarium estudadas, e pode ser uma técnica
promissora na poés-colheita de grdos e na indUstria, com
potenciais aplicacoes.

e O estudo com o0s 5 gendtipos recomendados para cultivo no
Brasil, podem sugerir mais pesquisas para 0 melhoramento
genético de cevada cervejeira.
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Beer is an alcoholic beverage consumed on a regular basis by many people around the world. Conse-
quently, beer quality and, specifically, its impact on the future health of the consumer must be considered
seriously. One issue is the action of mycotoxins and their impact on the beverage. In this sense, the
objective of the present study was to determine the occurrence of Deoxynivalenol (DON) and Fumonisin
By (FBy) in many artisanal beers from southern Brazil and, additionally, to evaluate their physico-
chemical properties.

The methods applied for physic-chemical characteristics were from the ADAC and Adolfo Lutz Insti-
tute, The analyses for mycotoxins were conducted using high performance liquid chromatography with
fluorescence detection for fumonisin B; and ultraviolet detection for deoxynivalenol. The physic-
chemical results were in agreement with some studies and with Brazilian regulations. DOM and FBq
were present in 32 and 15.09% of the samples, respectively. The concentrations found in craft beer from
southern Brazil were probably caused by the widespread and high occurrence of these toxins in barley.
Furthermore, the level of mycotoxins seem to be wvery stable during the brewing process.
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