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Resumo

Os objetivos do presente trabalho foram estudar a qualidade microbioldgica de frutas
minimamente processadas (FMP), o crescimento de microrganismos patogénicos em
pera 'Rocha' e o efeito da iluminacdo Ultravioleta-C (UV-C) e agua electrolisada acida e
neutra (AE), enquanto métodos de desinfecdo, de maca 'Golden' e pera 'Rocha'. As
populacbes de microrganismos aerdbios meséfilos e psicrotroficos, bactérias acido-
lacticas (BAL), coliformes, fungos, Staphylococcus aureus, Salmonella spp. e Listeria
monocytogenes foram estudadas em 240 amostras de FMP (macd, abacaxi, manga,
papaia, meldo, meldo Cantaloupe, meldo Galia e melancia). O nudmero de
microrganismos mesoéfilos e psicrotroficos variou de 3,0-9,2 e 2,2-10,7 log ufc/g,
respetivamente, de BAL de 1,9-9,0 logufc/g e de fungos de 2,3-10,4 log ufc/g.
Escherichia coli, Salmonella spp. e L. monocytogenes nunca foram detetadas mas 0s
coliformes estiveram presentes na totalidade das amostras. E. coli, Salmonella enterica
e Listeria spp. cresceram em pera com taxas especificas de crescimento elevadas a 12°C
(1,94-2,6 dia™) e a 20°C (2,68-3,08 dia?), atingindo populages microbianas de 8,1-8,6
log ufc/g, em 24 h. A 4°C observou-se crescimento exponencial apés fases de adaptacao
inferiores a 24 h para Listeria spp. e a 8 dias para as enterobactérias. A iluminacdo UV-
C revelou-se um método muito eficaz de descontaminacdo de FMP tendo causado
reducdes de 1,0-3,4 log ufc/g nas populacdes de E. coli, S. enterica e Listeria spp. em
macas e peras minimamente processadas enquanto que a AE resultou em reducgdes
semelhantes as obtidas com hipoclorito de sodio (=1 log ufc/g) tradicionalmente
utilizado na industria. A dose de UV-C 7,5 kd/m?, foi a que originou reducdes
microbianas maiores. Nenhum dos métodos de descontaminacdo utilizados produziu
alteracfes significativas da qualidade das FMP. Os resultados alertam para a
importancia da prevencdo da contaminacdo, da aplicacio de métodos de
descontaminacdo eficazes e do controlo das condicdes de refrigeragdo durante o

processamento e comercializagdo de FMP.

Palavras chave: qualidade microbiolégica de fruta minimamente processada,
Escherichia coli, Listeria monocytogenes, Salmonella enterica, agua electrolisada,
Iluminag&o Ultravioleta-C



Abstract

The objectives of this study were to investigate the microbiological quality of minimally
processed fruits (MPF), the growth of foodborne pathogens in 'Rocha’ pear and the
effect of Ultraviolet-C (UV-C) illumination and electrolyzed water (EW), acidic and
neutral, as disinfection methods of 'Golden' apples and 'Rocha’ pears. Mesophilic and
psychrotrophic aerobic microorganisms, lactic-acid bacteria (LAB), coliforms, fungi,
Staphylococcus aureus, Salmonella spp. and Listeria monocytogenes were studied in
240 samples of MPF (apple, pineapple, mango, papaya, melon, Cantaloupe melon,
Galia melon and watermelon). The number of mesophilic and psychrotrophic
microorganisms ranged from 3.0-9.2 and from 2.2-10.7 log cfu/g, respectively, of BAL
from 1.9-9.0 log cfu/g and of fungal from 2.3-10.4 log cfu/g. Escherichia coli,
Salmonella spp. and L. monocytogenes were not detected, although the coliforms were
found in all the fruit samples. E. coli, Salmonella enterica and Listeria spp. grew in pear
with high specific growth rates at 12°C (1.94-2.6 day™) and 20°C (2.68-3.08 day™),
reaching microbial populations of 8.1-8.6 log cfu/g in 24 h. At 4°C exponential growth
was observed after adaptation phases less than 24 h for Listeria spp. and 8 days for
enterobacteria. UV-C light appeared to be the most effective method of decontamination
of MPF having caused microbial reductions from 1.0 to 3.4 log cfu/g in the populations
of E. coli, S. enterica and Listeria spp. on minimally processed apples and pears, while
the AE resulted in microbial reductions similar to those obtained with sodium
hypochlorite (=1 log cfu/g), traditionally used in the industry. In general, the UV-C dose
of 7.5 kJ/m? caused the highest microbial reductions. None of the disinfection methods
used resulted in significant alterations in the quality of MPF. The results highlight the
importance of preventing contamination, selecting an adequate decontamination
technology and maintaining a strict temperature control during processing, distribution

and selling of minimally processed fruits.

Keywords: Fresh-cut fruit microbiological quality, Escherichia coli, Listeria

monocytogenes, Salmonella enterica, electrolyzed water, Ultraviolet-C illumination
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Plano geral da tese

A presente tese é constituida por 6 capitulos sendo o primeiro uma revisdo bibliogréfica
geral, 4 capitulos organizados em artigos cientificos (2 publicados e 2 submetidos) onde
se descreve o trabalho de investigacdo realizado e um capitulo de considerac@es finais,

conclusdes e perspectivas futuras (Capitulo V1).

No primeiro capitulo (Capitulo 1) apresenta-se o contexto e &mbito dos temas em
estudo, enquadrados no conhecimento cientifico existente, resultante de pesquisa
bibliografica. Procurou-se dar énfase aos aspetos que contribuissem para o melhor
enguadramento dos objetivos e compreensdo das estratégias selecionadas para atingir

esses objetivos.

O Capitulo II corresponde ao artigo intitulado “Evaluation of microbial quality and
yeast diversity in fresh-cut apple” publicado no jornal “Food Microbiology”, que
reporta a qualidade microbioldgica da ma¢d minimamente processada comercializada
no mercado do Algarve, em diferentes tipos de comércio. Para tal, estudaram-se os
parametros de qualidade microbiolégica (microrganismos aerobios mesofilos e
psicrotroficos, bactérias acido-lacticas, fungos filamentosos e leveduras e coliformes
totais) e de seguranca alimentar (Escherichia coli, Salmonella spp. e Listeria
monocytogenes). Tendo em conta a importancia da populacdo de leveduras na macé
identificou-se uma amostra significativa dos isolados obtidos.

O Capitulo 11 integra o manuscrito “Study of the microbiological safety of minimally
processed fruits commercialized in the South of Portugal”, cujo objetivo foi estudar a
qualidade microbioldgica de fruta minimamente processada comercializada no Algarve.
Estudaram-se os parametros de qualidade microbioldgica e de seguranca alimentar
referidos no Capitulo Il num conjunto de amostras de fruta (abacaxi, manga, papaia,
meldo, meldo Cantaloupe, meldo Galia, melancia, morangos e saladas de frutas).
Determinou-se também o nivel de alguns grupos microbianos em amostras de fruta
armazenada a temperaturas de refrigeracdo depois do prazo de validade ter sido
ultrapassado e compararam-se os valores obtidos com os de fruta estudada antes de

terminado esse limite.

No Capitulo IV foi estudado o efeito de iluminacdo UV-C na inativacdo de E. coli,
Salmonella enterica e L. innocua in vitro e em mac¢d minimamente processada. Os

resultados deste estudo foram publicados no artigo “Low dose UV-C illumination as an

Xiv



eco-innovative disinfection system on minimally processed apples” no jornal

“Postharvest Biology and Technology”.

No Capitulo V avaliou-se a capacidade de sobrevivéncia e crescimento de E. coli, S.
enterica e Listeria spp. em pera 'Rocha’. Estudou-se também o efeito da iluminagéo
UV-C e da agua electrolisada &cida e da agua electrolisada neutra, como métodos de
desinfecdo da pera minimamente processada e contaminada. Os resultados estdo
descritos no manuscrito “Growth of Escherichia coli, Salmonella enterica and
Listeria spp., and their inactivation using ultraviolet energy and electrolyzed water, on

fresh-cut 'Rocha’ pear” que se encontra submetido.

Os estudos apresentados nesta dissertacdo para obtencéo do grau de Doutor em Ciéncias
Agrérias, com especialidade em Tecnologia de Alimentos, resultaram do trabalho de
investigagcdo desenvolvido entre 2011 e 2015, na Universidade do Algarve. Estes
estudos foram apoiados pela Fundagdo para a Ciéncia e Tecnologia, através da bolsa de
doutoramento com a referéncia SFRH/BD/76745/2011. O trabalho experimental foi
realizado no ambito do projeto de investigacdo “A novel approach to control pathogen
contamination and enhance safety and quality on fresh-cut fruit” (SafeFCF)
PTDC/AGR-ALI/111687/2009.

Os resultados descritos nesta dissertacdo, aléem de publicados em revistas internacionais,
também foram divulgados em congressos cientificos nacionais e internacionais sob a

forma de comunicagdes orais e em painel.
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Capitulo I - Introducéo

1. Introducéo

Em 2004, um painel de peritos da Organizacdo das NacOes Unidas para a Alimentagéo e
a Agricultura (FAO) e da Organizacdo Mundial de Saude (OMS) recomendou um
consumo minimo diario de 400 g de frutas ou vegetais frescos para a prevencdo da
deficiéncia de micronutrientes e de doencas cronicas. Os frutos e 0s vegetais sdo
constituintes essenciais de uma dieta saudavel pois representam uma fonte de vitaminas
e outros nutrientes, cuja ingestdo poderd diminuir o risco de desenvolvimento de
doencas cardiovasculares, diabetes e certos tipos de cancro. Esta estimado que um
aumento do consumo de fruta e vegetais podera contribuir para a prevencao de 2,7
milhdes de mortes anualmente (FAO/WHO, 2005).

Os dados estatisticos referentes ao consumo de fruta em Portugal permitiram concluir
que houve uma diminuicdo de 9,5 % entre 2008 e 2012 (INE, 2014). Esta diminuicéo
pode ser devida ao facto de, atualmente, muitas refeicdes serem feitas fora de casa,
sendo mais facil optar por "comida rapida" o que pode tornar o acesso a alimentos de
origem vegetal frescos mais dificil. Os produtos minimamente processados (PMP),
nomeadamente as frutas minimamente processadas (FMP), prontos a ingerir poderao ser

uma boa alternativa para o consumo de fruta fresca fora de casa.

A International Fresh-Cut Produce Association (IFPA) define PMP como frutas ou
vegetais que sofreram alteracfes fisicas mas mantém o seu estado fresco e as
propriedades naturais dos alimentos inteiros dos quais derivaram. Estes alimentos,
também designados como produtos de IV gama, sdo cortados e/ou descascados em
produtos 100 % utilizaveis, embalados, e oferecem aos consumidores um alto valor
nutritivo, conveniéncia e sabor (IFPA, 2002). As frutas e os vegetais minimamente
processados sdo alimentos que se encontram crus, prontos a consumir ou cozinhar ndo
sendo submetidos a qualquer tipo de processamento térmico (Oliveira et al., 2015).
Estes alimentos devem ser armazenados, distribuidos e comercializados em condicGes
de refrigeracdo. O seu tempo de vida Gtil ou tempo de prateleira difere consoante o
produto, podendo variar entre 7 e 20 dias se for mantido a temperatura recomendada (<4
°C) (Watada e Qi, 1999).

A industria de PMP surgiu nos Estados Unidos da Ameérica (EUA) para abastecer
hotéis, restaurantes, servicos de catering e outras instituicGes. Estes alimentos estdo

disponiveis nos supermercados desde os anos 40 do século XX. Na Europa, 0s vegetais



Capitulo I - Introducéo

minimamente processados surgiram no inicio da década de 80 em Franca (Rojas-Grau et
al., 2011). O Reino Unido possui, atualmente, o maior mercado de PMP da Unido
Europeia, sendo responsavel por cerca de um terco do consumo total deste tipo de
alimentos na UE (Oliveira et al., 2015).

1.1. Producéo de fruta minimamente processada

O processamento de FMP comporta numa série de etapas que incluem operacbes de
selecdo, lavagem, descasque, corte/reducédo de dimens@es, descontaminacao/desinfecao,
embalagem e armazenamento as quais devem ocorrer em ambiente refrigerado (Figura
1.1) (Corbo et al., 2010). Cada uma das operacOes deve ser efetuada de maneira a
assegurar que a qualidade, o tempo de vida Util e a seguranga microbioldgica do produto
final sejam as maximas possiveis (Gorny, 1996; Oliveira et al., 2015). De forma a
obter-se um PMP microbiologicamente seguro e com propriedades nutricionais elevadas
deve acautelar-se a qualidade da matéria-prima (boas condi¢des de cultivo, colheita e
armazenamento) e a qualidade da &gua de lavagem (&gua potavel) (FAO, 2011; Olaimat
e Holley, 2012).

1.1.1. Selegéo e lavagem

Numa primeira fase, procede-se a uma sele¢do dos frutos onde s&o separados os frutos
sdos e sem defeitos e sdo efetuadas andlises de qualidade (cor, acidez, °Brix, entre
outros). A qualidade de um alimento minimamente processado esta relacionada com a
qualidade do produto inteiro (Watada et al., 1996). O fruto inteiro tem de suportar as
diferentes operac@es unitarias as quais podem provocar stresse resultando num aumento
da taxa de respiracao e emissao de etileno, acelerando a sua degradacédo (Soliva-Fortuny
e Martin-Belloso, 2003). Os frutos num estado de maturacdo avancado ndo sdo
adequados ao processamento minimo pois limitam o seu tempo de vida til. Por outro
lado, os frutos num estado de maturacdo precoce tambeém nédo sao apropriados devido as

suas caracteristicas sensoriais (Watada e Qi, 1999).

A etapa seguinte é a lavagem dos frutos de modo a remover a sujidade proveniente do
campo (residuos de pesticidas, insetos, entre outros). Apés a lavagem, os frutos devem
ser refrigerados de imediato para baixar a sua temperatura interna atrasando assim 0s

processos bioldgicos que levam ao seu amadurecimento (Artés e Allende, 2014).
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Recepcdo e pré-
refrigeracdo

Selegdo e
lavagem

Descasque

Corte

Lavagem e
desinfecgéo

Tratamentos
opcionais

Enxaguamento

Eliminacdo do
excesso de agua

Embalagem

Armazenamento
frigorifico

Comercializagdo

Consumo

Fig. 1.1. Etapas do processamento industrial de fruta minimamente processada (Corbo et al., 2010; Garcia
e Barret, 2005) .

1.1.2. Descasque e corte

O descasque permite a eliminacdo da camada externa nos casos em que esta ndo &
comestivel ou quando a apresentacdo final do alimento assim o exige. Esta operagdo

pode ser manual, mecéanica (descascador mecanico) ou enzimatica. Pode também
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realizar-se recorrendo a agua quente ou vapor sob alta pressdo (Artés e Allende, 2014).
A operacdo de descasque contribui para a reducdo da carga microbiana presente na
matéria-prima. Contudo, como sdo removidas as barreiras exteriores, o alimento fica
mais suscetivel a contaminacGes microbianas que ocorram ap0s 0 processamento
minimo, resultantes de contaminagdes cruzadas ou devidas a um manuseamento
inadequado (Oms-Oliu et al., 2010). Esta operacdo deve ser realizada da forma menos
abrasiva possivel de modo a prevenir a invasdo dos tecidos por microrganismos e evitar

escurecimentos internos (Garcia e Barret, 2005; Corbo et al., 2010).

O corte é uma operacao de reducdo de dimensdes através da qual o produto adquire o
seu aspeto final. O alimento pode ser fatiado, picado, ralado, cortado em cubos ou em
seccOes e estas operagdes podem ser manuais ou mecanicas. A dimensdo do produto
final dependera do uso ao qual esta destinado (FAO, 2011). A utilizacao de utensilios de
corte afiados reduz os danos fisicos fazendo com que o stresse das células seja menor
(Garcia e Barret, 2005; FAO, 2011). Esta operagdo deve ser efetuada com o méximo
cuidado higiénico e todos os utensilios devem estar limpos e desinfetados de maneira a

minimizar potenciais contaminag¢6es microbianas (FAO, 2011; Oms-Oliu et al., 2010).

1.1.3. Lavagem e desinfecéo

As operagdes de lavagem e desinfecdo sdo realizadas, normalmente, em simultaneo.
Para tal, adicionam-se agentes antimicrobianos a agua onde decorrem as lavagens sendo
esta a Unica etapa de reducdo da carga microbiana existente durante o processamento
dos PMP/FMP (Corbo et al., 2010; Gil et al., 2009).

A lavagem pode ser feita por pulverizacdo com &gua, embora geralmente envolva a
imersdo do fruto, durante um periodo de tempo pré-estabelecido, em agua refrigerada
(1-10 °C), em tanques que contém uma concentracao entre 50 e 200 ppm de cloro livre,
acidificada com &cido citrico (150-200 ppm) de maneira a manter o valor do pH entre
6,5 e 7,5 para se obter uma atividade antimicrobiana elevada (FAO, 2004). A qualidade
microbioldgica e quimica da agua de lavagem deve ser monitorizada de forma a evitar
contaminag0es (Gil et al., 2009). Nesta fase, pode-se adicionar agentes anti-oxidantes
para prevenir o escurecimento dos frutos (Artés e Allende, 2014). Assim, os principais
objetivos destas operagdes sdo a diminuicdo da temperatura dos frutos, a eliminacéo da
sujidade e a diminuicdo da carga microbiana e dos fluidos dos tecidos (Garcia e Barret,
2005; Oms-Oliu et al., 2010).
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1.1.4. Enxaguamento e eliminacéo do excesso de agua superficial

Depois da lavagem, procede-se ao enxaguamento com 0 objetivo de remover 0s

possiveis residuos dos desinfetantes dos alimentos minimamente processados obtidos.

A humidade superficial residual e o exsudado na superficie dos recem-cortados frutos
podem estimular o crescimento de microrganismos como fungos e bactérias (FAO,
2011). A eliminacdo do excesso de agua superficial deve ser efetuada de forma
cuidadosa para evitar danos nos tecidos dos frutos, podendo ser realizada em
transportadores rotativos, grelhas vibratorias, tineis de secagem ou por ar forgado,
durante um periodo de tempo adequado ao produto (Artés e Allende, 2014; Soliva-
Fortuny e Martin-Belloso, 2003).

1.1.5. Embalamento

O embalamento é uma etapa critica no processamento de PMP/FMP e deve ser efetuado
com a maxima higiene. Nesta fase, o produto é pesado e colocado na embalagem,

podendo também ser realizadas misturas de varios frutos, no caso das misturas de frutas.

Dependendo dos alimentos, o acondicionamento pode ser realizado em bolsas, em
caixas ou em bandejas e podem ser usados diferentes tipos de filmes protetores (FAO,
2011). Pode-se optar por embalar o alimento em atmosfera modificada (MAP), ou seja,
modificar a composic¢ao de gases dentro da embalagem com o objetivo de prolongar o
tempo de vida util dos produtos (Oliveira et al., 2015), minimizando a atividade
metabolica, atrasando o escurecimento enzimatico e mantendo a aparéncia do alimento,
através da reducdo da taxa de respiracdo e da producdo de etileno (Ramos et al., 2013).
Atmosferas pobres em O potenciam o0 metabolismo anaerdbico dos frutos
minimamente processados, o0 que leva ao aumento da fermentacdo (Corbo et al., 2010)
podendo causar a formacéo de acetaldeido e compostos que alteram o sabor (Rico et al.,
2007); as concentracdes elevadas de CO: inibem uma série de enzimas do ciclo de
Krebs (Soliva-Fortuny e Martin-Belloso, 2003). No que diz respeito ao crescimento
microbiano, atmosferas com concentracGes baixas de O inibem o crescimento da
maioria dos microrganismos degradadores aerébios como as bactérias Gram negativas
(ex: Pseudomonas). Contudo, o crescimento de microrganismos patogénicos,
psicrotroficos anaerobios e clostridios ndo proteoliticos, pode ser estimulado (Al-Ati e
Hotchkiss, 2002; Soliva-Fortuny e Martin-Belloso, 2003).
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Apds o embalamento, procede-se a uma inspecdo visual da qualidade e colhem-se
amostras para a realizacdo de ensaios de qualidade (microbiolégicos e quimicos). O
produto passa depois por um controlo de peso e por detetores de metais para eliminar o
risco de presenca deste tipo de elementos (FAO, 2011). As embalagens sao
posteriormente colocadas em caixas de cartdo e armazenadas a temperaturas de
refrigeracdo antes de serem expedidas. A temperatura é um dos fatores mais importantes
na sobrevivéncia e crescimento dos microrganismos nos frutos minimamente
processados. Esta deve ser controlada durante todo o processamento de modo a
assegurar a qualidade e seguranca do alimento e a temperatura de armazenamento deve
ser de 4°C ou inferior de modo a prevenir o crescimento dos microrganismos

degradadores e patogénicos (Oliveira et al., 2015).

1.2. Métodos de desinfecéo

Durante o processamento de PMP/FMP, as etapas de lavagem e desinfecdo utilizando
substancias antimicrobianas sdo as Unicas que poderdo permitir uma reducdo das
populacdes de microrganismos de degradacdo e de microrganismos patogénicos
(Allende et al., 2006; Corbo et al., 2010). A desinfecdo é um dos passos fundamentais
do processamento minimo de alimentos de origem vegetal pois afeta a qualidade, a
seguranca e o tempo de prateleira do produto final (Gil et al., 2009).

Existem varios métodos para reduzir a carga microbiana superficial das frutas e vegetais
embora o ideal seja sempre prevenir a contaminagdo dos mesmos (Ramos et al., 2013).
No entanto, nem sempre é possivel evitar as contaminagdes sendo necessario o recurso a
técnicas que reduzam/eliminem os microrganismos patogénicos e de degradacdo de

modo a evitar doencas de origem alimentar e perdas econdmicas (Corbo et al., 2010).

Os métodos utilizados na desinfecdo/descontamingdo da fruta baseiam-se em processos
fisicos, quimicos ou na combinacdo dos dois. Contudo, o cloro € o agente desinfetante
mais utilizado na indlstria de processamento de alimentos frescos minimamente
processados (Gil et al, 2009; Goodburn e Wallace, 2013; Olaimat e Holley, 2012;
Rico et al., 2007).
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1.2.1. Cloro

Na industria de processamento de PMP/FMP, o cloro é normalmente usado sob a forma
de solugdes de hipoclorito de sdédio (NaClO) devido a sua eficiéncia, féacil
manuseamento e baixo custo. A sua aplicacdo é realizada em concentragdes que variam
entre 50 e 200 ppm durante um tempo de exposi¢cdo de 1-2 min (Beuchat, 1998) e a sua
atividade inibitdria ou letal depende da concentragdo de cloro disponivel para reagGes de
oxidacéo e desinfecdo, do tempo de contacto e do pH (Luo et al., 2011a; Suslow, 1997).
Em solucdo aquosa, os sais de hipoclorito formam uma mistura de acido hipocloroso
(HOCI), cloro gasoso (Cl.) e ides hipoclorito (OCI™), em quantidades que variam
dependendo do pH e da temperatura da solugdo (Beuchat, 1998; Gil et al., 2016;
Suslow, 1997). Diversos estudos tém mostrado que o HOCI, que é um acido fraco, é a
forma com maior atividade microbicida pois € a forma que se difunde para o interior das
células (Beuchat, 1998; Zagory, 2000). Tendo em conta que em solucdo a quantidade
das diferentes formas de cloro depende do pH, verificou-se que a gama de valores de pH
que garantem um melhor compromisso de estabilidade e atividade microbicida do HOCI
se situa entre 6,5 e 7,5 (lzumi, 1999; Suslow, 1997). Valores de pH mais baixos
favorecem a formacdo de cloro na forma gasosa que é libertado para o ambiente
podendo provocar intoxicagdes nos operadores (Izumi, 1999; Suslow, 1997; Zagory,
2000). Valores de pH mais altos favorecem a reagdo do cloro com compostos azotados
produzindo cloraminas (Suslow, 1997) e a dissociagdo de HOCI em ibes de OCI
(Izumi, 1999). Estas reacdes, para além de originarem substancias toxicas, contribuem

para a diminuig&o do efeito biocida do cloro (Ramos et al., 2013; Zagory, 2000).

O modo de atuacdo do HOCI sobre os microrganismos ainda ndo esta bem elucidado
podendo ser resultado de uma série de aspetos, tais como: a oxidacdo de aminoacidos e
de enzimas; a perda de constituintes intracelulares; a interferéncia nos mecanismos de
transporte de nutrientes e de oxigénio; a inibicdo da sintese de proteinas; a diminuicao
da producdo de ATP; a inducdo de quebras nas moléculas de ADN; e a inibicdo da
sintese de ADN (Maris, 1995; CDC, 2008a). Os niveis de reducdes bacterianas obtidos
quando se utilizam solucGes de hipoclorito de sédio nos alimentos minimamente
processados, nas concentracdes e tempos de contacto permitidos, séo de cercade 1 a 2
log ufc/g (Johnston et al., 2005; Parish et al., 2003).

A utilizacédo do cloro como desinfetante esta associada a riscos para o ambiente e para a

salde humana pois as reacGes quimicas do cloro com diversos compostos organicos
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presentes na matriz alimentar podem originar compostos toxicos, potencialmente
cancerigenos e mutagénicos, como os trihalometanos, acidos haloacéticos, halocetonas,
cloropicrinas e as cloraminas (Allende et al., 2008; Deborde e Gunten, 2008; Escalona
et al., 2010; Gil et al., 2009, 2016; Richardson et al., 2007). Consequentemente, em
alguns paises como a Alemanha, Holanda, Suica e Beélgica o uso de cloro em alimentos

minimamente processados esta proibido (Rico et al., 2007).

1.2.2. Métodos de desinfecdo alternativos ao cloro

Devido as limitagdes legais, de eficicia e ao risco associado do uso de cloro enquanto
agente desinfetante na industria de producdo de vegetais e frutos minimamente
processados, tornou-se imperioso o desenvolvimento de estratégias de descontaminacgao
alternativas que permitam obter estes alimentos com boa qualidade sensorial e
microbioldgica e que, a0 mesmo tempo, sejam seguros tanto para a saide humana como

para 0 ambiente.

Os principais métodos quimicos que atualmente se apresentam como alternativos ao uso
do cloro como desinfetante na industria de alimentos minimamente processados sdo: o
clorito de sodio acidificado, o peréxido de hidrogénio, o &cido peracético, a agua
electrolisada (4gua electrolisada &cida e &gua electrolisada neutra), o 0zono, os &cidos
organicos e 0s compostos alcalinos, cujas vantagens, limitacdes e aplicacOes se

encontram resumidas na Tabela 1.1.

Os métodos de desinfecédo fisicos com maior potencial como substitutos do cloro, séo, a
iluminacdo UV-C, a irradiagéo (raios gama, raios X, feixe de electrdes), a luz pulsada, a
alta pressdo e os ultrassons, cujas principais caracteristicas se encontram sintetizadas na
Tabela 1.2.



Tabela 1.1. Métodos quimicos utilizados para reduzir a carga microbiana de frutas e vegetais.

Capitulo I - Introducéo

Método

Vantangens e desvantagens

AplicacOes/Eficacia

Referéncias

Cloro
(Hipoclorito de
sodio)

- Facil manuseamento e baixo custo

- Sub-produtos potencialmente prejudiciais para a
salde humana e para 0 ambiente

- Eficécia reduzida na presenca de matéria organica e
dependente do pH da solucdo

- Proibido em alguns paises europeus

[50-200 ppm]; 1-2 min
Redugdo: 1-2 log ufc/g

Allende et al., 2008
Beuchat, 1998

Gil et al., 2009
Parish et al., 2003
Ramos et al., 2013
Rico et al., 2007

Clorito de sodio

- Eficacia superior ao hipoclorito de sédio devido ao

[500 a 1200 ppm]

FDA, 2012

acidificado pH baixo (2,5-3,2) Redugdo: 3 log ufc/g Luo et al., 2011b
- Corrosivo Parish et al., 2003
- Pouca informagéo acerca da formacéo de sub- Park e Beuchat,
produtos clorados 1999
Ramos et al., 2013
Perdéxido de - Néo produz residuos; decomposi¢do em compostos ~ [0,04 e 1,25%)] FDA, 2013
hidrogénio nao téxicos e ndo é corrosiva Eficéacia reduzida Olmez et al., 2009

- Esporicida

- Pode causar escurecimento ou perda de cor do
alimento

- Néo permitido em alimentos BIO; fitotdxico

- Eficécia antimicrobiana reduzida nas concentracoes
permitidas em vegetais e eficacia reduzida contra
fungos e virus

Reducéo de qualidade

entre 4 a 5%,

Parish et al., 2003
Park e Beuchat,
1999

Ramos et al., 2013

Acido peracético

- N&o produz sub-produtos prejudiciais e ndo é
corrosivo a concentragdo autorizada

- Eficacia ndo afetada pela matéria orgénica e
temperatura; eficacia de desinfe¢ao superior ao
cloro

- Aumento de matéria organica nos efluentes devido a
presenca de acido acético

- Aumento do potencial de crescimento dos
microrganismos

- Reducéo insuficiente da carga microbiana com a
concentracdo maxima permitida

[max., 80 ppm]

FDA, 2019
Kitis, 2004
Ramos et al., 2013

Agua
electrolisada

AEN

- Néo afeta o pH, a cor e a aparéncia do alimento; ndo
é corrosiva, menos irritante para a pele e mais
estavel a perda de cloro

- Eficécia de desinfecéo inferior 8 AEA

AEA

- Eficacia antimicrobiana superior ao cloro devido ao
potencial de oxidagao reducéo elevado

- Corrosiva para 0s equipamentos devido ao pH baixo

[50-100 ppm]; 3-5 min

Redugdo: 0,6-2,6 log
ufc/g

Abadias et al., 2008
Graga et al., 2011
Izumi et al., 1999
Ramos et al., 2013
Rico et al., 2007

Ozono

- Eficaz a baixas concentragdes e por curtos periodos
de exposicdo e amplo espetro de agdo e grande
capacidade de penetragdo

- Decomposicdo em produtos ndo toxicos

- Possibilidade de danos fisiolégicos nos alimentos e
corrosao e deterioragdo dos metais e superficies

- Instavel e altamente reativo; exposi¢des
prolongadas a concentragfes acima de 4 ppm
podem ser letais para 0s humanos

- Normalmente é usado para o tratamento de aguas

- Aquoso:
[0,03-20 ppm]
- Gasoso:

[méaximo 20000 ppm];

20 min-6 h

Beuchat, 1998
Horvath et al., 1985
Parish et al., 2003
Ramos et al., 2013

Acidos organicos
(Ictico, citrico,
acético, tartarico
ou &cido

- Econémicos dependendo do tipo de &cido e do uso

- Toxicidade reduzida; uso permitido em alimentos
BIO

- Efeito antimicrobiano dependente do tipo de &cido e

[0,5 e 5%]; 5-15 min
Reducgéo: 0,96-2,1

Chen etal., 2016
Ramos et al., 2013
Ramos-Villarroel et
al., 2015

ascorbico) do microrganismo
- Possivel efeito negativo na qualidade sensorial e
impacto negativo nos efluentes
Compostos - Pouco corrosivo para 0s equipamentos [1e15%] Parish et al., 2003
alcalinos — - Problemas ambientais devido ao pH alto (11-12) ea  Redugdo: 0-6 log ufc/g Ramos et al., 2013
Fosfato presenca de fosfatos

trissddico (FTS)

- Eficacia reduzida contra Listeria
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Método Vantangens e desvantagens Aplicacdo/Eficacia Referéncias
Uv-C - Fécil manuseamento; custos reduzidos do [0,5-20 kI/m?] Bintsis et al., 2000
equipamento, energia e manutencéo Reducdo: 1 a>2 logufc/g  Escalonaetal.,
- Auséncia de residuos 2010
- Estimulagdo de mecanismos de defesa na fruta George et al., 2015
que atrasa a senescéncia e degradagdo; aumento Manzocco et al.,
da atividade antioxidante da fruta e inducéo da 2011
sintese de compostos benéficos a salide como Ramos et al., 2013
antocianinas e estilbenos
- Poder de penetracdo nos alimentos reduzido;
composicédo do alimento afeta a eficécia
- Possivel inducéo de stresse na fruta, com aumento
da respiracdo, alteracdo na cor e de off-flavors
Irradiacdo - Pode ser efetuada a temperatura ambiente; pode [méximo de 1,0 kGy] Lacroix e Qulttara,
ser aplicada ap6s o embalamento Reducéo: 1,1-2,35 log 2000
- Atrasa 0 amadurecimento e a senescéncia de ufc/g Lacroix, 2014
frutos climatéricos Palekar et al., 2015
- Baixos custos energéticos Rico et al., 2007
- Néo aceitagdo por parte dos consumidores
- Possivel perda de qualidade quando s&o aplicadas
doses elevadas
- Possiveis alterag@es na textura do alimento
- Allta eficécia na eliminacédo de bactérias
patogénicas e de parasitas da superficie de frutos
e vegetais
- Equipamento caro
Luz pulsada - Reducdes microbianas significativas com [6-12 J/cm?] Oms-Oliu et al.,
tratamentos de curto periodo de tempo Redugdo: 1,56-3,01 log 2010

- Eficaz em alimentos s6lidos e liquidos

- Auséncia de residuos

- Alguns componentes do alimento podem absorver
a radiacdo impedindo a sua absor¢do pelos
microrganismos

- Eficécia reduzida a niveis de contaminacgdo altos;
Possivel resisténcia de alguns microrganismos

- Ocorréncia de efeitos quimicos adversos nos
alimentos

ufc/g

Ramos et al., 2013
Ramos-Villarroel et
al., 2012

Alta pressao
(High Pressure

- Inativagdo microbiana e enzimatica
- Ndo provoca degradacdo do sabor e dos

[50-1000 MPa]

Ramos et al., 2013

Proceding — nutrientes; N&o hé evidéncia de toxicidade
HPP) - Equipamento dispendioso
- Os alimentos devem conter cerca de 40% de agua
livre para haver efeito antimicrobiano
- Néo é eficiente nas enzimas da fruta
Ultra-sons - Aumento da taxa de transferéncia de calor [20-100 kHz] Chemat et al., 2011

- Redugdo do tempo e da temperatura de
processamento

- Deve ser aplicado em conjunto com outros
tratamentos

- Dificuldade no scale-up do processo

- AlteracgBes na estrutura e textura do alimento

- Penetracdo no alimento ¢ afetada pela presenca de
solidos e de ar

Kiani et al., 2014
O’Donnel et al.,
2010

Ramos et al., 2013

Um dos objetivos deste trabalho foi estudar a aplicagdo de técnicas alternativas ao cloro

na desinfecdo de FMP, utilizando como método quimico a agua electrolisada (4cida e

neutra) e 0 como método fisico a iluminagdo UV-C. Assim, apresenta-se seguidamente

a descricao destes métodos e alguns exemplos da sua aplica¢do na desinfecéo de fruta.
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Agua electrolisada

Existem dois tipos de A&gua electrolisada (AE) que apresentam propriedades
desinfetantes, a 4gua electrolisada acida (AEA) e a agua electrolisada neutra (AEN). A
AE é formada atraves da eletrolise de uma solucéo saturada de cloreto de sédio (NaCl)
numa célula eletrolitica. A solucdo passa por dois canais, 0 anodo (+) e o catodo (-),
onde é exposta a um diferencial elétrico controlado. Durante esta passagem ocorre uma
acumulacdo de iGes de cloro no anodo, formando uma solugdo &cida (AEA) e uma
acumulacdo de ides de sddio e hidroxido no catodo, formando uma solucdo alcalina
(AEN). A AEA tem-se mostrado eficiente na eliminacdo de microrganismos
patogénicos de origem alimentar in vitro e em reduzir as contagens de microrganismos
em frutas e vegetais. Este efeito é atribuido ao seu baixo pH (2-4) ao seu elevado
potencial de oxidacdo-reducdo (acima de 1000 mV) e ao seu contetdo em substancias
oxidantes como é o caso do &cido hipocloroso (HOCI) (Kim et al., 2000). A AEN
também possui um forte efeito bactericida, com valores de pH de 5,0 a 8,5 e com um
potencial de oxidacgdo-reducdo de 500 a 700 mV. Os principais reagentes biocidas da
AEN sdo HOCI, OCI, o radical hidroxiperoxilo (HO?) e o radical superoxido (*O)
(Abadias et al., 2008a). O modo de acdo da AE ainda ndo esta esclarecido, contudo
pensa-se que a sua atividade antimicrobiana esta relacionada com alteracdes a nivel da
parede celular dos microrganismos (Osafune et al., 2006) e com o potencial oxidante do
HOCI através da producao de radicais hidroxilo (*OH) os quais atuam nos componentes

celulares tais como proteinas e acidos nucleicos (Huang et al., 2008).

Vaérios estudos tém demonstrado a eficacia da AE na eliminacdo de microrganismos de
frutos e vegetais. A lavagem de macas minimamente processadas com AEA ou AEN
com 100 e 50 ppm de cloro livre, permitiu obter reducbes nas populaces de
Escherichia coli, Salmonella Choleraesuis e de Listeria innocua semelhantes ou
superiores a lavagem com solu¢Ges de hipoclorito de sddio com as mesmas
concentracdes (Graca et al., 2011, 2012). Graca et al. (2010a,b) observou que a
lavagem, durante 5 min, com AEA e AEN com 200 ppm de cloro livre reduziu a
populacdo de L.innocua mais de 1 ciclo logaritmico em amostras de maca
minimamente processada e cerca de 1 log ufc/g em laranjas minimamente processadas.
No mesmo estudo, foi observada uma reducédo da populacédo de E. coli de 2,05 log ufc/g
e de 1,70 log ufc/g apos a lavagem de amostras de laranja cortada com AEA e AEN

com a mesma concentracdo, respetivamente. Abadias et al. (2008a) observaram
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reducdes nas contagens de E. coli O157:H7, Salmonella, L. innocua e Erwinia
carotovora de cerca de 1-2 log ufc/g em alface apds a lavagem com AEN com uma
concentracdo de 50 ppm de cloro livre. Izumi (1999) observou reducdes nas contagens
microbianas entre 0,6 e 2,6 log ufc/g em vegetais cortados apds a lavagem durante 3
min com AEN com 50 ppm de cloro livre. Ding et al. (2015) realizaram um estudo em
que desinfetaram a superficie de tomate cherry e de morangos com AE a pH 6,49. As
reducdes nas populagdes de microrganismos obtidas nesse estudo foram de 1,45 log
ufc/g e de 1,10 log ufc/g nas populacBes de bactérias aerobias totais e bolores e
leveduras, respetivamente, em tomate cherry e de 0,93 e 0,96 log ufc/g nas populagdes

de bactérias aerobias totais e bolores e leveduras, respetivamente, em morangos.

Embora o cloro seja o principal responsavel pelo seu efeito microbicida, a AE apresenta
algumas vantagens em relacdo ao uso de solucBes comerciais de cloro, como o
hipoclorito de sodio. A AE tem como vantagens possuir uma eficacia antimicrobiana
superior ao cloro por apresentar um potencial de oxidacéo reducdo mais elevado (Jemni
et al., 2014; Rico et al., 2007) e pode ser produzida no local e no momento em que ira
ser aplicada, fazendo com que ndo seja necessario 0 armazenamento de compostos

potencialmente perigosos como o hipoclorito de sodio (Jemni et al., 2014).

As vantagens da AEN residem no facto do valor do seu pH ser de 5,0 a 8,5 ndo sendo
tdo corrosiva para os equipamentos, nem irritante para a pele, sendo também mais
estavel relativamente a perda de cloro (Abadias et al., 2008a; Jemni et al., 2014). As
desvantagens da AEA incluem a formacédo de cloro gasoso durante a sua producdo, o
que pode ser nocivo para 0s operadores e 0 seu baixo valor de pH torna-a corrosiva para

0s equipamentos (Huang et al., 2008).

lluminacéo Ultravioleta-C

A luz Ultravioleta (UV) estd compreendida numa banda de comprimentos de onda da
regido ndo-ionizante do espectro eletromagnético, entre os raios-X (200 nm) e a luz
visivel (400 nm). O espectro UV pode ser dividido em trés regides: ondas curtas de UV
(UV-C) com comprimentos de onda de 200 a 280 nm; ondas médias de UV (UV-B)
com comprimentos de onda de 280 a 320 nm; e ondas longas de UV (UV-A) com
comprimentos de onda entre 320 e 400 nm. A intensidade da iluminagdo UV é expressa
como fluxo de intensidade (W/m?) e a dose, que é em funcio da intensidade e tempo de
exposicdo, € expressa como radiacdo de exposicdo (J/m?) (Bintsis et al., 2000). A
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iluminacdo UV-C tem o maximo efeito germicida no comprimento de onda de 254 nm e
é letal para a maioria dos microrganismos (bactérias, protozoarios, fungos e algas) e
virus (Bintsis et al., 2000).

O modo de agdo da iluminagio UV-C (0,5-20 kJ/m?) na inibicdo do crescimento
microbiano deve-se a inducdo da formacdo de dimeros de pirimidinas que provocam a
distorcdo da hélice de ADN bloqueando a replicacdo das células microbianas, causando
a sua morte (Jemni et al., 2014; Kim et al., 2013). No entanto, existem sistemas de
reparacao, como sistemas enzimaticos de foto reparacdo, genes de reparacdo-excisdo
induzidos por raios UV que restauram a integridade do ADN das células microbianas

expostas a iluminacdo UV (Cleaver, 2003; Pruteanu e Baker, 2009).

O efeito da iluminagdo UV-C é independente da temperatura a que é aplicada (num
intervalo de 5 a 37 °C) mas depende da incidéncia da irradiacdo que é determinada pela
estrutura e topografia do produto irradiado (Bintsis et al., 2000), do fluxo de radiacéo e
da posicao entre a fonte de iluminagdo e a amostra irradiada (Escalona et al., 2010). A
iluminacdo UV-C pode também exercer um efeito indireto sobre os microrganismos ao
estimular mecanismos de defesa no produto tratado, provocando um atraso na
senescéncia e degradacdo do produto. Estes efeitos podem, se ultrapassarem certos
limites, resultar em defeitos tal como se refere na pagina seguinte a propdsito das
desvantagens da iluminacdo UV-C. (Escalona et al., 2010; Jemni et al., 2014). O ponto
critico deste processo consiste em encontrar uma dose que permita afetar o crescimento
dos microrganismos patogénicos sem danificar o alimento (Ben-Yehoshua e Mercier,
2005; GOomez-Ldpez et al., 2007; Manzocco et al., 2011).

A iluminacdo UV-C tem sido utilizada com sucesso para reduzir a contaminacéo
microbiana e/ou prolongar o tempo de prateleira em frutos inteiros (Nunes, 2010) e
frutos cortados como manga e ananas (George et al., 2015), melancia (Artés-Hernandez
et al., 2010), kiwi (Beirdo da Costa et al., 2014), macés (Graca et al., 2013), alperces
(Yun et al., 2013), laranja (Salazar et al., 2010) e meldo (Manzocco et al., 2011).
Manzocco et al. (2011) observaram reducdes acima de 2 log ufc/g nas contagens de
microrganismos viaveis totais e de enterobactérias em meldo minimamente processado
ap6s o tratamento com iluminagdo UV-C com as doses de 1200, 6000 e 12000 J/m?.
Artés-Hernandez et al. (2010) constataram que melancia minimamente processada
submetida a tratamentos de iluminagdo UV-C (1,6, 2,8, 4,8 e 7,2 kJ/m?) ap6s 11 dias de

armazenamento a 5 °C apresentava populagfes de microrganismos mesofilos,
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psicrotroficos e de enterobactérias menores do que as amostras controlo. Fonseca e
Rushing (2006) submeteram embalagens de melancia minimamente processada a
iluminagdo UV-C (4,1 kJ/m?) e observaram uma reducio das populages microbianas
acima de 1 log, ap6s 7 dias de armazenamento. A iluminacdo UV-C tem sido também
associada ao aumento da atividade antioxidante em mangas e em ananas (George et al.,
2015) e em melancia (Artés-Hernandez et al., 2010), roma (Nunes et al., 2010), ao
aumento da atividade da peroxidase em meldo Cantaloupe (Lamikanra et al., 2005), na
inducdo da producédo de antocianinas e de estilbenos (Ramos et al., 2013) e no aumento
da estabilidade enzimatica de frutas minimamente processadas através da inativacao da
enzima pectinolitica pectato liase (Manzocco et al., 2009a) e de polifenoloxidases
(Manzocco et al., 2009b) em macas.

Entre as vantagens desta técnica estdo o seu facil manuseamento, os custos reduzidos do
equipamento, os gastos de energia e manutencao e a auséncia de residuos nos alimentos
(Kim et al., 2013; Manzocco et al., 2011). A principal desvantagem da luz UV-C é nédo
ter poder de penetracdo nos alimentos liquidos ou sélidos, sendo por esta razdo apenas
eficiente enquanto método de desinfecdo superficial (Manzocco et al., 2011). Outras
desvantagens do uso da iluminacdo UV-C sédo a possivel inducdo de stresse na fruta e o
aumento da sua respiragdo o que pode provocar alteragdes na cor e producdo de
off-flavors (Manzocco et al., 2011; Ramos et al., 2013).

1.3. Qualidade microbiolégica de fruta minimamente processada

Um dos fatores responsaveis pelo aumento de doencas do foro alimentar associadas ao
consumo de vegetais e frutos foi 0 aumento do consumo de produtos minimamente
processados (Tabela 1.3). A seguranca microbioldgica e o prolongamento do periodo de
vida util destes alimentos sdo dois dos principais desafios que a industria enfrenta
(Olmez e Kretzschmar, 2009; Parish et al., 2003; Ramos et al., 2013). A fruta fresca
minimamente processada caracteriza-se por possuir superficies cortadas, nao
esterilizadas, fisiologicamente ativas, ricas em nutrientes e agua. Por esta razdo, sdo
alimentos suscetiveis & contaminacdo microbioldgica, nas diversas fases, desde o seu
processamento até a sua distribuicdo ndo descurando o manuseamento em casa dos
consumidores. S&o alimentos crus, prontos a consumir, ndo sendo submetidos a
qualquer processo de preservacdo térmico ou quimico (adicdo de conservantes). Esta

fruta pode conter diversos microrganismos que estdo presentes naturalmente sobre a
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fruta, ou sdo adquiridos durante as operacdes de pré-colheita, colheita, processamento
minimo e manuseamento em condicdes de higiene deficiente (Abadias et al., 2008b;
Graca et al., 2015; Olaimat e Holley, 2012). Se as operacOes de processamento forem
improprias e 0 armazenamento e distribuicdo ocorrerem em condi¢des inadequadas
(temperatura, humidade relativa), alguns microrganismos constituintes da populacao
inicial, poderdo sobreviver e multiplicar-se. Caso se trate de microrganismos de
degradacdo aceleram os processos de degradacdo, se microrganismos patogénicos
aumentam o risco do alimento se tornar um perigo para a saude publica. A tendéncia
para aumentar o tempo de vida atil dos alimentos refrigerados pode permitir o
crescimento de microrganismos patogénicos psicrotroficos tais como L. monocytogenes
(Melo et al., 2015).

Tabela 1.3. Fatores associados ao aumento de nimero de infe¢cdes causadas pela ingestdo de alimentos de
origem vegetal (Beuchat, 2002, Brandl, 2006, Tauxe et al., 1997).

Alteragdes na indistria:
Intensificacdo e centralizagdo da producdo
Redes de distribuicdo muito grandes
Préticas de higiene insuficientes
Introducdo na cadeia alimentar de alimentos minimamente processados (frutos e
vegetais)
Aumento das importagdes de frutos e vegetais
Alteragdes nos habitos dos consumidores/ Alteragdes no estilo de vida
Aumento do consumo de refei¢des fora de casa
Aumento do consumo de frutos e vegetais frescos
Aumento do consumo de sumos de fruta frescos
Aumento da dimensdo das populagdes de risco (idosos, imunodeprimidos)
Vigilancia epidemioldgica intensificada
Desenvolvimento de novos métodos para identificar e diagnosticar os microrganismos
patogénicos
Aparecimento de microrganismos patogénicos emergentes com doses infeciosas baixas
Evolugdo dos microrganismos e alteraces nas caracteristicas de patogenicidade e
viruléncia

Por outro lado, a utilizacdo de técnicas alternativas de embalamento como a atmosfera
modificada contribui para inibir o crescimento dos microrganismos aerdbios,
degradadores da fruta, mas ndo inibe microrganismos patogénicos anaerdbios e
anaerdbios facultativos que tém a capacidade de sobreviver e multiplicar-se nestas
condigdes (Hurst, 2002).

Desta forma, a fruta minimamente processada constitui um meio 6étimo para a
sobrevivéncia e o crescimento de microrganismos patogénicos pois as suas barreiras

naturais de protecdo foram removidas durante o seu processamento pelo que o seu
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consumo tem sido associado a infe¢Ges provocadas por bactérias, virus e parasitas
(Heaton e Jones, 2008; Olaimat e Holley, 2012; Ramos et al., 2013; Strawn et al.,
2011). Os principais microrganismos patogénicos associados ao consumo de alimentos
de origem vegetal incluem S. enterica, E. coli, L. monocytogenes, Campylobacter
jejuni, Shigella spp., Clostridium botulinum e C. perfringens, Vibrio. Os virus da
Hepatite A e Norovirus sdo cada vez mais associados a doencas transmitidas por FCF
(Strawn et al., 2011; Harris et al., 2003; Oliveira et al., 2015). Contudo, S. enterica, E.
coli, L. monocytogenes e C. jejuni sdo 0s principais agentes etiolégicos, mais
comumente, identificados durante os surtos associados ao consumo de frutos (Tabela
1.4).

1.3.1. Salmonella enterica

O género Salmonella, incluido na familia Enterobacteriaceae, contém duas espécies, S.
bongori e S. enterica que se encontra subdividida em seis subespécies: enterica,
salamae, arizonae, diarizonae, houtenae e indica. As bactérias deste género sdo
diferenciadas com base nas variacfes em antigénios, 0s antigénios somaticos presentes
nos lipopolissacaridos da parede celular (antigénio O), os antigénios presentes na
proteina flagelar (flagelina) (antigénios H1 e H2), e os antigénios capsulares (Vi) dando
origem a mais de 2500 combinacfes dos antigénios e consequentemente a um ndmero
muito elevado de serotipos/serovares (Grimont e Well, 2007; McQuiston et al., 2004).

Relativamente a S. enterica subespécie enterica estdo descritos mais de 1500 serotipos.

Sao bactérias com a forma de bastonetes Gram negativas, anaerdbios facultativos, na
sua maioria moveis por flagelos peritricos, possuem catalases mas ddo origem a um
teste da oxidase negativo. Tratam-se de bactérias intracelulares facultativas encontradas

numa série de células fagociticas e ndo fagociticas.

Dependendo do hospedeiro e do serotipo, S. enterica € o agente etiologico de febre
entérica (febre tifoide), enterocolite/diarreia e bacteriemias. Existem também os
portadores cronicos de Salmonella (Coburn et al., 2007). Os serotipos S. Typhi, S.
Paratyphi estdo particularmente adaptados aos humanos, causando febre tifoide. Os
serotipos de Salmonella ndo tifoide sdo os agentes mais frequentes de salmoneloses nos
paises desenvolvidos. O serotipo S. Choleraeseuis, cujo hospedeiro primario é o porco,

causa também doenca severa em humanos e os serotipos ubiquos S. Enteritidis e
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S. Typhimurium causam infecBes gastrointestinais em

doencas noutros animais (Hoelzer et al., 2011).

Tabela 1.4. Surtos associados ao consumo de fruta.
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humanos podendo induzir

Agente Fruta Ano  Local Referéncia
Salmonella Weltevreden Ananas, melancia, papaia 1996 Singapura  Ooi, 1997
MP

Salmonella Newport Manga 1999 EUA Sivapalasingam
et al., 2004

Salmonella Saintpaul Manga 2001 EUA Beatty et al.,
2004

Salmonella Litchfield Papaia MP 2006  Australia Gibbs et al.,
2009

Salmonella Litchfield Meldo Cantaloupe 2008 EUA CDC, 2008b

Salmonella Agona Papaia 2011 EUA CDC, 2011a

Salmonella Panama Meldo Cantaloupe 2011 EUA CDC, 2011b

Salmonella Braenderup Manga 2012 EUA e CDC, 2012a

Canada  pyyac 2012

Salmonella Typhimurium e Melédo Cantaloupe 2012 EUA CDC, 2012b

Salmonella Newport

Salmonella Newport Melancia 2012 UE Byrne et al.,
2014

Escherichia coli O157:H7 Melédo Cantaloupe 1993 EUA Sivapalasingam
et al., 2004

E. coli O11:H43 Ananés 1994 EUA Sivapalasingam
etal., 2004

E. coli O157:H7 Uvas 2000 EUA CSPI

E. coli O157:H7 Pera 2001 EUA CSPI

E. coli 026 Morangos e mirtilos 2006 EUA CSPI

E. coli O157:H7 Melédo Cantaloupe 2008 EUA CSPI

E. coli O157:H7 Morango 2011 EUA FDA, 2011

Campylobacter jejuni Salada de frutas 1994 EUA CSPI

C. jejuni Salada de frutas 2001 EUA CSPI

C. jejuni Melédo e melancia 2006 EUA CSPI

L. monocytogenes Melédo Cantaloupe 2011 EUA CDC, 2011c

Hepatite A Sementes de roma 2013 EUA CDC, 2013

Hepatite A Morango e manga 2013 UE ECDC, 2014

Norovirus Ananas MP 2001 EUA Sivapalasingam
etal., 2004

Norovirus Abacate 2001 EUA CSPI

Norovirus Ananéds, banana e meldo 2003 EUA CSPI

Cantaloupe
Norovirus Ananas e meldo Cantaloupe 2011 EUA CSPI
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Os serotipos S. Choleraeseuis e S. Dublin estdo mais comumente associadas a
bacteriemia (Fierer e Guiney, 2001). Existem serotipos exclusivamente adaptados a
animais como S. Gallinarum que é especifica de aves, sendo responsavel por infe¢cdes
sistémicas nestes animais (Hoelzer et al., 2011). Alguns serotipos tém sido associados a
clorose de folhas de plantas causando a morte das folhas pois tém capacidade de aderir a
sua superficie e a alguns dos seus 6rgédos internos (Gu et al., 2013; Klerks et al., 2007;
Schikora et al., 2008). Diversos estudos tém evidenciado a capacidade de Salmonella
spp. de se internalizar em tecidos vegetais atraves das raizes, estomas, lenticelas e lesGes
existentes nos 6rgdos da planta (Brandl, 2006) e a de se multiplicar na superficie de
folhas de plantas jovens (Brandl e Amundson, 2008). Este tipo de trabalhos tém alertado
para a possibilidade das plantas poderem constituir hospedeiros alternativos para
Salmonella e terem um papel importante na sua transmissdo aos animais (Melotto et al.,
2014; Wiedemann et al., 2015).

O reservatorio comum de S. enterica € o trato gastrointestinal do Homem, animais
domesticos e selvagens. S. enterica entra nos solos e ambientes agricolas através das
fezes dos animais, podendo contaminar diretamente as plantas e as aguas superficiais
utilizadas na irrigacdo e na preparacdo de pesticidas e fertilizantes. A forma de
transmissdo principal de S. enterica é a via oral-fecal, podendo também ocorrer outras
formas de contaminagdo. Os manipuladores infetados, incluindo os que ndo manifestam
sintomas (portadores assintomaticos), podem ser uma fonte de contaminacdo dos

alimentos assim como a contaminacédo cruzada de alimentos prontos a consumir.

De acordo com o serotipo e os seus fatores de viruléncia, a quantidade de indculo e o
estado imunoldgico do hospedeiro, S. enterica pode provocar uma vasta gama de
doencas que incluem gastroenterites ligeiras até infecBes sistémicas graves como
bacteriemias, osteomielites e meningites. Alguns pacientes podem desenvolver artrites
cronicas. As formas de salmoneloses mais graves afetam fundamentalmente grupos de
risco, tais como os idosos, os individuos imunocomprometidos e as criancas (Batz et al.,
2013; Hurley et al., 2014).

As caracteristicas de viruléncia de Salmonella residem na capacidade das bactérias
invadirem as células eucariotas, se evadirem da fagocitose e sobreviverem no interior de
células fagociticas e ndo fagociticas do hospedeiro onde tém capacidade de se
multiplicar tornando-se um microrganismo intracelular (Coburn et al., 2007). As

salmoneloses ocorrem ap6s a ingestdo de alimentos ou dgua contaminados com estirpes
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patogénicas ou em resultado do contacto com um paciente infetado ou um portador
assintomatico. As bactérias sobrevivem a acidez do estdmago e colonizam o intestino
onde invadem as células epiteliais fagociticas. A internalizacdo de células néo
fagociticas pode ocorrer através de dois mecanismos de invasdao que envolvem a
modulagdo do citoesqueleto de actina, o “Zipper” e o “Triger” (Boumart et al., 2014).
Em qualquer dos casos, a internalizagdo das bactérias ocorre através da formacéo de um
vactolo que contém os microrganismos e onde tém capacidade de se multiplicar.
Contudo, os vacuolos contendo as bactérias podem ser destruidos por ligacdo a um
lisossoma ou em resultado de uma resposta autofagica, libertando as bactérias para o
citosol das células hospedeiras. No citosol de células epiteliais pode ocorrer replicacdo
evidenciando que Salmonella pode manifestar um estilo de vida intracelular (Malik-
Kale et al., 2012). Os genes que contém informacdo genética para os complexos
mecanismos através dos quais as bactérias atuam como microrganismos patogénicos de

extrema viruléncia estdo localizados nas ilhas de patogenicidade de Salmonella.

As salmoneloses tém uma incidéncia muito elevada na Europa (EFSA, 2014) e nos
EUA (CDC, 2013b), constituindo um problema econdémico e de salde publica. No
entanto, na Europa em 2012 foram reportados 92.916 casos de salmoneloses,
correspondendo a um declinio de cerca de 4,7 % em comparagdo com o nimero de
ocorréncias registadas no ano anterior e de 32 % relativamente a 2008. As serovares
mais frequentemente associadas aos referidos casos de salmoneloses foram S.
Enteritidis e S. Typhimurium. No que diz respeito aos surtos, observou-se também uma
reducdo de cerca de 19 % de 2008 a 2012. Os principais alimentos envolvidos em surtos
foram os ovos e outros alimentos contendo ovos, queijo e carne de aves (EFSA, 2014).
S. enterica é 0 agente etioldgico mais comummente associado a infecdes e surtos
provocadas pela ingestdo de alimentos de origem vegetal frescos (Heaton e Jones, 2008)

sumarizados na Tabela 1.4.

De acordo com os critérios microbioldgicos da Unido Europeia (Regulamentos CE
2073/2005 e 1441/2007) S. enterica deve estar ausente nas diversas categorias de
alimentos incluindo nos frutos e vegetais minimamente processados. Dos alimentos
estudados, aqueles em que foram encontradas as mais altas propor¢des de néo
conformidades com os criterios microbioldgicos foram as carnes de frango, de peru, de

porco, de bovino e os ovos. Contudo, algumas amostras de vegetais e frutas
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minimamente processados, reportadas em alguns estados membros, revelaram nao

respeitar os critérios microbiolégicos (EFSA, 2014).

Se houver contaminacdo de origem fecal dos alimentos, a transmissdo dos
microrganismos ocorrera, particularmente em condicdes que favoregcam o seu
crescimento, no caso dos alimentos serem acondicionados a temperaturas inadequadas
de conservagdo, se ndo tiverem sido cozinhadas durante o tempo adequado. Strawn e
Danyluk (2010) observaram um crescimento na populacdo de Salmonella spp. em
mangas e papaias cortadas, armazenadas a 12 °C e a sua sobrevivéncia durante 28 dias
quando as amostras foram armazenadas a 4 °C. Observaram ainda a sobrevivéncia de
Salmonella spp. nas mangas e papaias cortadas ap6s 180 dias de congelamento. Um
aumento nas populac6es de Salmonella em péssegos e magds minimamente processados
armazenados a 20 e a 25 °C foi também observado por Alegre et al. (2010a; 2010b). Ma
et al. (2016) observaram que a populacdo de Salmonella inoculada em magcés, goiaba,
banana, pitaia, manga e ananas minimamente processados teve a capacidade de
sobreviver durante 6 dias a 4 °C e Ukuku et al. (2015) observaram a sobrevivéncia da
populacdo de Salmonella em meldo Cantaloupe cortado armazenado a 5 °C durante
7 dias e um aumento da sua taxa especifica de crescimento nas amostras armazenadas a
10, 15 e 20 °C. Sim et al. (2013) reportaram um aumento superior a 2,0 log ufc/g da
populacdo de Salmonella spp. inoculada em pitaias minimamente processadas ap6s um
armazenamento a 28 °C durante 2 dias. Nas amostras a 12 °C observaram um aumento
de cerca de 0,9 log ufc/g e nas amostras armazenadas a 4 °C ndo houve crescimento mas
constataram que a populacdo de Salmonella spp. teve a capacidade de sobreviver
durante os 4 dias de armazenamento. Palekar et al. (2015) observaram a sobrevivéncia
de Salmonella Poona durante 21 dias em fatias de meldo Cantaloupe armazenadas a 5
°C.

1.3.2. Escherichia coli

Escherichia coli € uma espécie da familia Enterobacteriaceae, em que as ceélulas
apresentam a forma de bastonete Gram negativo, possuem catalases e ddo origem a um
teste da oxidase negativo. Estas células podem crescer aerdbia ou anaerobiamente, de
preferéncia a 37 °C, podendo ser méveis com flagelos peritricos ou ndo mdveis. E. coli

integra a microbiota comensal do trato gastrointestinal do Homem e numerosos
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mamiferos. Contudo, tém sido descritas diversas estirpes de E. coli responsaveis por
infecBes entéricas e extraintestinais (Ex.: infe¢des do trato urinario, sepsis e meningite
neonatal), associadas a morbilidade e mortalidade elevadas em todo o mundo (Clements
et al., 2012). Relativamente as estirpes entéricas estdo descritos 7 patotipos de E. coli de
acordo com a natureza da doenca que causam, com os fatores de viruléncia que
possuem e com o seu perfil filogenético: E. coli enteropatogénica (EPEC) que foi a
primeira estirpe associada a surtos diarreicos em 1940 e 1950; E. coli produtora de
toxina Shiga (verocitotoxinas) (STEC) [EX. E. coli enterohemorragica (EHEC) E. coli
O157:H7]; E. coli enteroinvasiva (EIEC) que possui mecanismos de viruléncia e
infecdes semelhantes a Shigella; E. coli enteroagregativa (EAEC) (Ex.: E. coli
0104:H4, responsavel pelo surto que ocorreu na Alemanha em 2011); E. coli
difusamente aderente (DAEC); E. coli enterotoxicogenica (ETEC) que é a causa mais
comum de diarreia do viajante e E. coli aderente invasiva (AIEC) que tem sido
associada a doenca de Crohn (Borgatta et al, 2012; Clements et al., 2012; Croxen et al.,
2013; van Elsas et al., 2011). A espécie E. coli encontra-se em permanente evolugéo o
que ¢ demonstrado pela existéncia de estirpes “hibridas” tais como E. coli 0104:H4
que, apesar de ter sido incluida no grupo EAEC, possui caracteristicas de estirpes
enterohemorragicas tipicas do grupo STEC, tendo alguns autores proposto a sua
inclusdo num novo grupo (STEAEC) (Croxen et al., 2013; van Elsas et al., 2011).

Algumas particularidades dos patotipos de E. coli estdo resumidas na Tabela 1.5.
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Tabela 1.5. Algumas caracteristicas dos 7 patotipos de E. coli (Croxen et al., 2013).
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Local da

Reservatério

Patotipos Hospedeiro o x Doenca conhecido
colonizagéo -
Fonte de contaminacéo
E. coli Criangas <5 anos, adultos Intestino Diarreia abundante Humanos e animais
EPEC (dose infeciosa alta) delgado
E. coli Adultos e criangas ilio distal, cdlon  Diarreia aquosa Humanos, animais,
(dose infeciosa baixa) Colite hemorragica  alimentos e 4gua
STEC HUS - Sindrome
hemolitico urémico
E. coli EIEC Criangas <5 anos, adultos Célon Disenteria Humanos, animais,
Viajantes HUS (potencial) alimentos e agua
Pacientes imunocomprometidos
(dose infeciosa baixa-10-100 ufc)
E. coli Adultos Intestino Diarreia do viajante  Alimentos
EAEC Criangas delgado e/ou HUS Portadores humanos
cdlon Diarreia persistente
E. coli Pacientes imunocomprometidos Intestino Diarreia do viajante  Alimentos, agua,
ETEC Criangas <5 anos delgado Diarreia persistente ~ humanos e animais
Viajantes Diarreia aquosa
(dose infeciosa alta- 105-108
microrganismos)
E. coli Criangas Intestino Diarreia persistente  Desconhecido
DAEC Adultos (localizagdo ndo  aquosa (criangas)
caracterizada) Associada a
Doenga de Crohn
em adultos
E. coli Adultos Intestino Associada adoenga  Desconhecido
AIEC Criangas delgado de Crohn

A patogenicidade e viruléncia de E. coli tém sido explicadas pela aquisi¢do de uma série
de fatores de viruléncia relacionados com a aderéncia/colonizacgéo, a invasao, o controlo
dos processos fisioldgicos das células hospedeiras, a secrecdo de toxinas e a producao
de siderdforos (Touchon et al., 2009). Estes fatores de patogenicidade e viruléncia
encontram-se em regides do genoma (ilhas de patogenicidade gendémica). Os tamanhos
dos genomas de E. coli comensal e dos diferentes patotipos podem diferir entre si em
cerca um milh@o de pares de bases. Existe um conjunto de genes conservado comum
designado “genoma core” e um conjunto flexivel de genes. A patogenicidade ¢
conferida pelo conjunto flexivel de genes adquirido do exterior podendo também haver
perda de genes. A aquisicdo ou perda de genes pode ocorrer por conjugacao,
transformacao e transducdo ou resultante do movimento de elementos genéticos méveis
(transposdes, sequéncias de insercdo, bacteri6fagos e plasmideos) por transferéncia
horizontal de genes [Horizontal gene transfer (HGT)]. Por outro lado, a maior parte dos
genes das toxinas e dos fatores de colonizacdo (CF) requeridos para a patogenicidade de
algumas estirpes (por exemplo, ETEC) encontram-se quase exclusivamente em
plasmideos (Clements et al., 2012; Croxen et al., 2013; van Elsas et al., 2011). Na
Tabela 1.6 estdo resumidas algumas caracteristicas de viruléncia e patogenicidade,
nomeadamente, de adesdo as ceélulas do hospedeiro e producdo de toxinas, das estirpes

patogénicas de E. coli.
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As estirpes de E. coli ttm como reservatorio o trato gastrointestinal do Homem e de
outros animais. A matéria fecal pode contaminar os alimentos e a agua, incluindo &guas
de irrigagdo e A&guas recreativas. As infecbes humanas por estirpes de E. coli
patogénicas ocorrem ap0s 0 consumo de alimentos contaminados tais como carne mal
cozinhada, alimentos frescos de origem vegetal contaminados ou através do contacto
com animais contaminados. Pode ocorrer também transmissdo da doenca através do
contacto pessoa-pessoa, quando os devidos cuidados de higiene ndo séo assegurados. Os
alimentos de origem vegetal, incluindo os frutos, podem ser contaminados por
contaminacdo cruzada atraves do contacto com carne crua contaminada. Individuos
manipuladores de alimentos (portadores sintométicos ou assintomaticos) podem
também ser responsaveis pela transmissdo das bactérias (Berger et al 2010; Croxen et
al., 2013). De acordo com o relatério da EFSA (2014), na Europa os principais
alimentos transmissores destas bactérias foram as carnes de bovino e ovino. No entanto
os alimentos de origem vegetal e as aguas revelaram-se importantes fontes de
contaminagéo.

Tabela 1.6. Alguns mecanismos de viruléncia (adesdo e toxinas) das estirpes de E. coli patogénicas
(Clements et al., 2012; Croxen et al., 2013).

Patotipos Adesao Toxinas Observagdes

E. coli Intiminas - Tem capacidade de formar micro-

EPEC Pili colénias sobre as microvilosidades
Adesinas Formacéo do pedestal de actina nas
Fimbrias polares longas (LPF) células epiteliais do limen

E. coli Intiminas, Adesinas, Toxina B Toxina Shiga (Stx) Tem capacidade de formar células

STEC Fator de aderéncia de E. coli viaveis ndo cultivaveis

Fimbrias polares longas (LPF)
Adesina autoaglutinativa (Saa)
Adesina homéloga (LHA)

E. coli Enterotoxina 1 e 2 (de Microrganismo patogénico
EIEC Shigella) (ShET1/2) intracelular facultativo
E. coli Fimbrias de aderéncia Enterotoxina estavel ao Forma biofilmes sobre a mucosa
EAEC agregativa (AAF) calor (EAEC) intestinal
Locus de invasdo toxicogénica Hemolisina E
(Tia) Enterotoxina 1 e 2 (de
Shigella) (ShET1/2)
Toxina Shiga (Stx)
E. coli Fatores de colonizagdo (CF) Enterotoxina sensivel ao
ETEC Adesinas calor (LT)
Enterotoxina estavel ao
calor (ST)
Citolisina A (ClyA)
E. coli Fimbrias Adere difusamente sobre as células
DAEC Adesinas - intestinais
E. coli Pili Invade as células epiteliais de
AIEC Fimbrias polares longas (LPF) - pacientes com doenca de Crohn.

Replica-se no interior de células
epiteliais e macréfagos

O referido relatério indica que as infegcdes causadas por estipes de E. coli produtoras de

verocitotoxinas tém vindo a aumentar na Europa, de 2008 a 2012, tendo-se observado
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um pico em 2011, resultante do surto ocorrido na Alemanha ap6s o consumo de
sementes germinadas. Em 2012, foram confirmados cerca de 5670 casos de infecéo por
VTEC sendo, a maior parte, casos esporadicos. Nos EUA, as estirpes produtoras de
verocitotoxinas, nomeadamente E. coli O157:H7, tem sido responsabilizada por um
elevado nimero de infecbes e os surtos reportados recentemente foram atribuidos ao

consumo de vegetais, frutas/frutos secos, produtos lacteos e carne moida (CDC, 2013b).

A capacidade das estirpes de E. coli sobreviverem e cresceram em ambientes diferentes
dos do trato gastrointestinal resulta num problema grave de saude publica. Observou-se
que E. coli foi isolada de ambientes como o solo, o0 estrume e agua de irrigacéo e
revelou capacidade de colonizar compartimentos internos de alface (Solomon et al.,
2002) e raizes de plantas (Natvig et al., 2002). Assim, estes produtos podem contribuir
para a disseminagdo das bactérias em ambientes industriais de processamento e
embalamento de alimentos contribuindo para a sua disseminacdo na cadeia alimentar, se
ndo forem respeitados as boas praticas de fabrico. E. coli O157:H7 tem a capacidade de
sobreviver e de se multiplicar fora do intestino e foi implicada em varios surtos de
doenca relacionados com a ingestdo de frutas e vegetais minimamente processados
(Oliveira et al., 2015). Abadias et al. (2012) constataram a sobrevivéncia da populacao
de E. coli O157:H7 inoculada em ananas e meldo minimamente processados, embalados
em atmosfera modificada e armazenados a 5 °C durante 15 dias. Em péssegos e macas
minimamente processados foi observado um aumento, acima de 2 log ufc/g, na
populacdo de E. coli O157:H7, as temperaturas de 20 e 25 °C (Alegre et al., 2010a e
2010b). Strawn e Danyluk (2010) observaram que E. coli O157:H7 teve a capacidade de
crescer em amostras de manga e papaia minimamente processadas armazenadas a
23 °C, de sobreviver durante 28 dias quando as amostras foram armazenadas a 4 °C e
180 dias quando as amostras foram congelas a -20 °C.

1.3.3. Listeria monocytogenes

Listeria monocytogenes esta incluida no género Listeria conjuntamente com mais
7 espécies, L. innocua, L. seeligeri, L. welshimeri, L. grayi, L. ivanovii, L. rocourtiae e
L. marthii (Graves et al., 2010; Leclercq et al., 2010; Liu, 2006). L. monocytogenes esta
associada a doenca em humanos e noutros animais enquanto L. ivanovii tem sido,

fundamentalmente, implicada em doencas nos ruminantes (Hain et al., 2006).
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As celulas de L. monocytogenes apresentam-se com uma forma de bastonetes curtos
com dimensdes entre 0,5 a 2 um, Gram positivas, possuidoras de catalase e teste de
oxidase negativo, ndo formadoras de esporos e microaerofilicas. Estas bactérias sdo
imdveis a 37 °C mas possuem uma mobilidade caracteristica a 20-25 °C que consiste
em movimentos de rotacio sobre o seu proprio eixo. E uma espécie com uma
temperatura Otima de crescimento de 30-37 °C mas com capacidade de tolerar
temperaturas de 45 °C. Devido ao facto de crescer a temperaturas de refrigeracéo (4 °C)

é classificada como microrganismo psicrotrofico (Melo et al., 2015).

E um microrganismo saprofita, presente no solo, na agua, nos efluentes e em material
vegetal em decomposigdo (Thevenot et al., 2006). Tem também sido isolado de fezes de
humanos (Grif et al., 2003; Ooi e Lorber, 2005). A sua presenca tem sido identificada
em diversos alimentos crus de origem vegetal (frutos e legumes), de origem animal, e
em alimentos confecionados e congelados (Ooi e Lorber, 2005). L. monocytogenes tem
também sido isolada de instala¢cdes e equipamentos de industrias alimentares (Lunden
etal., 2002). Esta bactéria pode encontrar-se no estado planctonico ou formando
biofilmes (Adrido et al., 2008).

As listerioses sdo infecbes que resultam da ingestdo de alimentos contendo
L. monocytogenes e podem manifestar-se em duas formas clinicas: uma invasiva e outra
ndo invasiva. A forma ndo invasiva caracteriza-se por uma gastroenterite febril com
sintomas semelhantes a uma constipacdo. A forma de listeriose invasiva, conduz a
infecdes sistémicas tais como a septicémia e infecBes do sistema nervoso central
(meningite e encefalite) e afeta fundamentalmente, pacientes de risco (Freitag et al.,
2009). Neste grupo destacam-se as gravidas, neonatos, idosos e individuos portadores
de doencas crénicas e imuno-comprometidos (pacientes com cancro, pacientes
portadores de VIH e transplantados) (Lecuit et al., 2005). A listeriose pode também
estar associada a peritonites, endocardites e artrites sépticas (Doganay et al., 2003). As
células de L. monocytogenes tém capacidade de atravessar a placenta e infetar o feto
levando a abortos (Drevets e Bronze, 2009).

A patogenicidade de L. monocytogenes tem sido explicada pela sua capacidade de
transpor as diversas barreiras de protecdo endoteliais e epidérmicas e de se tornar um
microrganismo patogénico intracelular facultativo de macrofagos, fibroblastos e células
epiteliais (Pizarro-Cerda et al., 2012). Assim, ap0s a ingestdo a bactéria podera invadir

as células do epitélio intestinal e disseminar-se pela corrente sanguinea e linfatica,
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podendo atingir o figado e o bago, onde se podera multiplicar, pois possui mecanismos
que lhe permitem reproduzir-se no interior de macrofagos e neutrdfilos. Estes
mecanismos incluem um conjunto de fatores de viruléncia que estdo subjacentes a sua
capacidade de infecdo de celulas eucariotas, dos quais se destacam as internalinas A e
B, a listeriolisina O, as fosfolipases C, a proteina Act A, a proteina P60 e o factor PrfA
(Freitag et al., 2009; Pizarro-Cerda et al., 2012). A internalizacdo de L. monocytogenes
por células eucariotas é desencadeada pelas proteinas de superficie internalinas A (InlA)
e B (InIB), que conferem a bactéria a capacidade de invadir as células do hospedeiro

(ndo fagociticas), internalizando-se por fagocitose (Fig. 1.2).
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Fig. 1.2. Mecanismo de infegdo de L. monocytogenes (Cossart e Toledo-Arana, 2008). Legenda: LLO —
listeriolisina O; In1A e In1B — proteinas de invasdo (internalinas); ActA — proteina de mobilidade; PI-
PLC — Fosfolipase Fosfatidilinositol-especifica; PC-PLC — Fosfolipase Fosfatidilcolina-especifica; LplAl
— ligase; Hpt — permease.

A bactéria fica aprisionada num vactolo fagocitico do qual se escapa, devido a
atividade da citolisina listeriolisina O (enzima que induz a formacdo de poros nas
membranas dos fagossomas) (Dewamitta et al., 2010) e das fosfolipases C (enzimas que
induzem a degradacao dos fosfolipidos das membranas dos fagossomas) (Pizarro-Cerda
et al., 2012), ficando livre no citoplasma. Aqui as bactérias iniciam a sua multiplicacédo
e a producdo e polimerizacdo de uma proteina de superficie, a actina (ActA). Os
filamentos de ActA organizam-se num dos poélos da bactéria dando origem a uma
“cauda” que contribui para movimentar as bactérias para células adjacentes. Os genes
que codificam o conjunto de proteinas que constituem os fatores de viruléncia descritos

anteriormente sdo regulados pelo ativador de transcricdo PrfA (Freitag et al., 2009).
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Estes genes sdo fracamente expressos fora do hospedeiro mas fortemente induzidos

durante a infecdo intracelular (Moors et al., 1999).

As listerioses humanas tém uma incidéncia baixa mas uma elevada taxa de mortalidade
pelo que constituem um risco severo para a saude publica. De acordo com o relatorio da
EFSA (EFSA, 2014) observou-se, na Europa, um aumento de 10,5 % de casos de
listerioses relativamente a 2011, tendo-se registado 1642 casos e uma taxa de
mortalidade de 17,8 %. Nos Estados Unidos da América, o Center for Disease Control
and Prevention (CDC, 2013c) reportou uma taxa de mortalidade por listeriose, entre
2009 e 2011, de 21%.

Na Europa, a maioria dos surtos epidémicos de listeriose conhecidos resultam da
ingestdo de alimentos derivados de leite, nomeadamente queijos de pasta mole, e de
alimentos prontos a ingerir (sandes, tartes salgadas e produtos processados de carne)
(EFSA, 2014). No entanto, em 2011 foi descrito um surto de listeriose nos EUA (CDC,
2011c) devido a ingestdo de meldo Cantaloupe.

De acordo com os critérios microbioldgicos da Unido Europeia (Regulamentos CE
2073/2005 e 1441/2007), L. monocytogenes deve estar ausente em alimentos prontos a
ingerir (25 g) destinados a criancas. Esta bactéria ndo deve ser enumerada em niveis que
excedam 100 ufc/g durante o tempo de prateleira de outros alimentos prontos a comer.
Nos alimentos que suportam o crescimento de L. monocytogenes, a bactéria ndo deve
ser detetada no momento em que o alimento sai da fabrica, a ndo ser que o produtor
garanta que a populacdo microbiana ndo aumenta para niveis que ultrapassem as
100 ufc/g durante o tempo de prateleira. De acordo com os critérios microbioldgicos, 0s
valores mais elevados de L. monocytogenes registados que ndo se encontravam em
conformidade com os referidos critérios, nos pontos de venda, foram encontrados nos
alimentos prontos a ingerir produzidos com pescado (0,5 %) e com carne (0,4 %). No
que diz respeito aos alimentos analisados no final do processamento, os valores mais
elevados de ndo conformidade com os critérios foram observados nos alimentos prontos
a ingerir derivados de pescado (8,0 %) seguidos dos queijos (7,2 %). As FCF sdo
alimentos prontos a consumir, ndo sdo submetidos a tratamentos térmicos antes do seu
consumo e sdo conservados a temperaturas de cerca de 4 °C, condigdes em que L.
monocytogenes sobrevive e tem capacidade para se multiplicar e aumentar a sua
populacéo, durante o tempo de vida Util destes alimentos 0 que os torna particularmente

preocupantes enquanto possiveis veiculos desta bactéria. A capacidade de
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L. monocytogenes crescer nos alimentos a uma determinada temperatura depende de
varios fatores, tais como o pH, a atividade da agua e a composi¢do do alimento e varia
nos varios alimentos, pelo que devera ser estudada caso a caso (EFSA, 2014).

No que diz respeito as frutas, varios estudos tém demostrado a capacidade de
crescimento de L. monocytogenes em meldo Cantaloupe e Honeydew e melancia
minimamente processados (Danyluk et al., 2014). O modelo de -crescimento
desenvolvido por estes autores, previu um aumento de 4 log ufc/g em 15 diasa5°C e
de 1 log ufc/g em 6 dias a 4 °C das contagens de L. monocytogenes nas frutas estudadas.
Fang et al. (2013) estudaram o comportamento da populacdo de L. monocytogenes
inoculada em amostras de meldo Cantaloupe minimamente processado armazenadas a 4,
8, 16, 20, 30, 40 e 43 °C durante 5 dias e observaram crescimento a todas as

temperaturas.

Para além dos aspetos referidos uma das caracteristicas particularmente preocupantes de
L. monocytogenes é a sua capacidade de tolerar ambientes &cidos tais como 0s

encontrados no estdbmago e em alguns alimentos.

1.3.4. Fontes de contaminacao

Os frutos podem ser contaminados com microrganismos patogénicos em qualquer etapa
desde a sua producdo no campo até ao momento do consumo. As condicdes e praticas
ocorridas durante as fases de pré-colheita, colheita e pés-colheita, afetam a presenca de
microrganismos em frutas e legumes minimamente processados e, consequentemente, a

sua qualidade microbioldgica e seguranca alimentar.

A sobrevivéncia e o crescimento dos microrganismos na fruta sdo afetados por variados
fatores intrinsecos e extrinsecos. Entre os fatores intrinsecos contam-se o pH, a
capacidade tamponizante, o conteddo em nutrientes, a atividade da &gua (aw), O
potencial redox, a textura dos tecidos e a presenca de compostos antimicrobianos. Os
fatores extrinsecos mais relevantes sdo a temperatura, a humidade e a composicao da
atmosfera gasosa. No entanto, as condicdes dependentes das operagGes de
processamento selecionadas podem alterar os fatores intrinsecos, contribuindo para
alterar a populacdo microbiana. Por outo lado, a sobrevivéncia e o crescimento dos
microrganismos nos frutos esta também dependente da sua atividade fisiol6gica

(viabilidade, taxa especifica de crescimento) e capacidade de adaptacdo a condicdes de
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stresse e do seu comportamento em populagfes mistas (competicdo, antagonismo e

sinergismo) (Beuchat, 2002).

Pré-colheita e colheita

A natureza da microbiota dos frutos, durante a fase de pré-colheita, depende da
localizacdo geografica, da precipitacdo, da temperatura, do vento, da presenca de
determinados vetores (insetos, nematodos) e das praticas de agricultura implementadas.

O solo é o reservatorio de uma enorme variedade de microrganismos patogénicos e nao
patogénicos. As espécies Bacillus cereus, L. monocytogenes e C. botulinum ocorrem
naturalmente no solo e matéria vegetal em decomposicao e podem estar presentes sobre
a superficie de produtos frescos (Guinebretiére et al., 2003, Guinebretiére e Nguyen-
The, 2003; Thevenot et al., 2006). Outros microrganismos patogénicos de origem
humana/animal podem também ser encontrados no solo devido a utilizacdo de aguas
contaminadas na irrigacao e preparacdo de fertilizantes e devido a aplicacdo de adubos
organicos ndo tratados ou ainda, devido a presenca de excrementos de origem animal
nas areas de cultivo (Nguyen-The, 2012). A presenca desses microrganismos no solo
como Escherichia coli 0157:H7, Salmonella spp. e Campylobacter spp., depende da
sua capacidade de sobreviver neste ambiente, que pode variar entre 30 e 980 dias
(Heaton e Jones, 2008).

A existéncia de microrganismos patogenicos em vegetais resultante da utilizacdo de
fertilizantes organicos e aguas contaminados tem sido descrita por diversos autores.
Ibenyassine et al. (2007) observaram uma elevada incidéncia de E. coli, Enterobacter
cloacae e Klebsiella pneumoniae, em diversos vegetais irrigados com aguas residuais
ndo tratadas. Loncarevic et al. (2005) detetaram a presenca de L. monocytogenes e E.
coli em alfaces cultivadas organicamente e Melloul et al. (2001) encontraram as
mesmas estirpes de Salmonella nas partes comestiveis dos vegetais e na dgua nao
tratada utilizada na rega das plantas. O mesmo estudo revelou que os vegetais crescidos
a superficie do solo (alface, salsa) estavam mais contaminados do que aqueles que se
desenvolveram acima da superficie (tomate). Noutro trabalho, observou-se que E. coli
0O157:H7 persistiu no solo 154-196 dias ap6s a adicdo do fertilizante orgénico ou &gua
contaminados tendo sido posteriormente detetada em cebolas e em cenouras apds 74 e

168 dias, respetivamente (Islam et al., 2005).
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Outra fonte possivel de contaminacédo de vegetais frescos com organismos patogénicos
¢ a presenca de escoamentos provenientes de pastagens de gado (Muirhead et al. 2006).
Por outro lado, a contaminag&o microbiana pode ser intensificada na presenca de alguns
vetores tais como insetos, nematodes e protozoarios. Sela et al. (2005) mostraram que a
transmisséo de E. coli em macas pode ocorrer atraves de Drosophila melanogaster. A
transferéncia de Salmonella spp. do solo para frutas e legumes atraveés do nematode
Diploscapter sp., foi observada por Gibbs et al. (2005). Além disso, os protozoarios
presentes nas folhas de vegetais (alface), parecem desempenhar um papel especial na
protecao e sobrevivéncia de microrganismos patogénicos de origem alimentar (E. coli e
S. enterica) (Gourabathini et al., 2008). O vento constitui outro meio de transferéncia de
poeiras contaminadas com esporos de bactérias ou de fungos (Heard, 2002).

A colonizacdo de sementes por microrganismos patogénicos endofitos é também um
aspeto que podera facilitar a transmissao desses microbios para geraces seguintes e a

prevaléncia das contaminagdes nos vegetais (Tyler e Triplett, 2008).

Os principais fatores responsaveis pela contaminacdo por microrganismos patogénicos

de produtos frescos nas fases de pré-colheita estdo representados na Figura 1.3.

Os alimentos de origem vegetal podem também ser contaminados por diversos
microrganismos durante as etapas de colheita (recolha, selecdo, embalagem e
transporte), por contaminacdo cruzada a partir de material fecal, dos equipamentos e
recipientes de colheita, dos contentores e dos veiculos de transporte (Heaton e Jones,
2008). Nestas fases, a eventual presenca de animais selvagens e domésticos, aerossois, e
a utilizacdo de gelo ou agua contaminados contribuirdo para aumentar os niveis de
contamina¢do microbiana de frutas e produtos horticolas (Beuchat, 2002, Johnston
et al., 2005). Além destes aspetos, a manipulagdo humana pouco cuidada pode causar
lesGes nos frutos que levam a libertacdo de nutrientes e promovem a sobrevivéncia e o
crescimento microbiano constituindo portas de entrada para microrganismos
patogénicos e de degradacdo. Nesta fase, a saude e higiene pessoais e a observacdo de
boas praticas de manuseamento tém de ser tomadas em consideragdo para reduzir o

potencial de contaminagdo por microrganismos patogénicos neste tipo de alimentos.

31



Capitulo I - Introducéo

Solo
) Fertilizantes
Vetores: n&o tratados
Insetos Excrementos
Fungos de animais
- selvagens ou
Protozoarios domesticos
Nemaétodes
Transmissdo a geracdo Frutas e Transmissdo a geracdo
seguinte vegetals seguinte
Microrganismos frescos Sementes contaminadas
endofiticos
Saude e
higiene dos Aerossois
trabalhadores/
manipuladores Aguas
contaminadas
Sistemas de
irrigacéo

Fig. 1.3. Principais fatores de contaminagdo de frutas e vegetais frescos por microrganismos patogénicos
na fase de pré-colheita (Adaptado de Quintas, 2011).

Os contentores, recipientes e todos os equipamentos utilizados na colheita e transporte
podem tornar-se uma fonte adicional de contaminacdo se ndo forem adequadamente
higienizados (Heaton e Jones, 2008). Este aspeto é particularmente relevante sempre
que ocorre formacdo de biofilmes os quais contribuem para aumentar a capacidade de
sobrevivéncia e de crescimento dos microrganismos e conferir protecdo contra 0s
agentes de higienizacdo e desinfetantes. Em qualquer etapa da colheita, se houver
contacto dos microrganismos dos biofilmes presentes nas superficies dos
recipientes/equipamentos com os frutos, pode ocorrer contaminagdo (Beuchat, 2002;
Corbo et al., 2010).

Finalmente, a microbiota nos frutos, antes da transformacdo € influenciada por
condicBes tais como a temperatura, a humidade e o tempo de transporte. Apds a
colheita, os frutos continuam a respirar e a utilizar os agucares e 0s acidos organicos
disponiveis produzindo didxido de carbono e etileno, o que pode conduzir a sua rapida

senescéncia (Corbo et al., 2010).
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A producdo de alimentos microbiologicamente seguros, incluindo os frutos, implica a
adoc¢do de boas préticas agricolas e boas condi¢des higio-sanitarias durante as fases de
pré-colheita e colheita, de forma a reduzir o potencial de contaminacdo por

microrganismos patogénicos.

Pés-colheita

Durante as diversas etapas da pds-colheita podem surgir condi¢fes que contribuem para
alterar a microbiota e aumentar a sua populacéo nos frutos minimamente processados. A
microbiota da matéria-prima utilizada, a higiene das superficies dos materiais e
equipamentos de processamento e o ambiente fabril, bem como a higiene dos
manipuladores de alimentos, sdo fatores determinantes da qualidade microbiolégica do
produto final. Outras fontes de contaminacdo referidas anteriormente, sdo também
relevantes nas etapas de pos-colheita tais como, a presenca de animais domésticos e
selvagens, insetos, poeiras ambientais, a producdo de aerosséis e a qualidade da agua
(lavagem e enxaguamento) e gelo, entre outros (Abadias et al., 2008; Johnston, et al.,
2005; Lehto et al., 2011).

Como ja referido anteriormente, os FMP sdo normalmente submetidos a tratamentos de
lavagem e enxaguamento para remover a poeira e detritos, reduzir os niveis de
microrganismos, de forma a aumentar a qualidade dos produtos e o seu tempo de vida
atil. A agua e o processo de secagem dos frutos sdo fatores que podem levar a
contaminacdo ou causar danos nos tecidos. Johnston et al. (2005) observaram um
aumento do nivel de coliformes totais em salsa e coentros depois da etapa de lavagem.
Gagliard et al. (2003), constataram o mesmo em meldo Cantaloupe, tendo registado um
aumento da populacdo de coliformes totais na superficie da fruta apds a lavagem. Estes
trabalhos demonstraram que é fundamental adotar estratégias para manter a qualidade
da 4gua de lavagem e enxaguamento, usando agua potavel e desinfetantes adequados. A
temperatura da 4gua deve também ser controlada e a imers&o dos frutos deve ser feita
com cautela. Se a diferenca de temperatura entre o fruto e a solugéo de lavagem for
muito elevada pode haver infiltracdo da solugdo (e de microrganismos) no fruto através
de aberturas na pele, no tecido vascular do pedunculo, das lenticelas, dos estomas, das
feridas ou outras disrupcdes fisicas (Parish et al., 2003). Posteriormente, o processo de
eliminacdo do excesso de dgua deve ser adequado a cada fruto de maneira a evitar danos

fisicos e garantir a remogdo completa da agua da superficie dos frutos A presencga de
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goticulas de agua nas frutas e vegetais processados ou nao processados permitira a
multiplicacdo de microrganismos e a sua mobilidade nos casos dos microrganismos
moveis (patogénicos ou degradadores da fruta) (Soliva-Fortuny e Martin-Belloso,
2003).

Durante o processamento, operacfes como o descasque e 0 corte, quebram a barreira de
protecdo do fruto conferida pela casca/pele, aumentando assim a disponibilidade de
acucares e de outros nutrientes, o que promove um ambiente favoravel a sobrevivéncia
de microrganismos contaminantes e ao seu rapido crescimento (Corbo et al., 2010;
Harris et al., 2003; Oms-Oliu et al., 2010; Pasha et al., 2014). Estas operacdes
apresentam o risco de transferéncia de microrganismos patogénicos da superficie do
fruto intacto para os seus tecidos internos (Fang et al., 2013; Harris et al., 2003; Olaimat
e Holley, 2012). Ukuku e Sapers (2001) observaram que células de Salmonella

presentes na casca foram transferidas para a superficie de fatias de meldo Cantaloupe.

As operagdes de descasque e reducdo de dimensOes apresentam ainda o risco de
contaminacéo e recontaminacao devido ao contacto de equipamentos contaminados com
os alimentos. Um estudo conduzido em unidades industriais de processamento de
vegetais minimamente processados revelou elevados niveis de microrganismos aerobios
totais em todas as superficies de contacto com alimentos, nomeadamente nos
equipamentos de descasque, facas, tabuas de corte, entre outros (Lehto et al., 2011). Os
mesmos autores reportaram valores elevados de contagens de bactérias da familia

Enterobacteriaceae (B-Glucuronidase positiva) nas cortadoras e nas tabuas de corte.

O embalamento e o armazenamento sdo etapas relevantes que podem proporcionar
condicdes de contaminacdo e crescimento de microrganismos em frutas e legumes.
Prazak et al. (2002) observaram a sobrevivéncia e a proliferagdo de Listeria spp. nas
correias transportadoras, durante o processo de embalagem, podendo ocorrer a
contaminacdo cruzada entre estas superficies e os frutos. Os mesmos autores reportaram
um aumento da carga microbiana em meldo Cantaloupe durante o processo de
embalagem. Por outro lado, Lehto et al. (2011) detetaram valores de microrganismos
aerobios totais elevados na atmosfera das zonas de armazenamento, processamento e

embalamento.

A obtengéo de frutas minimamente processadas microbiologicamente seguras, implica a

adocdo de boas praticas de fabrico e boas condigdes higio-sanitarias durante todas as
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etapas de pos-colheita devendo assegurar-se um conjunto de medidas de controlo, com

vista a produzir alimentos microbiologicamente seguros (Tabela 1.7).

Tabela 1.7. Medidas preventivas para reduzir agentes patogénicos alimentares durante as etapas de pos-
colheita de frutos frescos (Quintas, 2011).

Utilizacdo de agua de boa qualidade na:
Lavagem
Enxaguagem
Desinfecdo
Evitar abusos de temperatura em:
Armazenamento
Transporte
Distribuicéo
Exposicdo/Marketing
Consumidor (casa)
Evitar a humidade no ambiente de processamento e sobre a superficie de frutos:
Evitar a condensacdo nas embalagens
Fornecer uma secagem adequada apés a lavagem e enxaguamento
Utilizar equipamento de corte adequado e bem afiado para:
Minimizar a destruicdo dos tecidos
Evitar as contaminagdes cruzadas mediante:
Separacdo de frutos processados de frutos ndo processados
Separacdo de alimentos de origem animal de alimentos de origem vegetal
Aplicar programas de limpeza e desinfe¢do de superficies de contato com alimentos
e equipamentos com a frequéncia adequada
Instalacdes
Equipamentos
Evitar a formacédo de biofilmes
Evitar a formagao de aerossoéis
Boas praticas de fabrico
Prevenir a contaminagdo fecal
Higiene pessoal rigorosa
Providenciar a educacdo para manipuladores de alimentos
Ter consciéncia de que 0s microrganismos se adaptam e evoluem
Os microrganismos podem sofrer mutac6es
Os microrganismos podem adaptar-se ao stresse e aos biocidas
Os microrganismos podem adquirir viruléncia
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1.4. Objetivos

As frutas minimamente processadas, séo alimentos crus prontos a consumir que podem
ser contaminados em qualquer fase do seu processamento e a Unica operacao de reducgéo
da populacdo microbiana a que sdo submetidos é a desinfecdo. O método de desinfecédo
mais utilizado, o cloro, apresenta diversas limitagcdes e riscos para a saide humana e
ambiental, pelo que é de extrema importancia estudar a aplicacdo de outros métodos de

reducdo da populacdo microbiana nos frutos.

Os objetivos gerais deste trabalho foram estudar a qualidade microbiolégica de fruta
minimamente processada (FMP) comercializada em Portugal (Algarve) e estudar a
aplicacdo de tecnologias de desinfecdo alternativas ao cloro, com vista ao aumento da

seguranca microbioldgica destes alimentos.

Para alcancar os referidos objetivos gerais, estabeleceram-se os seguintes objetivos

especificos:

1. Avaliar a qualidade microbioldgica (microrganismos aerébios mesofilos,
psicrotroficos, bactérias acido-lacticas, fungos e coliformes) de FMP disponivel no
mercado portugués, em particular no Algarve, e detetar a presenca de
microrganismos patogénicos de origem alimentar (Escherichia coli, Salmonella spp.,
Listeria monocytogenes, Cronobacter sakazakii e Staphylococcus aureus).

2. Estudar a sobrevivéncia e a capacidade de crescimento de E. coli, S. enterica e
Listeria spp. em pera 'Rocha’, a diferentes temperaturas.

3. Estudar o efeito de um método quimico de desinfecdo, a agua electrolisada (acida e
neutra), na reducdo das populacgdes de E. coli, S. enterica e Listeria spp., previamente
inoculadas em pera 'Rocha’.

4. Estudar o efeito de um método fisico de desinfecdo, a iluminacdo UV-C, na reducéo
das populacbes de E. coli, S. enterica e Listeria spp., previamente inoculadas em
pera 'Rocha' e macd 'Golden Delicious'.

5. Determinar o efeito dos tratamentos de agua electrolisada e iluminacdo UV-C nos

parametros de qualidade da FMP.
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The present work’s aim was to study the microbial quality of minimally processed apples commercialized
in Portugal. Sixty eight samples of fresh-cut apple were analyzed before their best-before date in 2011
and 2012 for aerobic mesophilic and psychrotrophic microorganisms, total coliforms, lactic-acid bacteria
(LAB), coagulase-positive staphylococci and fungi. The parameters of food safety studied were Crono-
bacter sakazakii, Salmonella spp. and Listeria sp. Samples were analyzed according to standard meth-
odologies and using Chromocult Agar for coliforms and Escherichia coli. The yeasts were identified by
restriction analysis of the ITS-5.8S rDNA-region and 26S rDNA partial sequencing.

The mesophilic and psychrotrophic microorganisms ranged from 3.3 to 8.9 and from 4.9 to 8.4 log CFU/
g, respectively. Coliforms were detected in all the samples and staphylococd in 5.8% of them. LAB

Keywords:
Fresh-cut apple
Microbial quality

Coliforms numbers varied from 2.8 to 8.7 and fungi (yeast and molds) from 3.6 to 7.1 log CFU/g. The most common
Staphylococci yeasts were Candida sake and Pichia fermentans followed by Hanseniaspora spp., Candida spp., Meyer-
Spoilage ozyma guilliermondii, Metschnikowia pulcherrima, Cryptococcus spp. and the psychrotrophic Cys-
Yeasts

tofilobasidium infirmominiatum. Foodborne bacteria and opportunistic pathogenic yeasts were not
detected in the apples studied. The results obtained respected the European Commission regulation
regarding criteria of food hygiene and safety.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction cutting, peeling, slicing, shredding, trimming, washing and dis-

infecting. Products are packed and refrigerated becoming ready-to-

Fresh products, like fruits and vegetables, are important com-
ponents of a balanced diet and a healthy life style and their con-
sumption is being encouraged by several government health
authorities all over the world. These trends stimulated the growing
demand for “quick” and convenient fresh food products and the
rapid growth of the fresh-cut fruits and vegetables' industry.
Minimally processed foods offer many advantages, as they reduce
the meal preparation time and increase access to food that retains
high nutritional and sensory quality.

Minimally processed fruits and vegetables are fresh, raw fruits
or vegetables processed in order to supply a ready-to-eat or ready-
to-use food product. The processing of the foods may include

* Corresponding author.
E-mail address: cquintas@ualg.pt (C. Quintas).

http://dx.doi.org/10.1016/j.fm.2015.06.003
0740-0020/@ 2015 Elsevier Ltd. All rights reserved.

eat items that are very attractive to consumers looking for healthy
and convenient meals. This type of food is characterized by the
presence of non-sterile cut surfaces with damaged tissues where
active metabolism may occur (Berger et al., 2010; Francis et al,
2012; Olaimat and Holley, 2012). Fresh-cut fruits are susceptible
to microbial contamination in any phase of the production or dis-
tribution, due to destruction of natural protective barriers and their
high water and nutrient contents. Additionally, they are neither
heat treated nor contain added preservatives. As a result, they may
be a vehicle for microbial pathogens causing health problems.
Fruits may contain various microorganisms that are naturally pre-
sent in nature or acquired/gained during harvest, processing op-
erations or even during the handling by workers or consumers. If
the initial load of microorganisms is high and/or the preparing
operations are inadequate, some microorganisms will survive and
subsequently will grow and cause spoilage and possibly illness if
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the surviving microorganisms are virulent (Beuchat, 2002).

Although an extensive range of minimally processed vegetables
have been offered to consumers for many years, the market for
minimally processed fruits is economically less important, even
though it has an interesting potential for growth, as fruits are
relevant sources of vitamins, minerals, sugars and organic acids. In
fact, fresh-cut fruit is being offered as an alternative to whole fruits
in restaurants, supermarkets and in caterings (e.g. airline travel).
Fresh-cut apples were the first kind of fresh-cut fruit to appear in
the Portuguese market and presently are available in restaurants
and supermarkets, thus contributing to a healthier dessert alter-
native to sweets, especially for children.

Teixido et al. (1999) studied the microbial aspects of “Golden
delicious” apples in the orchard and found that the main microbiota
were fungi (Cladosporium, Alternaria and yeasts). After this work,
Abadias etal. (2006) analyzed apples of the same variety throughout
the production and shelf-life regarding their contamination with
bacteria of the family Enterobateriaceae and did not find Salmonella
or pathogenic Escherichia coli. However, low levels of other enter-
obacteria (Pantoea, Citrobacter, Enterobacter, Klebsielln and Escher-
ichia) were identified. Numerous studies (e.g. Abadias et al.,, 2009;
Alegre et al., 2010a,b) have shown that different pathogenic bacte-
ria, like E. coli, Salmonella spp., and Listeria monocytogenes can sur-
vive and grow in fresh fruit tissues, such as apples and peaches,
stored with no refrigeration or at temperatures of 10 °C or higher.
Under refrigeration conditions (5 °C) E. coli was able to survive in
apple wounds, flesh, peel and juice (Abadias et al., 2009).

Therefore, fresh-cut fruit can be a vehicle for the transmission of
foodborne pathogens such as E. coli, Salmonella spp. and L mono-
cytogenes (Sivapalasingam et al, 2004). For example, non-
pasteurized apple cider (Beuchat, 2002) and strawberries (FDA,
2011) were responsible for outbreaks of a foodborne illness due to
E. coli 0157:H7; cantaloupe (CDC 2011) was implicated in outbreaks
due to L. monocytogenes; fruit salad, cantaloupe, papaya (CDC, 2011)
and watermelon (Beuchat, 2002) were responsible for salmonel-
losis outbreaks.

Fungi, especially yeasts, are another major concern in fresh-cut
fruits as they can be responsible for spoilage by changing color,
producing gas, off-flavors and souring (Loureiro and Querol, 1999;
Tournas et al., 2006). The surface of whole fruits carries yeasts
populations (Teixido et al,, 1999) that can cross-contaminate the
fresh-cut fruit during processing. Several genera of yeasts such as
Candida, Cryptococcus, Debaryomyces, Kloeckera, Kluyveromyces,
Pichia, Rhodotorula, Saccharomyces and Zygosaccharomyces have
being referred to be present in fresh fruits (Ruiz-Cruz et al., 2010;
Tournas et al., 2006).

Despite the microbiological problems (safety and spoilage)
associated with fresh-cut produce, little data exists on evaluating
the microbial quality of fresh-cut fruit available in the Portuguese
commerce. To this end, the main aim of the present work was to
study the microbiological quality of minimally-processed apples
commercialized in the south of Portugal, including the detection of
some bacterial foodborne pathogens (Salmonella spp., Cronobacter
sakazakii and L. monocytogenes). Additionally, changes in the
microbiota were studied in packages sampled prior to and after
their best-before date. Finally, another objective of this work was to
characterize the yeast population present in the fresh-cut apples
studied due to the importance of these microorganisms as spoilers
in low pH food.

2. Methods
2.1. Samples

During 2011 (21 samples) and 2012 (47 samples), a total of 68

samples of fresh-cut apples were purchased in restaurants and
supermarkets in southern Portugal before their best before date.
Samples were obtained throughout the year and consisted of in-
dividual packs of 70 g—100 g of apple slices that were transported
to the laboratory in a cooler box and analyzed on the day of pur-
chase. The 2011 samples were collected from mid-September until
the end of November. The 2012 samples were bought in two pe-
riods; the first period, from May to the end of July (23 samples) and
the second period, from mid-September till the beginning of
December (24 samples). Two samples were studied per week. Data
related to the samples were recorded, including date and place of
purchase, lot number and expiry date.

2.2. Microbial analysis

Samples were analyzed, respecting the aseptic manipulation,
according to standard (ISO) methodologies, summarized in
Supplemental Table S1, and using Chromocult Agar (Merck,
Darmstadt, Germany) for total coliform and E. coli (Gonzdlez et al.,
2003) and Brilliance Enterobacter sakazakii chromogenic DFI
(Druggan-Forsythe-lversen, Oxoid, Basingstoke, England) for C
sakazakii (Chap et al., 2009).

Twenty five grams of each sample were diluted in 225 mL of
buffered peptone water (BPW, Oxoid) and homogenized in a
Stomacher (Model 400 Circulator, Seward, Norfolk, England) for
2 min at normal speed. From this suspension the enumeration of
mesophilic (AM) and psychrotrophic microorganisms (PM), lactic
acid bacteria (LAB), total coliform (TC) and E. coli, yeasts and molds
(YM) and staphylococci (STAPH) was performed. The remaining
suspension was incubated at 37 °C for 18 h for the detection of
Salmonella spp. and C. sakazakii. The detection of total coliform and
E. coli was performed by spread plating aliquots of the serial di-
lutions in Chromocult agar (Merck). To detect C. sakazakii, 10 mL of
the pre-enrichment suspension on buffered peptone water was
inoculated in EEbroth (Scharlau, Barcelona, Spain). After a 24 h
incubation at 37 °C, an aliquot was inoculated on Brilliance E
sakazakii chromogenic DFI (Oxoid). According to the methodology,
another portion of 25 g of the sample was homogenized in 225 mL
Half-Fraser broth (Oxoid) and incubated at 30 °C for 24 h for the
detection of L. monocytogenes.

In an extra set of 12 samples of fresh-cut apples, in addition to
the 68 analyzed, six were analyzed 5—6 days prior to their best-
before date for mesophilic and psychrotrophic microorganisms,
total coliforms, LAB and fungi. The remaining samples were stored
at 4 °C and analyzed 10—15 days after their expiration date, when
visible spoilage/alterations were detectable for the same microbi-
ological parameters.

2.3. Foodborne pathogens confirmation

Salmonella spp., L. monocytogenes and C. sakazakii presumptive
isolates, obtained after the selective plating, were streaked onto
tryptic soy agar TSA (Scharlau, Barcelona, Spain) until purification
of the colonies. Single colonies were Gram stained and tested for
cytochrome ¢ oxidase activity and catalase activity. The confirma-
tion of the pathogenic bacteria was performed using PCR with
specific genus and species primers. Pure colonies of presumptive
Salmonella spp. and C sakazakii were sub-cultured in Brain Heart
Infusion (Scharlau) and L. monocytogenes in TSB (Biokar Di-
agnostics, Beauvais, France) with yeast extract (0.6%) for further
DNA extraction. Gram positive bacteria DNA extraction was per-
formed using the guanidine thiocyanate method (adapted from
Pitcheret al., 1989) and Gram negative bacteria DNA extraction was
performed with the boiling method (Sambrook et al., 1989). All the
PCR reactions were performed in volumes of 70 pl containing
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50-500 ng DNA, 05 puM each primer, 10 M deoxynucleotides
(Promega, Madison, USA), 1.5 mM MgClz and 1 unit DNA poly-
merase (Promega). Amplifications were performed in a thermo-
cycler (My Cycler thermal cycler, BioRad, Hempstead, United
Kingdom).

2.3.1. Listeria spp. and L monocytogenes

For Listeria genus-specific and L monocytogenes species-specific
identifications by PCR of the presumptive isolates from4 samples of
fresh-cut apple, two different primer combinations derived from
the iap gene, that encodes for the protein p60 (invasion associate
protein), were used: pair UnilisA (5'-GCTACAGCTGGGATTGCGGT-
3') and Lis1B (5-TTATACGCGACCGAAGCCAA-3") (Bubert et al.,
1997). For the species L. monocytogenes, the primer pair MonoA
(5'-CAAACTGCTAACACAGCACT-3') and MonoB (5-GCACTT-
GAATTGCTGTTATTG-3") was used (Bubert et al., 1997). The DNA
amplification started with an initial denaturation phase at 94 "C for
3 min, followed by 30 cycles, each at 94 °C for 1 min, 56 °C for45 s
and 72 °C for 45 s. An elongation phase was performed at 72 °C for
5 min. The Listeria genus specific amplification product has 14 kb
and the L. monocytogenes specific amplification DNA product has
approximately 400 bp (Bubert et al, 1997). Fragment sizes were
estimated by comparison against a DNA ladder (NZYDNA Ladder 5,
NZYTech, Lisbon, Portugal).

2.32. Cronobacter spp. and C. sakazakii

The presumptive identification of Cronobacter spp. isolates, ob-
tained from 2 samples, was evaluated through the amplification of
the gene putatively encoding the a-glucosidase (gluA), according to
Lehner et al. (2006). The primers were: EsAgf: 5'-TGA AAG CAATCG
ACA AGA AG-3' and EsAgr: 5'-ACT CAT TAC CCC TCC TGA TG-3'.
Thermal cycling was carried out by using an initial denaturation
step of 94 °C for 2 min, followed by 29 cycles of denaturation at
94 °C for 30 s, annealing at 58 °C for 60 s and extension at 72 °C for
90 s. Cycling was completed by an elongation step at 72 °C for
5 min. The amplification product generated has 1680 bp.

The species C. sakazakii was identified with primer pair Csakf
(5'-ACGCCAAGCCTATCTCCGCG-3) and Csakr (5-ACGGITGGCGT-
CATCGTG-3') and PCR conditions used were denaturation at 94 °C
for 3 min, followed by 30 cycles of 94 °C for 1 min, annealing at
67 °C for 30 s, and 72 °C for 1 min. Final elongation was performed
at 72 °C for 5 min (Stoop et al, 2009). The amplification products
generated have about 500 bp. C. malonaticus identification was also
performed using the primer pair Cmalf (5'-CGTCGTATCTCTGCTCTC-
3") and Cmalr (5'-AGGTTGGTGTTCGCCTGA-3") (Stoop et al., 2009).
PCR conditions were denaturation at 94 °C for 3 min, followed by
30 cycles of 94 °C for 1 min, 60 °C for 30 s, and 72 °C for 30 s.
Elongation was at 72 °C for 5 min. The amplification product
generated has 251 bp. Fragment sizes were estimated by compar-
ison against a DNA ladder (NZYDNA Ladder 1 and NZYDNA Ladder
5, NZYTech).

2.3.3. Salmonella spp.

The presumptive identification of Salmonella spp. isolates, ob-
tained from 7 samples, was evaluated through the amplification of
the gene located on the pathogenicity island 1 of bacteria belonging
to the genus Salmonella. This gene, invA, encodes proteins of the
type Il secretion system described as essential for the invasion of
epithelial cells by Salmonelln. The PCR amplifications were per-
formed with primers 139f 5'-GTGAAATTATCGCCACGTTCGGGCAA-
3" and 1411 5'-TCATCGCACCGTCAAAGGAACC-3' (Rahn et al., 1992).
Thermal cycling started with an initial denaturation step of 95 °C
for 1 min, followed by 38 cyclesof 305 at95°C,30sat64°C,30s at
72 °C and a final extension of 4 min at 72 °C. The amplicon
generated has 285 bp (Malorny et al., 2003).

All the amplification products were electrophoresed in a 1%
agarose gel in TAE buffer and stained with ethidium bromide. Gels
were visualized under UV light in a G-Box Syngene-Genesis 10 UV
Scanner (Cambridge, United Kingdom). Fragment sizes were esti-
mated by comparison against a DNA ladder (NZYDNA Ladder 5,
NZYTech).

2.4. Yeast isolation and identification

After the incubation period, colonies were counted and yeast
representative colonies were isolated and sub-cultured onto YM
agar (yeast extract 3.0 g/l, malt extract 3.0 g/l, peptone, 5.0 g/l,
dextrose 10.0 g/l and agar 20 g/l) (Scharlau). Yeast colonies of all
morphotypes were selected according to their macro and micro
morphology, isolated in proportion to their frequencies and sub-
cultured for subsequent identification. The isolated strains were
preserved at —80 + 5 °C using glycerol (20% v/[v) as cryoprotectant
agent.

Yeast identification was performed by the PCR-RFLP (5.8S-ITS
region) method described by Esteve-Zarzoso et al. (1999) and by
sequence analysis of the region D1/D2 of the 265 rRNA gene
(Kurtzman and Robnett, 1998).

Amplification of the 5.85-ITS region: was done with the primers
ITS1 (9-TCCGTAGCGTCAACCTGCGG-3') and ITS4 (5 TCCTCCC
GCTTATTGATATGC-3') (White et al, 1990). DNAs from liquid cul-
tures were extracted according to Querol et al. (1992 ). PCR reactions
and amplifications conditions were performed as described in
Santo et al. (2012). PCR products (10 ul) were digested with the
restriction enzymes Cfol (Sigma—Aldrich, St. Louis, USA), Haelll
(Promega, Madison, USA) and Hinfl (Promega). The PCR products
and their restriction fragments were separated by electrophoresis
on 1% and 3% (w/v) agarose gels, respectively, with 1 = TAE buffer.
After staining with ethidium bromide gels were visualized under
UV light in a G-Box Syngene-Genesis 10 UV Scanner. Fragment sizes
were estimated by comparison against a DNA ladder (NZYDNA
Ladder V, NZYTech). Yeast isolates were grouped according to their
RFLP profiles and compared with the RFLP patterns described in
Coton et al. (2006), de Llanos Frutos et al. (2004), Esteve-Zarzoso
et al. (1999), Santo et al. (2012) and Valles et al. (2007).

Sequence analysis of the region D1/D2 of the 265 rRNA gene: A
representative number of isolates in each PCR-RFLP profile ob-
tained were treated to perform sequence analysis of the domains
D1 and D2 of the 265 rRNA gene (In the RFLP profiles containing up
to six isolates all the yeasts were sequenced. In the case of RFLP
profiles containing between 11 or 12 isolates, 50% of the isolates
were sequenced and in the groups containing more than 60 iso-
lates, 20 percent of them were sequenced ). PCR amplification of the
referred region in the 265 rRNA gene with the primers NL1 (5
GCATATCAATAAGCGGAGGAAAAG-3') and NL4 (5-GGTCCGT
GTTTCAAGACGG-3") (Kurtzman and Robnett, 1998) was performed.
The amplification reaction and PCR conditions were described in
Santo et al. (2012). Amplified products were sequenced by LGC
Genomics (Germany) and sequences were compared to those
available in GenBank database at the National Center for Biotech-
nology Information (NCBI) using BLAST (http://www.ncbi.nlm.nih.
gov/BLAST/) to be identified by sequence homology with
described type species.

2.5. Data analysis

Results of microorganisms’ abundance are presented as the
mean + standard error of log CFU(g. Combined microorganism’s
mean abundances (in log CFU/g) in samples prior to best-before
date were compared to packages sampled after their expiration
date using the Hotelling T2 test for two independent samples. This
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is a multivariate extension of the t test that tests differences on
vectors of mean scores of several dependent variables while
addressing the problem of “inflating” Type | error rate that would
arise when making a series of t tests (Hair et al,, 1998).

3. Results and discussion
3.1 Microbial quality

The microbial quality of fresh-cut apple samples studied is
presented in Table 1. The values of AM and PM ranged from 3.3 to
8.9 log CFU/g and 4.9 to 8.4 log CFU /g, respectively. Only 3.0% of the
samples had AM counts inferior to 10° CFU/g and 59.7% of samples
had counts between 107 and 108 CFU/g. Regarding PM 62.9% of
samples had counts between 107 and 10® CFU/g. These values are
higher than those described in Abadias et al. (2008) in fresh-cut
fruit samples that varied between 2.0 and 7.1 log CFU/g for AM
and ranged from 1.7 to 7.1 log CFU/(g for PM. Viswanathan and Kaur
(2001) also found high counts of AM in fresh-cut pineapple and
watermelon with values ranging from 6.9 to 8.2 log CFU/g and 6.9 to
8.0 log CFU/g respectively. On the other hand, Seow et al. (2012)
obtained values of AM counts in whole apples of 2.1-5.1 log CFU/
g and inferior to 5.1 log CFU/g in the case of PM numbers. However,
the microbial counts in whole fruit are lower than in fresh-cut fruit
due to the fact that the processing operations are potential sources
of contamination (Abadias et al., 2008).

Lactic acid bacteria (LAB) counts ranged between 2.8 and 8.7 log
CFU/[g. This is in contrast with the lower values obtained by Abadias
et al. (2008), 1.7 and 4.8 log CFUJg. Although LAB may include
spoilage microorganisms, some recent studies report their use as a
biological control agent in fresh-cut fruit. In fact, LAB produce lactic
acid, through homolactic or heterolactic fermentative metabolism,
and bacteriocins that inhibit the growth of some accompanying
microbiota (Alegre et al., 2011).

Regarding the total coliform (TC) counts, the levels found in the
samples analyzed herein were between 1.8 and 7.6 log CFU/g and E.
coli was not detected. According to the regulation of the European
Commission (EC, 2005, EC, 2007), the apple samples fulfilled the
microbiological criteria of food hygiene, as E. coli (hygienic criterion
for the manufacturing process) was not detected. In the study by
Viswanathan and Kaur (2001), total coliforms ranged from 43 to 7.9
log CFU/g in pineapples and between 4.5 and 6.9 log CFU/g in
watermelon samples. In the study conducted by Abadias et al.
(2008), maximum numbers of Enterobacteriaceae of 4.8 log CFU/g
were reported. According to Knittel et al. (1977), coliforms are
considered a natural occurrence on produce and their importance
as faecal indicators is limited as some species may be of non-fecal
origin. Doyle and Erickson (2006) concluded that E. coli was a
better indicator of fecal contamination than coliforms but more
recent genetic information, collected by Luo et al. (2011) may have
weaken that conclusion. Moreover, E. coli was not detected, even

Table 1

Results of mesophilic microorganisms (AM), psychrotrophic microorganisms (PM),
lactic acid bacteria (LAB), total coliforms (TC) and yeasts and molds (YM) on apple
samples.

Percentage of samples in the indicated interval

<10°  10°-105 105-10° 10°-108 =10% Range® Mean"
AM 3.0 3.0 254 59.7 9.0 3389 .7
PM 1.6 3.2 242 62.9 81 49-8.4 7.6
LAB 15 21.2 39.4 333 45 28-8.7 7.4
TC 10.4 299 46.3 134 0.0 1.8-7.6 6.6
Y™ 10.6 45.5 40.9 3.0 0.0 3.6-7.1 6.2

* Range in CFU(g per gram of apple.
b Counts are given in terms of log CFU/g.

though an increase of E. coli population has been reported in
cantaloupe after processing steps (Johnston et al., 2006).

In the analyzed fresh-cut apple samples the yeasts and molds
(YM) were also present in high numbers, ranging from 3.6 to 7.1 log
CFU/g but in relatively lower numbers when compared to bacteria.
According to the characteristics of the colonies, this microbial
population consisted mainly of yeasts. In the case of fresh-cut fruit
analyzed by Abadias et al. (2008), the levels of YM recorded were
between 1.7 and 4.9 log CFU/g. Moreover, Tournas et al. (2006)
observed mean counts higher than 6.0 log CFU/g in fresh cut
cantaloupe, pineapple, watermelon and mixed fruit salads, and of
4.4 log CFU[g in cut strawberries.

The microbiological populations (AM, PM, LAB, TC and YM) of
fresh-cut apples studied after their best before period (10—15 days
at refrigeration temperatures), when degradation signals were
visible, showed a small increase in the parameters AM, PM, and
LAB, a more pronounced increase in YM, and a slight decrease in TC
levels when compared with the results obtained in the samples
analyzed before the expiration date. Overall, the group difference
across the vectors of mean scores was found to be slightly non-
significant (Hotelling T2 = 741, p = 0.0546). However, the differ-
ences in the mean level of molds and yeasts showed statistical
significance (t test, p < 0.002) (Fig. 1).

3.2. Foodborne pathogens

Inthe “food safety criteria” at the market place (EC, 2005 and EC,
2007), L. monocytogenes and Salmonella spp. were not detected in
the fresh-cut apple studied. These results are in accordance with
similar studies performed with fresh produce where the presence
of foodborne microorganism is low or inexistent (Abadias et al.,
2008; Johnston et al., 2006 and Santos et al., 2012). Additionally,
the emergent pathogen C sakazakii was also not detected in the
same samples. The presence of C. sakazakii in food is a major
concern due to infections it may cause in babies and infants, which
makes this bacteria a hazard for children (Chap et al, 2009).
However, 5.8% of the samples studied presented coagulase-positive
staphylococci numbers ranging from <1 log CFU/g to 3.0 log CFU/g
of fruit. The contamination of food with this bacterium may result
from inadequate handling during processing but its growth and
toxin production depend on the temperature conditions.

3.3. Yeast identification

The 236 yeasts isolates obtained from 25 fresh-cut apple
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Fig. 1. Comparison of aerobic mesophilic (AM), psychrotrophic microorganisms (PM),
lactic acid bacteria (LAB), total coliform (TC) and yeasts and molds {YM) counts (Log
CFU[g, mean) in fresh-cut apple before (dark column) and after (white column) the
best before date. ***t test, p < 0.002.
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samples were identified on basis of restriction fragment length
polymorphism of the ITS-5.8 rDNA region and of sequencing the
26S rRNA gene' D1/D2 region. The yeast isolates originated PCR
products ranging from400 to 775 bp and their restriction produced
18 different RFLP profiles as shown in Table 2. Isolates in each group
ranged from 1 to 113 (Table 2). According to the results, yeast iso-
lates were grouped into 15 species belonging to 10 genera. Profiles |,
VI and XV did not originate D1/D2 rDNA sequences identical to any
reference species and thus were only associated with genera
Candida, Satumispora, and Hanseniaspora, respectively.

The greatest number of isolates obtained from the minimally
processed apples corresponded to the ascomycetous Candida sake
(profile IV) and Pichia fermentans (profile V), which were isolated in
frequencies of 479 and 25.4%, respectively. C. sake is a ubiquitous
microorganism, component of the epiphytic microbiota of fruits
that has been isolated from the surface of apples and cider musts
(Coton et al., 2006) and showed antagonistic activity in vivo against
a wide spectrum of postharvest pathogens of pears and apples
(Vinas et al, 1998; Usall et al., 2000, 2001). P fermentans is a biofilm
producer on fruit surfaces and has shown biocontrol activity
against brown rot caused by Monilinia on apple fruit when inocu-
lated in artificial wounds (Giobbe et al., 2007). Besides C. sake, four
more species of the genus Candida were isolated, C. incommunis
(5.5%), C. glaebosa (0.8%), C. oleophila (0.4%) and two isolates of a
non-identified species (Candida sp.). The species Hanseniaspora
uvarum (profile XVI) represented 5.5% of the isolates collected from
the apples. From the same genera one isolate of Hanseniaspora
osmophila (profile XVII), two isolates of Hanseniaspora valbeyensis
(profile XVIII) and one unidentified species (Hanseniaspora sp.
profile XV) were also collected. The presence of species of the genus
Hanseniaspora have always been reported in apple/cider musts
namely in the early phases of the cider making processes (Coton
et al., 2006) constituting major species in the apple juice (Valles
et al,, 2007). These yeasts, characterized by low fermentative ac-
tivity, have also been frequently found on the surface of fruit
(grapes, strawberry tree fruit), in the first phases of the fermenta-
tions (Santo et al., 2012). The genus Metschnikowia includes species
found commonly in the fruit surfaces and 2.5% of the isolates
collected in fresh-cut apples were identified as M. pulcherrima
(profile I1). Metschnikowia spp. has been used as a biocontrol agent
against postharvest rot caused by Botrytis cinerea and other post-
harvest pathogens in apples, peaches, and grapes (Parafati et al.,

Table 2

2015). It should be noted that the genera Hanseniaspora and
Metschnikowia are the most common non-Saccharomyces yeasts
found in the beginning of fruits’ alcoholic fermentations, including
grapes, apples and strawberry tree fruits (Santo et al,, 2012; Valles
et al,, 2007). They have been reported to produce ethyl acetate and
acetic acid before and during initial fermentation steps responsible
for spoilage of alcoholic beverages (Romano et al., 2003) and may
be also related to spoilage of fresh-cut fruit. Zygotorulaspora fior-
entina (profile 1X), a species belonging to a genus frequently related
to spoilage of foods, was detected in fresh-cut apples with a per-
centage of 0.8%. Regarding the basidiomicetous yeasts, Rhodotorula
mucilaginosa (profile XIV) was isolated in percentage of 1.3% and
has been referred to be part of the phyllosphere of plants and iso-
lated from a wide variety of fruits (Janisiewicz et al.,, 2010; Santo
et al., 2012; Trindade et al., 2002). Cryptococcus carnescens (pro-
file VII) and Cryptococcus flavescens (profile VII1) were identified in
relative frequencies of 1.3% and 0.4%. Species of this genus were
already isolated from leaves of different Mediterranean plants
(Inacio et al,, 2005), from Brazilian fruits (Trindade et al,, 2002) and
nectarines (Janisiewicz et al., 2010). Basidiomicota yeasts belonging
to the Cryptococcus and Rhodotorula are common in fruits and have
been reported to be effective as biocontrol agents in nectarines
(Janisiewicz et al., 2010). Additionally, some of them have been
reported as being able to produce killer toxins (Trindade et al,
2002). The isolates identified as Cystofilobasidium infirmominia-
tum (profile X) were present in a percentage of 1.3% and their
behavior as a biological control agent was reported on apples and
citrus, against postharvest diseases during storage (Vero et al,
2011). Its presence in frozen vegetables was referred to in
Sampaio et al. (2001) and is related to a preference shown by
species of the genus Cystofilobasidium for low temperatures. Ac-
cording to Tournas et al. (2006) high levels of yeasts may be an
indication of high contaminated raw material or lack of adherence
to good manufacturing practices during the processing, distribution
and selling of the food. In their study, Pichia spp., Rhodotorula spp.,
C. pulcherrima, C. lambica, C. sake and Debaryomyces polymorphus
were the most common yeasts isolated. Lack of hygienic practices
during the processing of fresh-cut fruit increases cross contami-
nation and the microbial load on the skinned fruit surfaces.
Although some of the yeasts described in the present study are
associated to food spoilage, none of the isolates known to be
opportunistic pathogens, such as Candida albicans and Cryptococcus

Identification of yeast isolates obtained from the fresh-cut apples through PCR-RFLP and partial sequencing methods (RFLP profiles, PCR products, restriction fragments,

isolation percentage and identified species®).

RFLP group/ PCR product Restriction fragment (bp) % lsolation Mame®

profile (bp) ol Haelll Hinf1

I 400 200 + 120 + 80 400 210 + 190 09 Candida sp.

11 400 205 + 100 + 95 280 + 100 200 + 190 25 Metschnikowia pulcherrima
1 425 400 425 225 + 200 5.5 Candida incommunis

v 450 250 + 200 450 230 +220 478 Candida sake

\Y 450 170 + 100 + 100 + 80 340 + 80 + 30 250 + 200 254 Pichia fermentans

Vi 500 150 + 100 + 80 + 80 380 + 120 200 + 190 + 110 1.7 Saturnispora sp.

vi 530 280 + 250 450 + 80 250 + 250 + 30 13 Cryptococcus carnescens
Vil 550 280 + 190 + 80 550 300 + 180 + 70 0.4 Cryptococcus flavescens

X 600 275 + 185 + 80 590 295 + 295 0.9 Zygotorulaspora florentinus
X 600 250 + 240 + 110 520 + 80 250 + 190 + 170 13 Cystofilobasidium infirmominiatum
X1 625 300 + 265 + 60 400 + 115 + 90 320 + 300 25 Meyerozyma guilliermondii
X 630 590 630 320 + 320 09 Candida glaebosa

X 630 295 + 295 420 + 140 + 80 320 + 320 0.4 Candida oleophila

XNV 640 320 + 240 + 80 425 + 215 340 + 225 + 75 13 Rhodotorula mucilaginosa
XV 730 315 + 315 500 + 230 250 + 200 + 150 + 100+30 0.4 Hanseniaspora sp.

XVl 775 320 + 310 + 105 775 385 + 200 + 160 + 80 5.5 Hanseniaspora uvarum
XVl 775 290 + 160 + 140 + 100 + 70 480 + 130 + 105 + 90 385 + 385 0.4 Hanseniaspora osmophila
XV 775 670 + 105 775 250 + 220 + 160 + 110 09 Hanseniaspora valbeyensis

# Taxonomic name obtained through the sequence of the 265 rRNA gene' D1/D2 region of a representative number of isolates of each group.
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neoformans, were found in any sample analyzed. However, yeasts
have been related with the development of some allergies, in-
flammatory bowel disease and infections in immunologically
affected individuals (Loureiro and Querol, 1999). On the other hand,
some of the isolated yeasts have been associated to biological
control in different situations.

The microbial populations found in this study (AM, PM, TC, LAB
and molds and yeasts) tended to be higher than other studies.
There are certainly differences in the type and characteristics of the
samples (whole fruits, cut fruits, degree of maturation, cultivar,
among others), the points of the food chain where the samples
were collected and the extension of the production and distribution
chains and marketing period. The microbial quality of fresh-cut
fruits may also reflect the great diversity of conditions prevailing
during cultivation, harvesting and processing. Nevertheless,
regarding the apple samples analyzed during the present study,
none of the samples analyzed prior to their best-before date were
spoiled, based on visual appearance. On the contrary, the apples
slices studied after the expiration date showed some signs of visual
spoilage (brownish color, texture, presence of gas, dehydration) and
a significant increase (t test, p < 0.002) in the levels of yeasts was
detected.

Most microorganisms have difficulty penetrating the skin of
intact fruits but when protective barriers are destroyed they can
colonize tissues and grow resulting in a spoilage problem or a public
health threat. Another important aspect related with the microbial
quality of fresh-cut fruits is the maintenance of refrigeration tem-
peratures. This may lead us to think that during the production
chain, temperature abuses may arise allowing conditions for certain
groups of microorganisms to grow. Abuses of temperature during
any phase of the processing, distribution or selling will increase
microbial load especially psicrotrophic microorganisms and yeasts
as some of them have a psychrotrophic profile.

4. Conclusion

The present study is the first work carried out to provide in-
formation on microbial quality of fresh-cut apple available in
Portugal. The results obtained revealed high levels of the different
groups of microorganisms, though none of the samples were pos-
itive for E. coli, C. sakazakii, Salmonella spp. and L. monocytogenes.
According to the regulation of the European Commission (EC, 2005,
EC, 2007) the apple samples fulfilled the microbiological criteria of
food hygiene (manufacturing process) and safety (market place).
The presence of coliforms (100%) and staphylococci (5.8%) in the
samples indicates the potential of this kind of food becoming a
microbial vehicle, as well as highlighting the need to improve
control measures and hygiene in the selling, distribution and pro-
duction of fresh-cut apple. A great diversity of yeast species was
identified and some of them associated with food spoilage. How-
ever, opportunistic yeast pathogens were not detected. Fresh-cut
fruit processors should be aware that the adherence to good
manufacturing practices programs will result in fruit with lower
microbial populations of mesophilic and psychrotrophic bacteria
and yeasts, thus increasing overall quality. It is important to reduce
the risk of spoilage, which is often associated with a low organo-
leptic profile, short shelf-life, high economic losses as well as
increased public health risks.
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total of 160 samples was purchased in the local grocery stores between September 2011 and August 2014,
before their sell-by date. These samples were assayed for aerobic mesophilic (AM] and psychmtrophic
(AP) microorganisms, yeasts and maolds (YM), lactic-add bacteria (LAB), coliforms (TC), Escherichia coli
and coagulase posidve staphylococci as well as L. monocytogenes and Saimonella. The microbiological
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Safety counts mnged from 3.0-92 1g cfulg (AM); 22107 g cfujg (AP); 2.3—104 Ig dfujg (YM); 1990 lg Fulg
5 i Lage (LAB) and less than 1-9.1 lg ofu/g (TC). The melons and watermelon presented the highest levels of the
Salmaonella microbial quality parameters studied. However, no E. coli, staphylococci, Saimonells and L monocyogenes

Lisreria momocy mgenes were detected in any of the samples. After the sell-by date, an increase of the AM, AF, LAB and YM values
was ohserved in all fruits. Conversely, the differences found in TC counts before and after the best-before
date had no statistical significance. A decrease in pH was observed in all fruits except pineapple whose
pH slightly increased after 14 days of storage. The results highlight the importance of preventing
contamination and cmoss contamination, selecting adequate decontamination technologies and main-
taining a strict temperature control during processing, distribution and selling of RCF.

@ 2016 Elsevier Lid. All rights reserved

1. Introduction MNewport inwater melon ready to eat {Byrne et al, 2014). Pathogenic

Escherichia coli has also been found in outbreaks involving fresh

During the last few decades, fresh produce, induding fruits,
have emerged as a new vehide for the transmission of food -borne
diseases associated with edological agents that in the past were
ascribed to animal reservoirs. An inorease in outbreaks has been
reported all over the world ( Denis, Zhang, Lerows, Tridel, & Bietlot,
2016; Sivapalasingam, Friedman, Cohen, & Tauxe, 2004), Some of
the last outhreaks attributed o Salmonella enteriocn in fresh fruic
indude Salmonela Braenderup in mangoes (CDC, 2012a), Salmo-
refla Typhimurium and Salmorella Newport in cantaloupe (CDC,
2012b), Salmonella Agona in papayas (CDC, 2011a) and Salmomella
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produce through the consumpton of raw sprouts (CDC, 2014),
ready-to-eat salads (CDC, 2013), organic spinach (CDC, 2012c) and
romaine lettuce (CDC, 2010; 2012d). Additionally, listeriosis is
among the most important cases of outhreaks in the United States
involving the mnsumption of cantaloupe (COC, 20011b) The factors
that may have cmniributed to the emergence of fresh produece as a
cause of outbreaks are the natural evolution of microorganisms, the
changes in the industry, in the population charaderistics and in
consumer behavior. On the other hand, the enhanced epide mio-
logical surveillance and the application of new techniques to
identify and track the pathopens have increased, thus resulting in a
greater awareness of food borne infections worldwide (Bewchat,
2002: Brandl, 2006: Tame et al, 1997). The emergence of
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pathogens with low infection doses and the ability of microor-
ganisms acquiring virulence or pathogenicity factors through nat-
ural evolution mechanisms are fundamental aspeds in
understand ing the rise of fresh food products as responsible for
diseases associated in the past to animals' reservoirs (Croxen et al.,
2013: Melo, Andrew, & Faleiro, 2015 van Elsas, Semenov, Costa, &
Trevors, 2011} Within the indwustry, mass produdion and centeal-
ization of the production/processing systems generates large dis-
tribution networks implying an increase involumes of impor @ tion |
exportation of fresh fruits and vegetables and the rising of the
fresh-cut industry, which may contribute to these problems (Denis
et al, 2016 The increase in the at-risk populations (elderly,
immune-compromised ), and the consumption of minimally pro-
cessed fruits and vegetables may also have led to increased out-
breaks (Beuchat, 2002; Brandl, 2006; Denis et al, 2016; Tauxe et al.,
1997,

The minimally processed fruits are characterized by having non-
sterile cut surfaces which are physiologically active and rich in
nuirients and water. These foods are raw, ready-to-eat and not
subjected v any thermal or chemical proeess of preservation
(Berger et al, 2010: Nguyven-the & Carlin, 1994: Olaimar & Holley,
2012). For this reason, fresh-cut fruits are susceptible to microbi-
ological contamination in the various stages, from food processing
to distribution and commercialization (Barth, Hankinson, Zhuang,
& Breidt, 2009; Francis et al, 2012). If the processing operations
are improper and storage and distribution occur in inadequate
conditions (temperature), some microorganisms from the initial
population or resulting from cross contamination, can survive amd
multiply, accelerating the degradatdon processes (in the case of
spoilage microorganisms) and/or increasing the risk of food
becoming a danger to public health (in the case of pathogenic mi-
croorganisms ). Additionally, the trend to increase the shelf-life of
refrigerated foods can allow the growth of psychrotrophic patho-
gens such as Listeria monooyogenes (Melo et al, 2015 This trend
and the use of packaging techniques, such as modified ammosphere,
contributes to inhibit the growth of aerobic microbiota but does not
inhibit facultative anaerobic and anaerobic pathogenic microor-
ganisms that may have the ability to survive and multiply under
these conditions. The microbial growth on food products during the
chain of production and commercializadon are believed to be one
of the main causes of the majority of outbreaks (Codex
Alimentarius Commission, 1999) and spoilage. Furthermore, the
ability of microbiota to subsist and/or grow at different te mpera-
tures in fresh-cut fruits have been described by several researchers
[Abadias, Usall, Anguera, Solsona, & Vinas, 2012; Alegre, Abadias,
Anguera, Oliveira, & Vinas, 2010; Alegre, Abadias, Anguera, Usall,
& Vinas, 2010: Dingman, 2000; Salarar, Lourenco, Graca, Quintas,
& MNunes, 2015: Santo, Graca, Nunes, & Quintas, 2016). The micro-
bial quality of fresh-cut fruit is of concern, not only from the food
safety point of view, but also due to the spoilage involved in the
reduction of shelf-life which results in huge economic losses
(Johnston et al, 2006). The presence of spoilage microorganisms,
mainly yeasts, lactic-acid bacteria and pect nolytic psewdomonas,
may explain the off-favor formadon, slimy surface, wemess, soft
rot, changing color and wisual microbial growth/colonies (MNguven-
the & Carlim, 19%4) Those spoilage microorganisms may have a
mesophilic or a psychrophilic behavior such as lactic-acid bacteria
(Pothakos et al, 2014).

The main objective of the present work was m study the
microbiological quality of fresh-cut fruits in the marketplace in
southern Portugal (Algarve ), through the enumeration of aerobic
mesophilic and psychrotrophic micobiota, total coliforms and
E. coli, lactic-acid bacteria, coagulase-positive staphylococc and
fungi. The detecton of the food safety parameters Salmorne o spp.
and L monocytogenes was also anobjecive of this work. Inaddition,

Portugal

a dharacerization of the microbiological parameters [aerobic
mesophilic and psychrotrophic micobiota, total coliforms, lactic-
ackd baceria and fungl) of the fresh-cut fruits before and after
their sell-by date was performed.

2, Matenal and methods

Atotal of 160 packed samples of fresh-cut fruits were bought in
retail markets in Algarve { Portugal) before their sell-by d ate during
the period of 2011 and 2014, Samples of individual packs (70 g -
100 g) of fruit pieces were purchased throughout the yvear and
transported to the laboratory in refrigeration conditions. For each
sample, date, place of manufacture and purchase, lot number and
best-before date were registerad. One hundred and five fresh-cut
fruit samples were examined on the day of buying before their
best-before date (pineapple: 29; mango: 9; papaya: 10; green
melon: 19; cantaloupe melon: 7; Galia melon: 12; watermelon: 8;
strawberries: 4: fruit salads: 7) for mesophilic (AM) and psychio-
trophic (AP) aerobic counts, yeasts and molds (YM), lactic-acid
bacteria (LAB), total coliforms (TC), E coli, coagulase positive
staphylococc (STAPH) and for the safety parameters Listeria mor-
ocytogenes and Salmonella sp.. Fifty-five fresh-cut samples {pine-
apple: 10; mango: 9 papaya: 6; ereen melon: 9; cantalou pe melon :
7: Galia melon: 9; watermelon: 5) were analyzed before (5—6 days)
and after their best-before date (when visible spoilage was detec-
ted). The microbiological parameters studied were AM and AP, TC,
LABR and ¥ML. The pH values of the fruits were also studied in the
fresh-cut fruit before and after the expiration date. The set of 55
packed samples of fresh-cut fruit studied after their expiration date
were stored, unopened, at 4 “C for 10—14 days when observable
spoilage was noticed. Then the packages of these samples were
opened and analyzed for the microbial parameters, The pH values
measurements were performed, before and after the expiration
dates, using a digital Crison instrument, GLP 21 pH meter, equipped
with a penetration electorode, at 21 “C. For each sample, the pH was
measured in 2 pieces of fruit in triplicate.

21, Microbiological anabysis

The microbiclogical quality of fresh-cut fruit samples was
studied according to standard methodologies ([SO) summarized in
Supplemental Table 51 and using Chromocult Agar {Merck, Darm-
stadt, Germany) for coliform and Escherichia coli (Conzilez,
Tamagnini, Olmos, & Sousa, 2003).

Subsamples of twenty-five grams of each fruit package were
diluted in 225 mL of buffered peptone water (BPW, Oxoid) amd
homogenized in a stomacher (Model 400 Circul ator, Seward, Nor-
folk, England) for 2 min, at regular speed. The enumeration of AM,
AP LAB, TC and E. col, YM and STAPH was performed from this
suspension. The remaining suspension was incubated at 37 <C for
18 h for the detection of Salmonella sp. The accountng of total
coliform amd E colf was performed by pouring plating aliquots of
the serial dilutions in Chromocult agar Another portion of 25 g of
the sample was homogenized in 225 mL Half-Fraser broth {Oxoid,
Basingstoke, England) and incubated at 30 “C during 24 h for the
detecion of L monocytogenes,

22 Pathogen confirmation

Presumptive isolates of salmonelln spp. and L monocy ogenes
were mllected from 5 to 2 samples of fresh-cut fruits, respectively.
Colonies were streaked onto TSA (Tryptic Soy agar, Scharlau, Bar-
celona, Spain) until their purification and were then tested for
Gram stain, cytochrome C oxidase and catalase activides. Pre-
sumptive mlonies of Samonella spp.were cultivated in Brain Heart
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Infusion (Scharlau) and L monocytogenes in TSE (Biokar Di-
agnostics, Beauvais, France) supple mented with veast extract (0.6%)
for further DNA extraction. The guanidine thiocyanate method
{adapted from Pitcher, Saunders, & Qwen, 1989) was used for DNA
extraction of Listeriasp. isolates and the boiling method {Sambrook,
Frisch, & Maniatis, 1989) was employed for DMNA extraction of
Salmonella sp., presumptie isolates. PCR reactions with specific
genus and species primers were achieved for the confirmadon of
the identity of the food bor ne pathogens. The PCR mixtures (70 pl)
were prepared [S50-500 mg DMA, 0.5 pM each primer, 10 pM
deoxynucleotdes (Promega, Madison, USA), 1.5 mM MegCl: and 1
unit DNA polymerase (Promega)] and amplifications cocurred in a
thermocycler (My Cycler thermal cycler, BioRad, Hempstead,
United Kingdom). Amplification products were analyzed in a 1%
agarose gel stained with ethidium bromide with 1= TAE buffer and
observed under UV light in a G-Bax Syngene-Genesis 10 UV Scan-
ner (UK). Amplicons sizes were estimated by comparison against a
DMNA ladder (NZYDMNA Ladder 5, NZYTech, Lishon, Portugal)

221, salmonella spp.

Salmonelln spp. presumptve colonies were studied through the
amplificaion of the gene mvd encoding proteins of the type [l
secretion system which has been associated o the ability of Salmornela
to imvade epithelial cells. The primers 1390 5-GTGAAATTATOGC-
CACGITCGLGCAA-S and 141r 5'-TCATCGCACCGTCAAAGCAACC-Y
were selected o perform the PCR reacdons and the PCR producs
generated has 285 bp (Kahn et al, 1992). The amplification started
with the denanuration step at 95 <C for 1 min, followed by 38 cycles of
denam e ton 2095 ©C for 30 5, annealing at 64 ©Cfor 30 5, extension at
72°C for 30 s and a final extension at 72 °C for 4 min (Malomy et al,,
2003)

222 L monocyiogenses

L maorocytogenes presumptive cmolonies were studied with two
primers’ pairs resultant from the iap gene that encodes for invasion-
assodate protein (protein p60). The first pair of primers were spe-
cific for all Listeria species: UnilisA {5 -GCTACAG CTGGGATTG OGGT-
3y and Lis1B (5-TTATACGCGACCGAAGCCAA-3'). The second
primers’ pair was specific for the species L monocytogenes | MonoA
(5 CAAACTCCTAACACAGCACT-3')  and MonoB (5-GCACTT-
CAATTCGCTGTTATTG-3'). The amplification began with an initial
denaturation step for 3 min at 94 °C, followed by 30 cycles of
denaturation for 1 min at 94 °C, annealing for 45 s at 56 “C and an
extension at 72 “C during 45 5. A final elongation period at 72 <C,
occurred for 5 min The Licteria genus PCR prod uct has 1.4 kb and the
L monocytogernes PCR product has about400 bp { Bubert et al, 1997,

23, Dara analysis

Results of microor ganism's counts (lg cfufg) and pH measure-
ments are presented as the mean + standard error. Mioroor ganisms
mean abundances (in lg cfu/g) and pH values of samples prior to
best-before date were compared o packages sampled afier their
expiration date using the t-Student test for two independent
samples. The two-sample t-test is very robust to normality and to
constant variances of sample data while accounting for the amount
of available information via the degrees of freedom (Vining &
Kowalski, 2011 )

3. Hesulis and discussion
3.1. Microbiological aralysic

The micobial quality of fresh-cut fruit was performed on sam-
ples purchased at the marketplace insouthern Portugal (Algarve) in

Portugal

the largest national supermarkets. The serobic mesophilic (AM)
mean unts of the stedied fruits ranged from 3.0 © 92 lg ciulg
(Table 1) Only 3.0% of the samples had counts higher than 8 g cfufg
and 52,06 lower than 5.0 lg cfu/g Watermelon, mango and canta-
loupe melon were the fruits with the highest AM mean counts (6.4,
5.6 and 5.5 lg cfu/g respectvely ). The lowest AM counts were foumd
on fresh-cut pineapple, with 81.5% of samples having AM counts
lower than 5 lg cfuje. Gracaetal. (2015) described results on fresh-
cut apples where AM counts ranged from 3.3 to 89 lg cfufe.
However, only 2.9% of the apple samples had AM counts inferior to
10° cfu g and 59.7% of samples had counts between 107 and 108 cfu)
g. Abadias, Usall, Anguera, Solsona, and Vinas (2008) found lower
values in fresh-cut fruit samples studied in Catalonia (Spain) with
results that varied between 2.0 and 7.1 lg du/g and 90.4% of their
samples had AM counts inferior o 5 lg cfu/e. On the contrary, a
study conducted by Viswanathan and Kaur (2001) found higher
counts of AM on pineapple (6.9-82 lg du/g) and watermelon (6.9
and 8.0 lg cfu/g) when ompared to those obtained in the present
work,

The enumeration of aerobic psychrorophic microorganisms
(AP) is presented in Table 2. The AP mean counts ranged from 2.2 to
10.7 lg cfufg and 371% of the samples had counts lower than 5 g
cfulg. Cantaloupe melon, green melon and Galia melon had the
highest mean AP counts (6.2, 5.7 and 56 lg du/e, respectively]l AP
counts obtained were higher than the ones ob@ined by Graca et al.
(2015) on fresh-cut apples and by Abadias et al. (2008) on fresh-out
fruits, where the highest counts were 84 and 71 lg cfufg, respec-
tively. Whether the number of psychrotrophic microorganisms is
high or low it should be emphasized that these miorobes are able to
grow at refrigeration temperatures, thus contributing to the
spoilage of the fruits. However, not all psychrotrophic species cause
food spoilage. In addition, if this group contains any pathogen
species they will also be able to grow.

The total plate counts (AM and AP) are useful indicators of
existing favorable conditions of multiplication of microorganisms,
of effident application of good hygienic pracices and adequate
temperature control during the entire food producion chain
(Aycicek, Oguz, & Karci, 2006).

Y¥M counts (Table 3) were lower than the levels of mesophilic
and psychrotrophic populations. The range in which this microbial
group was found in the fresh-cut fruit stud ied was 231004 lgcfuls.

Only 2.8% of the fresh-cut fruit samples had counts superior to
8 lg cfu/g and 62.9% of the samples had counts inferior to 5 lg cfule.
Strawberries, pineapples and mango, presented the highest mean
¥M counts (5.2, 5.1 and 4.7 lg cfufe, respectively). Tournas, Heeres,
and Burgess (2006) observed higher ¥YM contaminaton levels on
fresh-cut cantaloupe, pineapple, watermelon and mixed salads
with counts higher than 6.0 lg cfuf/g and lower in fresh-cut straw-
berries (4.4 lg cfufg). Graca et al. (2015) also found high ¥M counts
on fresh-cut apple samples with values ranging from 36 to
71 lg cfufe On the mntrary, fresh-cut fruit samples analyzed by
Abadias et al. (2008) had lower levels of ¥M contamination with
counts between 1.7 and 4.9 lg cfu/g As in the case of the sudy
conduced by Graca et al. (2015) on fresh-cut apples, this microbial
population onsisted mainly of yeasts. According to Tournas et al.
(2006) the presence of high levels of yeasts may result from high
contaminated raw fruits or lack of hygienic practces

Regarding LAB counts (Table 4), a great percentage of the sam-
ples had a contamination inferior to 5 lg cfu fg (67.6%) and only 1.0%
had counts superior to 8 lg du/e The highest means of LAB were
found in watermelon, papaya and green melon (5.9, 5.2 and 5.1 g
cfu g, respectively). Graca et al. (2015) observed higher contani-
nation levels of LAB on fresh-out apples with counts bepwveen 2.8
and 8.7 lg du/g In the case of the fresh-cut fruit analyzed by
Abadias et al. (2008) the resuls observed were much lower with
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Portugal
Talsle 1
Aerolic mesophilic miooorganisms (AM) in the Tresh-ast Fruit samples analyzed.
Percentage of samples in the indicated imterval
n <107 * 1074—10# E—107 107108 »108 Range™ Me an®
Tvtal 100 320 26.0 4.0 5.0 30 3.0-92 52
Fineapple 27 Bl5 14.8 LT 3.7 o0 3.0-72 45
L ETH L] 6.7 o 11.1 [111) 2232 3.9-92 56
Papaya 9 556 333 iy 11.1 [111] 40-74 5.1
Green melon 17 529 235 11.8 59 59 37-89 53
Galia melon 12 417 250 133 [111] [111] 4,668 53
Canital oiapse: mEhoan 7 14.3 T4 14.3 0.0 0.0 4.5—6.6 35
Wt ermel on B il 375 375 250 [111) 532-75 64
Srrawheiry 4 50,0 250 x50 [111] [111] 32-69 50
Fruit salads 7 1Y 429 36 0 0 4.1-68 54
* Range in ofu per gram of fnoe
® Counts are given in terms of 1g chafg.
Talsle 2
Asrobic psyduratroplic microorganisms (AP in the Fresh-cut Fuits analyzed.
Percentage of samples inthe indicated imterval
i <10 10— 10F 10°— 107 1—10 =10 Fea rige ™ Me an”
Tvtal 105 371 2.4 17.1 95 18 232-107 55
Fineapple - 367 6.7 10.0 (i1 11] i3 25-87 54
Mangn 9 a4.4 333 11.1 11.1 oo d4-T70 54
Papaya (L] 5000 0.0 0 2000 o 13-8.0 52
Green melod 1] 368 158 316 105 53 27-88 57
Calia melon 2 417 250 250 oo B3 19-107 56
Canital napse: ko 7 143 429 143 143 143 33-106 62
Watermelon 8 250 5.0 250 [111) oo 2365 53
Srrawherry 4 250 5000 250 [1T1) o 4.0-69 54
Frusit salads 7 429 286 143 143 o 232-73 49
* Range in cfu per gram of fnsic
= Counts are given in terms of 1 chyjg.
Talsle 3
Yeasts and molds (YM)in the fresh-cot froits analyed
Percentage of samples inthe indicated interval
n <l 10°= 107 10510 107— 100 =108 Rarge® Mean™
Tvtal 105 629 257 4.8 38 28 23-104 47
Fineapple - 448 414 () 69 ol 26-73 5.1
Mangn 9 778 11.1 [111] [111) 11.1 3.5-8.1 a7
Papaya L] TO.O 10.0 o0 200 o0 27-15 45
Green melon 1] TRG 158 53 [1T1) o 2366 d
Calia melon 2 750 167 [i11] oo 83 1.1-100 45
Canital napse: ko 7 B5.7 0o 0.0 [L11] 143 27-104 LT
Watermelon 8 5000 5000 [111] [111) oo 332-56 a6
Strawlermy 4 50,0 250 50 o0 o0 3866 52
Fruit salads 7 429 429 143 [1T1) o 2567 a6

A Range in ofn per gram of fnne
B Counts are given in terms of 1 chufg.

counts between 1.7 and 4.8 lg cfufe.

TC values (Table 5) ranged from less than 1.0 to 91 g cfufg amd
T72% of the samples analyzed had counts lower than 5 1g cfufg. The
highest TC mean values were found onwatermelon, canaloupe amd
papaya (5.2, 48 and 44 lg cfufg). Viswanathan and Kaur (2001)
conducted a study where they obtained counts of TC from 4.3 to
79 lg dujg in pineapples and between 4.5 and 69 lg cfulg in
watermelon samples. In the study by Graca et al. (2015) TC were
counted in fresh-cut apples with values ranging from 18 to
76 lg cfufg. Coliforms occur naturally on produce and thus their
importance as fecal indicators is limited, as some species may be of
non-fecal origin { Doyle & Erickson, 2006). Additionally, none of the
samples studied contained E. coli therefore, the fruit samples

analyzed complied with the microbiological criteria of food hyziene
according © the regulation of the European Commission | EC, 2005;
EC, 2007}

Regarding the food safety parameters at the marketplace (EC
2005; EC, 2007), L monocytogenes and Salmonella spp. were not
detected in the fresh-cut fruit samples studied, which is consistent
with other published studies where parthogens were in very low
numbers or non-existent (Abadias et al, 2008; Denis et al, 20016;
Graca et al, 2015; Johnston et al, 2006; Santos et al., 2012). Addi-
tionally, the coagulase positive staphylocooci were also not detec-
ted. This desirable situaton, regarding the absence of those
pathogenic microorganisms, clearly depends on the appropriate
processing conditions (respecting good manufaduring practices)
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Portugal
Table 4
Laaic-add bacteria (LAB) in the Fred-cot Ineits analyeed.
Percentage of samples in the indicated i nterval
n <10 10F=10F 1F=10" 0 =104 =108 Range® Mean®
Tovtal 102 676 176 98 i9 1.0 19-9.0 45
Pinea pple 9 818 138 14 [T ol 2068 38
Mlamgn 9 B9 [111] 0 [T 11.1 19-9.0 a4
P parya 10 LT 40,0 ([iT1] (L] ol 13-77 52
Green melon 16 625 63 250 a3 ol 34-TH 5.1
Galia melon 12 TA0 167 B3 [T ol 19-58 a4
Cantaloupe melon 7 T4 286 0 [T ol 34-58 43
W termel oa B 250 375 125 50 ol 48-7T3 59
Strawherry a4 TA0 [111] 250 [T ol 215-67 43
Fruit salads 7 571 286 143 [T ol 16-6.6 49
* Ramge in cfu per gram of ol
® Counts are wven in terms of g clufe.
Table 5
Textal calikrms (TC) i the fresh-cist it anahzed.
Percentage of samples in the indicated imterval
n <10H 1#—10F 1F—107 107 —104 =108 Range® Mean®
Tovtal 101 T2 129 59 0 3.0 ND-3.1 i7
Pineea pple 27 B9 3.7 3.7 LT 3.7 ND-3.1 24
Mela g 9 718 0.0 LiL) LT 222 0T-84 43
Pa parya 9 718 0.0 111 11.1 o0 1077 4.4
Green melon 18 T2 167 111 [T oo 0766 a1
Galia melon 12 T 250 L1} [T oo 17-55 432
Cantaloupe melon 7 419 37.1 o0 L] o 3460 4.8
Watermel om -4 615 125 125 12.5 o 41-T0 52
Strawlbermry 4 100.0 0.0 o0 L] o 3245 37
Fruit salads 7 714 143 143 LT o0 ND-&.5 4.1

HD-less than 1.01g chujg.
A Ramge in ol per gram o fruii
¥ Counts are given in terms of lg cfuf.

and the storage under strict refrigeration emperatures, Any abuse
of the e mperatures may permit the growing of eve ntual foodborne
baceria o levels responsible for diseases, especially in case swrage
oocurs during long periods of time, which may allow psychro-
trophic microorganisms, such as L monocytogenes, o grow. How-
ever, foodborne baderia may be inhibited by antimicrobial
compounds of plant/fruit or microblal origin (Gyawali & [brahim,
2014). In reality, natural microbiota cocurring on food has been
recognized 25 being able to inhibit foodborme bacteria due to the
production of antmicrobial substances (primary or secondary
metabolites ) or competition {Alegre et al., 20013).

The microbiological parameters reported for the FCF tended to
be high, although the samples stud ied did not show visible signs of
spoilage. In fact, the level of micreorganisms counted in the fruits
studied were, in general, higher than the results presented by
Abadias et al. (2008) for fresh-cut fruits. However, these authors
studied apple, peach, orange, mango and pineapple, whereas this
present work also included papaya, different oypes of melons and
watermelon, which are fruits with higher values of pH. These fruits
had the highest levels of AM, AP, LAB and TC. Watermelon (pH-
5.70) was the fruit that presented the highest counts of AN, LAB
and TC and cantaloupe melon (pH-708) samples presented the
highest values of AP and was the second most contaminated with
TC. The melons, including watermel ons and cantaloupe, have been
linked to outbreaks and associated to high risk of microbial
contamination and growth (Byrne et al, 2014) The microbial
quality of fresh-cut fruit depends on the fruit variety, minimal
processing operatons and packaging and storage conditions. The
survival and growth of microorganisms on the fruit are affected by

various intrinsic and extrinsic factors. Among the intrinsic factors
are the numrient content, water activity (aw) redox potential,
texture of the tissues, the presence of antimicrobial compounds, as
well as the pH and the buffering capacity. On the other hand, the
survival and growth of microorganisms in fruit are also dependent
on their physiological actvity (viability, specific growth rate) amd
ability o adapt to sress wnditions as well as their behavior in
mixed populatons (competition, antagonism and symergism)
{Beuchar, 2002; Francis et al, 2012), However, the onditions
dependent on processing operations may alter the previous factors
contributing to changes in the microbial populaton. The oper ations
of auing, slicing, shredding, peeling increase the likelihood of
contaminaton through cross mn@Emination from other material{
utensils/equipment during the varous steps of production and
processing. Additionally, the increased availability of sugars and
other nutrients in minimally processed fruit contribute o changes
in the microbiota and increase their populadon (Oms-Oliu et al,
2010: Pasha, Saeed, Sultan, Khan, & Rohi, 2014). The microbiota of
raw material, the hygiene of the surfaces of materials and pro-
cessing equipment, the manufacturing environment and the hy-
giene of food handlers, are major factors determining the
microbiological quality and safety of the final product {Abadias
et al, 2008; johnston et al, 2005; Lehto, Kuisma, Maarta
Kymalainen, & Maki, 2011)

A study conducted in minimally proeessed vegetable plants
showed high levels of wial aerobic microorganisms on all surfaces
of contact with food, espedally in the peel equipment, knives and
cutting boards (Lehto et al, 2011} The same authors have re ported
high counts of Enterobacrerioceae bacteria on the cuters amd
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cutting boards. Although the production diagram may indode
washing and decontaminaton phases, it is difficult to obtain high
reductions of the microbial loads {Beuchat, 1998), Johnston et al
(2006) reported increasing levels of E. coli from field samples to
processing steps and even packaging in cantaloupe melon The
packaging and storage are also relevant steps that can provide
conditions for mnamination and growth of microorganisms in
fruits and vegetables. Lehto et al (2011) detected high values of
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total aerobic microorganisms in the ammosphere of the storage
areas, processing and packaging.

32 Microbiological characterizaton of fresh-cut fruit before and
after the best-before date

Fifty-five samples of fresh-cut fruit were studied before and
after (1014 days at refrigeration temperatures) their expiration
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date, when spoilage characteristics were observed, for mesophilic
amd psychrotrophic aerobic counts, LAB, yeasts and molds and total
coliforms, The results are shown in Fig. 1 for pineapple (A), mango
(B), papaya (C), green melon (D), Galia melon (E), cantaloupe (F)
and watermelon (G Additonally, the pH was also measured in the
same samples, before and after the expiraton date (Fig 2. After the
expiration date, an increase of the AM, AP, LAB and YM values was
observed in all the fruits studied and the differences registered
were statistically significant (¢ test, p <0.05), with the exception of
LAB counts in pineapple. The number of psychrotrophs enumerated
was high in all the FCF samples as expected for this group of mi-
croorganisms, which grows at the refrigeration temperatures rec-
ommended in the package label. Additionally, the number of
mesophiles was also high indicad ng that some of this population is
also able to grow at storage temperatures.

Regarding the determinations of TC after the expiration date,
their values had slightly increased in papaya, green melon and Galia
melon, slightly decreased in pineapple, can@loupe melon and
watermelon but unchanged in mango. However, the differences
detected were not statistically significant (t test, p > 0.05) when
comparing TC microbial counts before and after their best-before
date. Graca et al. (2015) obtained similar results in fresh-cut ap-
ples, where there wasa small increase in AN, AP, LAB and YM counts
but not in TC counts after the expiration date. Competition and
antagonism behaviors among the various groups of mioroor ga nisms
may certainly explain these results regarding the TC populations. In
fact, LAB are known for antagonistc activities as referred later on

In regards to the measurements of pH, an intrinsic factor that
strongly influences the survival and growth of microorganisms, the
values obtained for the different fruits before the expiration date
were as follows: 3.79 for piseapple, 441 for mango, 5.80 for papaya,
6.45 for green melon, G69 for Galia melon, 708 for cantaloupe
melon and 5.70 for watermelon (Fig. 2). Fneapple and mango had
pH values inferior to 5, however, papaya, green melon, Galia melon,
cantaloupe melon and watermelon, had pH values higher than 5
amnd will more easily support the growth of miooorganisms
induding pathogens. After the expiration date under refrigeraton
(Fig. 2), a decrease in pH values was observed in all the fruits with
the excepton of pineapple, whose pH value slightly increased even
after 14 days. In the cases where a significant reduction of the pH
was measured, a significant increase of the LAB growth was also
registered. LAR are known to be present in the normal microbiota of
fruits amd have been associated o their spoilage, including the
production of unpleasant odors (Fleet, 1992: Nguven-the & Carlin,

pH values
s F wn [

Portugal

19594: Pothakos et al, 2014) Their homolactic and heterolactic
fermentadve profiles will certainly conoibute to the lowering of
the pH due to lactic and acetic acid formation and development of
off-flavors similar o buttermilk due o the production of ace-
tylmethylearbinol and 2.3 butanedione (diacetyl). The heterolatic
metabolism of some LAR may be responsible for the production of
ethanol, acetic acid, formic acid, diacetyl, 3 hydroxibutanone, 2.3
butanediol, acetaldehyde and COz which are also involved in the
degradation of fruits (Barth et al, 2009; Pothakos et al, 2014). LAB
have been deteded in several fresh-cut products, including hon-
eydew, papava, pineapple, cantaloupe, cabbage, carrots, duicorny,
celery, bell peppers and salad mixes (Allende, Jacisens,
Devlieghere, Debevere, & Artés, 2002; O'Connor-Shaw, Roberts,
Ford, & Mottingham, 1994) Psychrotrophic LAB adapted to indus-
trial environments can also get in contace with food products
during their manufacturing process (Bjorkroth, 2005; Pothakos
et al, 2014) According to Pothakos et al (2014), LAB dominance
at the end of shelf-life sugzests fast growth during storage condi-
tions even if inidal populations are low. On the other hand, LAB
have been used as biological control agents due o the fact they are
able to limit the growth of accompanying microbiota and even
pathogenic microorganisms (Gerez, Torres, Font de Valder, &
Rollan, 20013; Trias, Baneras, Badosa, & Montesinos, 2008) Besides
LAB, as referred by Francis et al. (2012) and Alegre et al. (2013),
fresh-cut produce may harbor large populations of microorganisms
that may possess antagonistic actvity against other microorgan-
isms including pathogens. In the @se of pineapple and apple, the
pH value measured after the best- before date, slightly increased
from 3.79 to 3.88 and from 4.10 w 430, respectively, and the dif-
ferences found in the number of LAB were not significant In the
fruits, especially in the ones with the lower pH, the other major
microbial spoilage group found in the fresh-cut fruit samples was
yeast. These microorganisms are able to grow in acidic foods and
ferment sugars into alcohols, being responsible for off-flavors and
off-odors (Barth et al, 2009; Tournas et al, 2006} Additonally,
some of them may have also a psychrotrophic profile allowing then
to increase their population at storage temperature (Graca et al,
2015) The combination of Good Agriculture and Manufacturing
Practices with efficient decontamination techmologies and the
maintenance of a strict cold chain throughout the prodwction,
distribution and consumption are necessary to protect the safety,
decrease the spoilage and improve the quality of minimally pro-
cessed fruits.
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4. Conclusions

The microbial quality parameters of the FCF studied in the
marketplace in southern Portugal tended to be high, although the
samiples studied did not show visible signs of spoilage. Additonally,
E.  coli, coagulase positive stphylococcs, Salmonella  and
L monocytogenes were not detected, thus the fresh-cut samples
sudied fulfilled the European legisladon according to the micro-
biological criteria of hygiene and safety (EC, 2005, 2007). The
highest levels of AM, LAB and TC were found in watermelon, AP on
cantaloupe and YM on strawberry, pineapple and mango. After the
expiratdon date, in all the fruits, the values of AM, AP LAB and ¥M
increased, TC changed slightly, and the pH decreased with the
exception of pineapple. Obtaining minimally processed microbio-
logically safe fruits implies the maintenance of good agriculrural
conditions as well as the adoption of good manu Bctur ing practices
at all pre-harvest, harvest and post-harvest stages. Good microbial
quality of fresh-cut fruit is of concern, not only from the food safety
point of view, but also due to the spoilage involved in the reduction
of shelf-life that may result in enormous economic losses. Pro-
ducers, processors, distributors, retailers and consumers must
adopt good manufacturinghandling practces and good hygiene in
oifder to prevent ontamination, recontamination and microbial
growth. All the phases should have a set of control measures, as
predudng microbiologically safe food is mandatory.

Acknowledgemenis

This study was funded by Fund acao para a Ciéncia e Tecnologia
{ECT), which belongs to the Minisory of Educaton and Science from
Portugal, through the project i® PTDC-PTDC (AGR-ALL 111687 /2009,
A M. Graca was supported by a fellowship from FCT (SFRH/BD/|
TEI452011)

Appendix A, Supplementary data

Supple mentary data related to this article can be found at bt/
dx.doi.org101016/) fecdcont 201609, 046,

Refere nees

Abadias, M., Alegre, L, Oliveira, M, Altisent, R, & Vifas, L. (2002). Grow th potential
of Excherichia ali O15T:HT on resh-cuot fruits (melon and pineapple) and
viepe tabbes {carmot and escamde ) stored under diffene nt oomditions. Food Comnoml,
2% 3744

Aladiac, M., Usall, |, Angeera, M, Solsona, O, & Vidas L (2008). Microbiokegcal
quality of resh, minimally- processed fruit and vegetables, and Sprowts from
retail establighments, hremarional fowrmal of Food Microbislogy, 123, 121-129

Alegre, L, Abadias, M., Anguera, M, Oliveira, B, & Vinas, 1 (2000). Factors afecting
growth of keodiborne pathogens on minimally processed apples. Food Miaabi-
ology, 27, TO-T6.

Alegre, L, Abadias, M., Angusera, M, Usall, |, & Vikas, 1 (2000). Fate of Escherichia ali
OI5THT, Salmonella and Listerda innocud on md mimal - processed peaches un-
der diflerent storage @nditons Food Microbiology, 27, BE2—BER

Alegre, L, Vinas, 1, Usall, |, Teikidd, M., Figge, M. | & Abadias, M. (2013 | Comtrel of
lfoodisorme pathogens on Fresh-cut fruit by a novel strain of Pseudomanas gra-
s, Food Mialriolagy, 24, 755766

Allende, A, Jacxsens, L, Deviieghene, F, Debevers, |, & Artés, F. (2002). Efea of
superatmospheric ooygen packaging on sensorial quality, spoilage, and Listeria
monocyiogenes and Aeromong cavice growth in fresh processed mixed salads
Jouwmal of Food Pratecrion, 85, 1565—1573.

Aydoek, H, Ogur, 1L, & Kard, K (2006, Deter i nation of total se rolic and i ndicator
bacteria im some raw eaten vegetables fhom wholesalers in Ankara, Torkey.
Intermational jowrnal of Hygene and Evvironmenial Health, 209, 197200

Barth, M., Hankinson, T. B, Zvsang H, & Breidt, F. (2009 Microbiokegical spoilage
of Fruits and vegetables In'W. H. Sperber, & M P, Doyle (Eds ), Comypendiom af
the micrabdological spodlage of Bods and beverages (pp. 135—183 ) Mew York:
Sprimger

Berger M. O, Sodha, V. 5., Shaw, K. K., Griffin, M. P, Pink, D, Hand, P, et al (2000).
Fresh froit and vegetalles 55 vehicles e tee transmission of human pthoge
Eindrofirsenial Microbiology, 12, 23852397,

Bewchat, L R (1998). Progress in comentional methods for deection amd

Portugal

enumeration o feodborme yeasts. Food Technolgy and Biatechrology, 36
26T-2TL

Bewchat, L R (2002). Ecological factors influencing survival and growth of human
pathogens on raw fnsits and vegetables. Migabes and Iifection, 4, 41303

Bjorkroth, |. (2005). Microbiological ecology of marnaved meat prodiscts Mear
Srietnce, 70, 47T7—480.

Bramdl, M. T. (2006). Fitness of hisman enteric pathigens on plants and implications
for tood safety. Annual Review of Phytopathalagy, 44, 367352

Bubsert, A, Riebe, |, Schimitzler, N, Schonberg, A, Goebel, W, & Schulbert, P (19597
Eolation of catalise-pegative [REeria momcagenss strains from listeriosis
patients and their rapid identification by ant-pBD antibodies andjor PCR
Jowrmal of Clinical Microbiokogy, 35, 178183,

Byrme, L, Fisher, L, Peters T, Mather, A, Thomson, N, Rosner, B, e al (20014).
A multi-country outhreak of Salmonelln Newpon gastroenteritis in Eunope
aisociated with watermelon Crem Brazil, confirmed by whole genome
sequencing: October 2011 to Jameary 2012 Eueno Swerveilline, 19, 6—13.

Center for Disease Control and Prevention [CDC) (2000) Mulostae outbreak of
hsnan E. coli 0145 infections linked o shredded romaine letuee from a Single
processing Faciliry. hitp: [fwwweodc gov fe ool i 20010 hre dded-romai ne-5-21-10
litml] {Acoessad 25 May 2015)

Center for Disease Control and Prevention [CDC). (2011a) Muldstare owbreak of
hsnan Salmonella Agona infections linked ro whale, fresh imparted papayas
hittp: | fwwan cdegon  lmone 1La/2001 | papsyas-B-20- 200 Litml)  {Accessed 25
May 2015

Center for Disease Contral and Prevention |CDC). (20011b) Mulristaee owbreak of
lisrerinsia linked to whole aynialosges from Jenden Farrms, Colorgdo. o was
ode govilister ajouthreaks jea ntaloupes-jensen- b rms)advice -oomsumers html/
{Aocessed 28 Movember 2015

Center for Disease Contral and Prevention |CDC). (200123 Mulristake owbreak of
Salmanella Braenderup infections asociated with mangoes. i tpy fwwalode gov]
salmtreellaflrae nder up- 08- 12 finde html] (Acosssed 25 May 2015)

Center for Disease Control and Prevention |CDC). (2012b) Mulristake owbreak of
Salimanella Typhimurum and Salmonells Newport infecions Biked o cantaloupe,
hittp: | fwawawocdicgow | <a tmone 1) typhi mur iem-canta oupe- 08-12 findesx_htmif
[Accessed 25 May 2015).

Center for Disexe Contral and Prevention [(DC). (20012c). Muldstare owbneak of
Shiga toxin-producing Escherichia coli 0I57:H7 infections linked to arganic
spinach and spring mix blend. htp: [wwwode govfeod 20012 /01 5Th7-11-12
indes hitml] { Acoessed 25 May 215)

Center fr Disease Gontrol and Prevention [(DC]. (2002d). Muldsrare owuhreak of E
coli 0157 HT infecrions inked fo romaine leguce. hitp: | f'wwwode gov fecoli 2011/
rodruaine -lettase-3-23- 12 html| (Accesed 25 May 2015)

Center for Disease Comntrol and Prevention | (2013 . Mudn stare ourhreak o Shiga
i producing Escherichia cali 0157:H7 infecions linked Lo ready-lo-ear sakads.
hittp: [ fwawaoode giov fecoli 2013 ol 5ThT-11-13/inde htmlf  (Accsssed 25 May
205L

Center fior Disease Control amnd Prevention |[CDC ). (2014 ). Mudn stare owthreak of Shiga
raxineproducing Escherichia ali 0121 infections linked fo row clover sprouts
hittp: | fwiwinode gow fecoli 20014 (o1 21 -05-14/index hitml | (Accessed 25 May
20151

Gt Alimentarius Commisson. (1959). Principles and guide lines for the condusct
of micrabiological sk ascessment. In Food hygiene basic texrs (2nd ed, pp.
53—62). Rome: FAONWHO.

Crosen, M. A, Law, K ., Scholz, B, Keeney, K. M., Wiodarska, b, & Finlay, B B
(2013). Recent advamces in understanding enteric pathogenic Echerichia ooli
Clirdeal Microbiology Reviews, 26, B22—-RB0.

Denis, N, Zhang, H., Lerous, A, Tredel, R, & Bietlot, H (2016). Prevalence and trends
of Ihacterial oontamination sold at retadl in Canada Food Conrml, 67, 225—234.

Drireg imiaim, D, W (20080 ). Growth of Escherichia coli D157 HT in bruised apple { Malies
domesdo ) tissse as influenced by ailtivar, date of harvest, and source. Applied
and Ervironmeninl Micobiology, 66, 1W077—10E3.

Dande, M. P, & Ericlson, M. C (2006). Closing the door on the feal ool ifem assny.
Miaralbee, [, 162—163

EC. (2005). Commission Regulation (BEC) N* 20732005 of 15 November 2005 on
microbiskegical criteris lor loodstufis. Ofidal furnal of e Eumpea Didos L
338, 1-26.

EC. (2007 Commission Regulation (EC) N* 14412007 of 5 December 2007
amernding Regulation (EC) Bo 20732005 on microbiological criteria for food-
stuffs. Official fournal of the Eurapean Uidan, [ 322, 1-12.

van Hsag |. D, Semenoy, A Y. Costa, K, & Trevors, | T (2011 Survival of Escherichia
coli in e e romme nt: Funsdamental and poblic sealth aspects [SME Jouemal, 5,
173—-183.

Fleet, G. (1952). Spoilage yeasts. Critical Reviews in Botechnology 12, 1—d4.

Francis, G A, Gallone, A, Nychas, G |, Solos, | N, Colelli, G, Amodio, ML, et al
(201 2). Factors affecting quality and safety of fresh-cut produce. Critical Reviews
in Food Science and Nuriton, 52, 595610

Gerer, C L, Tormes, M L, Font de Valder, G, & Rollin, G (2013 ). Contral of Spoilage
T by lactic scid bacteria Baologoal Godirrl, &4, 231237,

Gonzilez, B D, Tamagnind, L M., Olmos, P D, & Sousa, G B (2003). Evalus tion of a
chromagenic medium for total colikrms and Edherichio @l determination in
ready-to-eat foods. od Micrabiology, 20, 601-604d.

Graga, A, Santo, [, Esteves, E, Nunes, O, Abadiag M., & Quintas, O [2015). Evalw-
ation of microbial quality and yeast diversity in fresh-cut apple. Food Micrali-
alagy, 51, 179-185

Goyanwvali, B, & Ibralim, 5 A (200 4). Matral prodiscts a5 antimicrolsial agents Food

63



Capitulo 111 - Microbiological quality and safety of minimally processed fruits in the marketplace of Southern

Control, 46, 412—-429,

Johnston, L. M., Jaykus, L. A., Moll, D., Anciso, ], Mora, B., & Moe, C. L. (2006 ). A field
study of the microbiological quality of fresh produce of domestic and Mexican
origin. Intermational Journal of Food Microbiology, 112, 83-95.

Johnston, L M., Jaykus, L. A, Moll, D., Martinez, M. C, Anciso, |, Mora, B, et al
(2005), A field of study of the microbiological quality of fresh produce. Jourmnal of
Food Protection, 68, 1840—1847.

Lehto, M, Kuisma, R., Maartta, ], Kymalainen, H. R, & Maki, M. (2011). Hygienic level
and surface contamination in fresh-cut vegetable production plants. Food
Control, 22, 469-475.

Malomy, B., Hoorfar, ., Hugas, M., Heuvelink, P. F, Fach, P, Ellerbroek, L., et al
(2003). Interlaboratory diagnostic accuracy of a Salmonella specific PCR-based
method. International Journal of Food Microbiology, 59, 241249,

Melo, |, Andrew, P. W., & Faleiro, L. (2015). Listeriac monocytogenes in cheese and the
dairy environment remains a food safety challenge: The role of stress responses.
Food Research Intermational, 67, 75—90.

MNguyen-the, C., & Carlin, F. (1994 ). The microbiclogy of minimally processed fruits
and vegetables. Critical Reviews in Food Science and Nutrition, 34, 371—-401
Olaimat, A. N, & Holley, R. A. (2012). Factors influencing the microbial safety of

fresh produce: A review. Food Microbiology, 32, 1-19.

Oms-liw, G., Rojas-Grau, M. A, Gonzalez, L A, Varela, P, Soliva-Fortuny, R,
Hernando, M. L H., et al. (2010). Recent approaches using chemical treatments
to preserve quality of fresh-cut fruit: A review Postharvest Biology and Tech-
nology, 57, 139-148,

O'Connor-Shaw, R. E, Roberts, R, Ford, A. L., & Nottingham, 5. M. (1994). Shelf life of
minimally processed Honeydew, kiwifruit, papaya, pineapple and cantaloupe
Journal of Food Science, 59, 1202-1215.

Pasha, I, Saeed, F, Sultan, M. T, Khan, M. R, & Rohi, M. (2014). Recent developments
in minimal processing: A tool to retain nutritional quality of food. Critical Re-
views in Food Science and Nutrition, 54, 340351

Pitcher, D., Saunders, M., & Qwen, R. (1989). Rapid extraction of bacterial DNA with
guanidinum thyocianate, Letters in Applied Microbiology, 8, 151-156.

Pothakos, V., Nyambi, C, Zhang, B. Papastergiadis, A, De Meulenaer, B, &
Devlieghere, F (2014). Spoilage potential of psychrotrophic lactic acid bacteria
(LAB) species: Leumonostoc gelidum subsp. gasicomitatum and Lactoooccus

Portugal

piscium, on sweet bell pepper (SBP) simulation medium under different gas
compaositions. Intemational fournal Food Microbiology, 178, 120-129,

Rahn, K, Grandis, 5. A de, Clarcke, R. C, McEwen, 5. A, Galan, ]. E, Ginocchio, C,
et al. (1992). Amplification of an invA gene sequence of Salmonella typhimurium
by polymerase chain reaction as a specific method of detection of Salmonella.
Moleaqular and Cellular Probes, 6, 271-279.

Salazar, M., Lourengo, A., Graga, A, Quintas, C., & Nunes, C. (2015). Fate of foodborne
pathogens in minimal processed orange and reduction of their growth using
WV-C Nlumination. Acta Horticulturae, 1065, 1613—1619.

Sambrook, ], Fritsch, E., & Maniatis, T. (1989). Molecular cloning: A laboratory manual
(2nd ed.). New York: Cold Spring Harbor Laboratory Press.

Santo, D., Graga, A, Nunes, C, & Quintas, C (2016). Survival and growth of Crono-
bacter sakazakii on fresh-cur fruit and the effect of UV-C illumination and
electrolyzed water in the reduction of its population. International journa of
Food Microbiology, 23, 10—15.

Santos, M. I, Cavaco, A, Gouveia, |., Novais, M. R., Nogueira, P. ], Pedroso, L, et al.
(2012). Evaluation of minimally processed salads commercialized in Portugal.
Food Conirol, 23, 275—-281

Sivapalasingam, 5., Friedman, C R, Cohen, L, & Tauxe, R V. {2004 ). Fresh produce: A
growing cause of outbreaks of foodbome illness in the United States, 1973
through 1997, journal of Food Protection, 67, 23422353,

Tauxe, R, Kruse, H, Hedberg, C, Potter, M., Madden, J., & Wachsmuth, K. (1997).
Microbial hazards and emerging issues associated with produce: A preliminary
report to the national advisory committee on microbiologic criteria for foods.
Joumal of Food Protection, 60, 1400—1408.

Tournas, V. H., Heeres, ], & Burgess, L {2006). Moulds and yeasts in fruit salads and
fruit juices. Food Microbiology, 23, 684—688.

Trias, R., Baneras, L, Badosa, E., & Montesinos, E. (2008). Bioprotection of Golden
Delicious apples and Iceberg lettuce against foodborne bacterial pathogens by
lactic acid bacteria. Intemational fournal of Food Microbiology, 123, 50—60.

Vining, G., & Kowalski, 5. (2011). Statistical methods for engineers (4th ed.). Boston:
Cengage Learning.

Viswanathan, P, & Kaur, R, (2001). Prevalence and growth of pathogens on salad
vegetables, fruits and sprouts. Intemational fouwnal of Hygiene and Environ-
mentnl Health, 203, 205-213.

64



Capitulo IV

Low dose UV-C illumination as an eco-innovative
disinfection system on minimally processed apples

Graca A, Salazar M, Quintas C, Nunes C

Postharvest Biology and Technology, 85: 1-7



Capitulo IV - Low dose UV-C illumination as an eco-innovative disinfection system on minimally processed

apples

ELSEVIE]

Postharvest Biology and Technology

journal homepage: www.elsavier.com/locate/postharvbio

FOSTHARVEST
HICHUCHLY AN
TECHNOHLOGY

g

Contents lists available at SciVerse ScienceDiract

)

Low dose UV-C illumination as an eco-innovative disinfection system on
minimally processed apples

Ana Graca2, Miguel Salazar=Pb, Célia Quintas<, Carla Nunesa+

A CAAM, Universidode do Algarve, FCT, Ed 8, Compus de Gombelas, S005-1 39 Faro, Portugn
E (TCAE, Instihito Universitdrso Dom Afonso I, INUAF, 8100-7 18 Louls, Portugol
= A, Universidode do Algarve, [5T, Campues da Peno, S005-1 39 Faro, Portugn

ARTICLE INFO

Article history:
Received 25 January 2013
Accepted 21 April 2013

Keywaords:

Escherichia coll
Fresh-cut fruit
Foodborne pathogens
Listeria inmoong
Saimonella erterica

ABSTRACT

In this study, the efficacy of UV-C illumination for inactivate Escherichio coli, L isteria innocwa or Salmonelia
enterica, indiwidually or in a mixture, in vitre and on apple slices was determined. Apple slices inoculated
with a 107 cfufmL suspension of above indicated pathogens were irradiated on both sides with UV-C illu-
mination, with doses of 0.5 and 1.0k]/m?, UV-C illumination disinfection efficacy was compared to that
of washings with sodium hypochlorite at 100 ppm of free chlorine and with distilled water. Bactericidal
activity of each treatment was assessed after 30 min and after 7 and 15 days of storage at 4°C. Results
showed that UV-C illumination at 1.0k]m? could be an alternative to the wash with hypochlorite solu-
tions. On the in vitro study, these doses completely inhibited the growth of the three bacteria either as
pure cultures or in a mixture, In fresh-cut apple, the pathogens were also affected by the UV-C illumina-
tion, the 1.0k]/m® dosage being the one that resulted in higher bacteria inhibition in almost every case.
The UV-C treatment did not affect the quality properties of fresh-cut apple.

€ 201 3 Elsevier BV, All rights reserved.

1. Introduction

Consumption of fresh produce has increased over recent years,
due to a tendency of adopting healthier food habits, and has led to
the appearance of minimally processed (fresh-cut) products that
are ready-to-eat. However, this growing demand raises the need
for increase shelf-life and safety of these products. Fresh produce
can be a vehicle for the transmission of foodborne pathogens, since
they can be easily contaminated with microorganisms during pro-
duction and processing. Contamination levels after harvesting can
range from 3 to 7 log units, depending on the season and type of
product (Olmez and Kretzschmar, 2009).

In recent years, the number of outbreaks of human infections
associated with the consumption of minimally processed products
and unpasteurized fruit juices has increased. The major concerns
are with enteric pathogens such as Escherichia coli 0157:H7 and
Salmonellz spp. that have fast growth rates and low infectious doses
(Martin, 2007). Salmonellosis and E, coli 0157:H7 infection have
been linked to watermelon, tomatoes, seed sprouts, melons, apple
or orange juice (Blostein, 1993; del Rosario and Beuchat, 1995;
Beuchat, 1996; Butler, 2000; Krause et al, 2001; Greene et al.,

* Comesponding author. Tel.: +351 ZE0B00900:T 411; fac 4351 289818419,
E-muil addresses: amgraca@ualg.pt (A Graga) migueel sala an@agro-on. pt
(M. salazar], cguintas@ualg pt (C. Quintas), carlanunes@agro-on.pt,
canunes@ualg.pt (C. Nunes)L
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2008; Munnoch et al., 2009; Muranyi, 2012 ). Furthermore, listerio-
sis remains a great public health concern, as it has one of the highest
case fatality rates of all the foodborne infections in Europe (20-30%)
(Martin, 2007). The increase in reported outbreaks related to fresh
fruit and vegetables may be the result of several causes. The per
capita consumption of fresh produce has increased in developed
countries. The demand for fresh produce year-round implies an
increase in imports of these products from countries with different
hygienic and sanitary conditions as well as the introduction of other
pathogens (Lynch et al, 2009). Changes in processing, with more
in-field cutting, coring and packaging, changes in the distribution
systems, pathogens with different level of virulence, immunologi-
cal changes among population segments and global trade, could be
other reasons for the increase in outbreaks.

Fresh-cut fruit are more susceptible to foodborne pathogens
because their natural barriers are removed. Several studies have
demonstrated that E coli 0157:H7, Saimonella spp. and Listeria
monocytogenes could survive and/or grow in a range of minimally
processed fruit such as apples (Dingman, 2000; Alegre et al., 2010a),
honeydew melon (Leverentz et al, 2001, 2003), peaches [Alegre
et al, 2010b), melon and pineapple (Abadias et al., 2012) and
oranges (Lourengo et al., 2012) at temperature of 10°C or higher.

Washing fresh-cut products with sanitizing solutions is the
only step in which a reduction of microbial contamination can be
achieved (Allende et al.. 2009; Olmez and Kretzschmar, 2009). Chlo-
rine (sodium hypochlorite solution, 50-200 mg/L for 1-2 min) is the
most common sanitizer used in fresh-cut industry (Beuchat, 1998
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However, chlorination is related to environmental and human
health risks. Chemical reactions of chlorine with organic matter
may create toxic compounds, such as trihalomethanes (Allende
et al., 2009; Gil et al., 2009). Adding to this, the scarcity of water
respurces is another environmental problem that has to be consid-
ered. Among the different industries, the food industry ranks third
in water consumption and wastewater discharge rates, after the
chemical and refinery industries (Casani et al., 2005). Thus there
is a need to reduce or replace the use of chlorine as a disinfectant,
particularly in the fresh-cut industry.

Ultraviolet light illumination is a non-thermal disinfection tech-
nology that can be used in fresh-cut industry. Is easy to use, is lethal
o most type of microorganisms (Bintsis et al., 2000), does not gen-
erate chemical residues (Guerreo-Beltran and Barbosa-Canovas,
2004) and is a dry cold process that can be effective at low cost
(Bachmann, 1975). UV-C light has maximal microbiocidal effect at
254 nm. UV-C doses ranging from 0.5 to 20 k]/m? inhibit microbial
growth by inducing the formation of pyrimidine dimers which dis-
tort the DNA helix and block microbial cell replication (Escalona
et al., 2010). Cells become unable to repair their damaged DNA and
die. The effectiveness of UV-C seems to be temperature indepen-
dent (in the range from 5 to 37 «C), but depends on the illumination
incidence, determined by the structure and topography of the sur-
face of treated produce (Bintsis et al., 2000; Gardner and Shama,
2000), the fluence (Jm—2) and the relative position of the source
and the sample.

The purpose of this work was to evaluate the effect of different
doses of UV-C illumination on reducing the populations of E. coli
157 :H7, Listeria innocua and Salmonella enterica subsp. enterica
inoculated individually and in a mixture in in vitre and in fresh-cut
apples.

2. Materials and methods
21 Bacterial strains

MNon-toxicogenic strains of E. coli O157:H7 NCTC 12900, L,
innocua CECT-910 and 5 enterica subsp. enterica Michigan ATCC
BAA-709 were used in this study. L. innocua has been used as
a model organism for L monocytogenes (Francis and O'Beirne,
1997). The bacterial strains were maintained on Tryptone Soy Agar
medium (T5A, Oxoid) at 4+1°C Prior to the experiments each
microorganism was sub-cultured for 24 £2h at 37 £ 1°C on T5A
and then in 50 mL of Tryptone Soy Broth medium (T5E, Oxoid) and
incubated at 150 rpm for 24+ 2 hat 37 +1=C To recover cells, each
bacterium was centrifuged at 8000 rpm for 15min and the pellet
was resuspended in 50 mL of saline peptone [{B.5 g/LNa(l (Panreac)
and 1 g/L peptone { Panreac]]. Inoculums with the appropriate con-
centration were prepared by adjusting the suspension according
to a standard curve with a spectrophotometer (Spectrophotometer
V-Vis, 175 Shimadzu-UV160, USA) measuring the transmittance
at 420 nm. Concentrations applied were confirmed using the Miles
and Misra surface colony count method (1938), drops of 20 pL of
10-fold dilutions were placed in triplicate onto the surface of the
TS5A medium. Drops were left to be fully absorbed before inverting
and incubating the plates at 37+ 1=C for 24 + 2 h. Colonies were
counted and by pathogen the results were expressed as a reduction
of cfu/mL when compared with the population in control plates.

22 UV-C illumination conditions

The UV-C eqguipment consisted im a cabinet of
100cm = 100 cm = 50cm with two sets of 6 unfiltered germi-
cidal lamps (Philips, TUV 25W G25 T8 Longlife). One set was
suspended on the top and the other one was placed on the bottom

apples

of the U¥-C chamber. The fresh-cut apples were placed between
the UWV-C lamps over a net. In order to determine the UV-C illumi-
nation intensity of the lamps, a radiometer (UVX Radiometer, UVP
Inc., USA) was placed at the same distance as the commaodities
(15cm). The applied UV-C intensity was calculated as a mean
of 20 readings in different places taken at each side of the net.
Light intensity was kept constant, and the applied doses varied by
modifying the exposure time. Prior to use the UV-C lamps were
allowed to stabilize by turning on 10min before treatment. A
ventilation device was installed in the back of the box o avoid
temperature increase because of UV-C illumination.

2.3, In vitro antimicrobial activity of UV-C illumination against
E. coli, L. innocua, 5. enterica or a mixture of the three
Microor Eanisms

A 108 cfufmL pure culture suspension of E, coli, L innocua, 5.
enterica or a cocktail of the three microorganisms was prepared
and series of 10-fold dilution were made in SP. The concentrated
and the diluted cultures were plated in Petri dishes [three drops
of 10 L) onto a specific medium for each pathogen: Sorbitol Mac-
Conkey Agar (Biokar) for E, coli, and Hektoen Agar (Biokar) for 5.
enterica, and Palcam Agar (Biokar) for L innocua.

Three sets of dishes were made. One set was submitted to UV-C
illumination immediately after plate inoculation and the other was
treated 4 h after inoculation. The UV-C doses applied were 0.5 and
1.0 k]jm2. Untreated but inoculated plates consisted in the third set
and were used as control. Petri dishes were incubated at 37+ 1+C
for 48 = 2 h. Colonies were counted and the results expressed as the
reduction of cfufmL of each pathogen when compared to control
plates. Control plates were counted only in diluted culture.

The experiment was conducted three times.

24, Fresh-cut apple preparation

‘Golden Delicious” apples used in this study were purchased
in a packinghouse and stored at 0.5+0.5°C and 90% REH before
processing. Apples were washed, sanitized by immersion, rubbed
in a sodium hypochlorite solution [Panreac) at 0.5% for 30 s, and let
to dry. Apples were then aseptically cut using a cutting instrument,
suitable for apples, in pieces of 10 g each, without core tissue, and
with skin on.

2.5, Antimicrobial activity of UV-C illumination on fresh-cut
apples ineculated with pure culture of E, coli, L, innecua or 5,
enterica

Apple pieces were submerged into a 500 mL of E, coli, L. innocua
Or 5, enterica pure culture suspension at 107 cfu/mL for 3 min with
150 rpm orbital agitation. Inoculated samples were air-dried in a
laminar flowhood for 30 min before receiving the treatment. For
each inoculated microorganism, apple pieces were divided into 5
batches of 12 pieces each. Two of the batches were treated for 5 min
at 150 rpm orbital agitation in flasks containing 500 mL of distilled
water (DW) or sodium hypochlorite solution (SH) at 100 mg/L of
free chlorine (pH 6.5), determined by using a free and total chlorine
photometer [model HI9133, HANNA Instruments, Woonsocket, RI,
USA). After SH treatment, apple pieces were drained and rinsed
with cold distilled water for 3 min at 150rpm orbital agitation.
These two batches were left to dry in a laminar flowhood for
30 min.

The other batches were treated with UV-C illumination at doses
of 0.5 and 1.0kJjm? each. Untreated but inoculated pieces were
used as control

Apple pieces from each treatment were divided into 3 batches
(4 pieces each) and packed in oriented polystyrene lidded trays
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(125 mm = 103 mm = 45 mm, Mupik, Barcelona). The concentration
of each pathogen on apple pieces was determined before (BT) and
after (AT) the treatment and after 7 and 15 days at 4+05°C At
each sample time, for each disinfection treatment, 10g of apple
pieces were transferred into sterile Stomacher bags and mixed
with 20 mL of sterile saline peptone and homogenized for 2 min
in a Stomacher400 {Seward, London). Homogenates were serially
diluted in saline peptone and 20 L drops in triplicate were plated
onto the surface of the TSA medium using the Miles and Misra
method (1938) and incubated at 37 £1+C for 24+ 2 h. Colonies
were counted and the results expressed as logcfu/g of apples. For
each condition four replications were performed and the experi-
ment was repeated three times.

26, Antimicrobial activity of UV-C illumination on fresh-cut
apples ineculated with a bacterial mixture

E, coli, L. innocua and 5. enterica were prepared as previously
described and mixed in a cocktail at 10° cfu/mL of each bacterium.
Concentration of each microorganism was confirmed wsing the
Miles and Misra method (1938), plating 20 pL drops of appro-
priately diluted culture on Sorbitol MacConkey Agar for E. coli,
and Hektoen Agar for 5 enterica, and incubated at 37 +1°C for
24 + 2 h and on Palcam Agar for L. innocua incubated at 37 = 1°C for
48 + 2 h. Samples of apple pieces were inoculated by dipping into
a 500 mL containing the mixture of the three bacteria for 3 min
with 150 rpm orbital agitation and left to dry. Afterwards, fruit
were treated and stored as previously described. To determine the
concentration of each bacterium before and after treatment and
7 and 15 days after cold storage, the same procedure previously
described was used, except that TSA medium was replaced by selec-
tive medium for each bacterium, as described above. In preliminary
experiments growth of the pathogens, that were illuminated or
not with UV-C, using T5A versus selective media at 37 *C had no
effect on the experimental outcome. For each condition four repli-
cations were performed and the experiment was conducted four
times.

2. 7. Quality parameters of treated fresh-cut apple

MNon-inoculated apple pieces were treated and storage as previ-
ously described to determine the effect of the treatments in fruit
quality. Four trays were used for each treatment at each sample
time, and color, soluble solid content and titratable acidity were
determined. Surface color of apple slices was measured with a CR-
300 Minolta chromameter (Minolta, Inc., Tokyo, Japan), using CIE
L*,a*, b* coordinates. Four apple pieces were evaluated for each tray
and the surface on both sides of the apple pieces was measured for
each replicate. The L* value is a useful indicator of darkening dur-
ing storage, either resulting from oxidative browning reactions or
from increasing pigment concentrations. The a* value is a measure
of greenness is highly correlated with color changes of apple flesh
(Goupy et al., 1995), a more positive g* value means progressive
browning and a more positive b* value indicates more yellowing.
Sapers and Douglas (1987) also suggested that enzymatic brown-
ing at the cut surfaces of apples could be monitored by measuring
changes in reflectance L* and a* values, and that b* values seemed
to be unrelated to the extent of browning. The percentage of soluble
solid (=Brix) apples slices were measurad at 20+C in juice extracted
by crushing the apple slices using a refractometer {Atago Co. Lid.
Tokyo, Japan). Titratable acidity was measured in 10mL of apple
juice dilute in 10mL of distilled water and titrated with 0.1 N of
NADH to a pH value of 8.1. Results were calculated as g of malic
acid per liter.

apples

Table 1
Population {log cfu/mL) of pure cultures of Escherdchia coli 00157 :H7, Listeri innooug
or Salmomnella entericn or their mixture by different exposure doses of Lv-C.

MECrOCTZanism - dose (kiim?)
1} 05 1.0
Time after inooulation (h)
(1] 4 o 4
Pure culture
E codl 8l1a oghb oab ook oob
L inmocea Bla oTh 10hb neEh 0Eb
5 choleroesuis Bla oo b i1} oo oob
Mixture of pure culture
E coll TBa oob 0ob ook oob
L inmocea TBa oo b D8b oo oob
5 choleroesuis TEa oob oob ook oohb

within type of cultures, different letters indicate significant differences (P« 0.05)
between treatments.

2.8, Statistical analyses

The reported values of reduction in bacteria on apple pieces
were calculated by subtracting the population of inoculated but
untreated apples from the population after treatment at the same
storage conditions. Values represent the means of the different
experiments, with 4 replicates per treatment per experiment. Data
were subjected to analysis of variance and Duncan's multiple range
tests using SP5S v.16.0 software (SPSS Inc., USA). Significant differ-
ences in reduction values were established by the least significant
difference at the 0.05 level of significance.

3. Results

3.1, In vitro antimicrobial activity of UV-C illumination against
E. coli, L. innocuwa, 5. enterica or a mixture of the three
microorganisms

The effect of in vitro antimicrobial activity of UV-C illumination
on the three pathogens as pure culture or in a cocktail is presented
in Table 1. Microbial development of all pathogens was signifi-
cantly inhibited by the two doses of the UV-C treatments (0.5 and
1.0 kJjm?) eitherin plates illuminated immediately or 4 hafter inoc-
ulation. In plates illuminated with the UV-C dose of 1.0 kljm?2, total
inhibition of all pathogens was achieved, except L. innocua in pure
culture. Although L. innocua was the less sensitive microorganism
to this dose of UV-C, no significantly differences were observed
among treatments and type of cultures. When plates were sub-
mitted to a UV-C dose of 0.5 kjjm® no differences were observed
among treatments and in pure culture the inhibition of pathogen
population was higher than 7.1 logcfu/mL When in a mixture,
total inhibition of pathogens population was observed, except for
L. innocua treated with UV-C immediately after inoculation, where
there was inhibition of 7.0 log cfu/mL.

3.2, Antimicrobial activity of UV-C illumination on fresh-cut
apples inoculated with E, coli, L. innocua or 5, enterica

Fig. 1 represents the survival and growth of a single culture of
E. coli, L. innocua or 5, enterica on fresh-cut apple treated with V-
C illumination (0.5 and 1.0k]fm2}, SH and DW and on untreated
(Ck) stored up 15 days at 4+ 0.5=C. The viable cells recoverad
before treatments on inoculated apple slices were 4.39, 496 and
511 logciu/g for E. coli, L, innocua and 5. enterica, respectively.

Compared to the control all the treatments reduced the E. coli
population at every sampling time (Fig. 1A). The UV-C dose of
1.0k]jm? was the treatment that resulted in the lowest population

68



Capitulo IV - Low dose UV-C illumination as an eco-innovative disinfection system on minimally processed
apples

& -
5 4
L]
241
L}
2 3
=
8
w 3
i
A
o — T T |
BT AT 7 15
[
5 4
541
-
g LD
3
=
i
B
a — .
BT AT ] 15
[
- a
EC b
i :
2
R
_E LD
| 17
W
1
C
a T T 1
BT AT T 15 r
Storage time [days)
= ck == pw g =B yas P UV

Fig. 1. Growth of (A) Escherichia colt, (B) Listeria innoouae and (C) Somonefla entericn
inoculated as pure cultures in fresh cut apple pieces stored for 15 days at 4+C. Ten
grams of fruit slices were inoculated by dipping in a 107 cfu/mL suspension of a pure
culture of each pathogen. For each pathogen different letters indicate significant
differences bebween treatme nts according to Duncan multiple range test (P« 005%).
Values are the means of 3 experiments with 4 replicates each and bars indicate
standard deviations.

of E. coli at every sampling and was significantly lower than the
E. coli population on apple slices treated with SH. After treatment
and at day 7, the population was below the detection limit (LD
(2.5 log cfulg detection limit) in some of the replicates illuminated
with the dose of 1.0 kjjm?. No significant differences were observed
in apple pieces treated with SH or UV-C (0.5 k]/m? ) both after treat-
ment and during the storage period. DW was the treatment with a
higher pathogen recovery level, and no differences were observed
on growth rate from after treatment to day 15.

L. innocua reductions obtained by UV-C doses of 0.5, 1.0k]/m?
and SH were no different (around 1.5 log unit) after treatment and
during the storage period (Fig. 1B). These three treatments resulted
in a higher reduction of the L. innocua population than DW. No
differences in population of L, innocua were observed between Ck
and DW at each sampling time.

The highest 5. enterica population reductions were obtained by
both UV-C treatments of 0.5 and 1.0 k]jm? (around 1.5 log unit) atall
sample times, except at day 7 were no differences were detected
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Fig. 2 Growth of (A) Eschericfila coli, (B) Listerio tnnooua and {C) Salmeonella enterico
inoculated in mixture in fresh cut apple peeces stored for 15 days at 4+C Ten grams
of fruit slices were inoculated by dipping in a 107 cfu/mL suspensson mixture of the
three pathogens. For each pathogen different letters indicate significant differences
between treatments according to Duncan multiple range test (P<0005%). Values
are the means of 3 experiments with 4 replicates each and bars indicate standard
deviations.

among treatments (Fig. 1C). The 5, enterica populations were the
same on apple slices treated with SH and DW at every sample time.

3.3, Antimicrobial activity of UV-C ilflumination on fresh-cut
apples inoculated with a bacterial cocktail

Fig. 2 represents the survival and growth of E, coli, L, innocua
or 5, enterica when inoculated in a mixture on fresh-cut apple then
treated with UV-C illumination (0.5 and 1.0k]/m?) and stored up 15
days at 4 +£0.5+C. The viable cells recovered before treatments on
inoculated apple slices were 5.61, 5.69 and 578 log cfu/g for E, coli,
L, innocua and 5. enterica, respectively.

When the three bacteria were inoculated in a mixture, the
efficacy of the UV-C treatments to reduce E, coli and 5. enterica popu-
lations was higher than washings with SH and DW (Fig. 2A and
C). UV-C at a dose of 1.0k]/m? was the most effective treatment
in reducing all pathogens during the storage period. This dose of
UV-C after treatment reduced 2.0 log cfufg the population of E, coli
and 5 enterica. L, innocua population reach undetectable levels in
some replicates (below 2.5 log cfu/g) when apple pieces were illu-
minated with UV-C at 1.0k[/m2, just after treatment and after 7
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Table 2

apples

Determination of quality parameters: color (L®, a®, B° ), solid solublbe contents (55C, “Brix) and titratable acidity (TTA, g malic acid/l) in non-inoculated apple slices treated

witth LV-C illumination.

Color Treatment (kjim® Days
BT AT T 15

L* o 73T L DEDax 7301 L 032ax TOE L 0F3ay 69.03 1 0ET ay
o5 T3F1 +0B9ax 7319 +083ax 7023 £ 081ay TOI9 +095ay
1o T3F1 +0B9ax T317 +053ax 70Ol 0693y TOO1 £ 08lay

a o -236+075ax —23E + 007 ax -1LI18 033 ay 107 £ 012ay
o5 -236+075ax —241 +065ax -1.22 £052ay -1.15+034ay
10 ~236L0T5a% —240L064a% —~138 LOF0ay ~117 2 052ay

B* o 21FB+ 068 ax 212 £ 074ax 23T £ 074ay 2413 £ 036ay
o5 21FB+ 068 ax 2118 £ 055ax 2401 £055ay 2424+ 03%9ay
1o 21FB+ 068 ax 2113+ 071ax 2303 £t D48ay 2414+ 0T ay

s8C o 127 + 091 ax 13.1:075ax 129 + DEBax 127 +068ax
05 127 + 091 ax 120+ 085ax 120 + DE7ay 128 + D74ax
1o 127 + 091 ax 13E:07Eax 124 £ DBEaxy 127 £ 037 ax

TTA o 351 L 052ax ITFIL031ax 336 L DEBax 322 £ 040ax
o5 351 +052ax 353+ 087ax 3% +045ax 363 +091ax
1o 351 +052ax 373+ 025ax I +0Tax 34T 021 ax

Each value is the mean + standard error of the mean of fowr replicates with 4 evaluations each. Within columns. different letters (2 and b) indicate significant differences
(P« 0.05) between treatments: within lines different betters (x and y) indicate significant differences (F<0.05) between storage days.

days of treatment (Fig. 2B). UV-C at 0.5kl/m? always resulted in
population reductions of the three bacteria equal or superior to
1.0logcfulg In general, no significant differences were observed
between this treatment and 5H.

3.4, Quality parameters of apple pieces

Table 2 shows the L*, a*, b* of color values, solid soluble contents
{55C) and titratable acidity (TTA) values for control (0k]jm?) and
both UV-C illuminated (0.5 and 1.0k]/m?) apple slices stored at
4 4+0.5C for 15 days. No differences in color values were observed
among treatments, although Hunter L* values slightly decreased
after 7 days of storage in all treatments and then remained stable
until day 15. Regarding a* and b* values, an increase occurred in all
treatments during the first 7 days and then values remained stable.

The 55C and titratable acidity TTA values were not influenced by
UNV-C treatments or storage period.

4. Discussion

The present study demonstrated that UV-C treatment is effec-
tive in significantly reducing the microbial load in fresh-cut apples
inoculated with E. coli, L, innocua and 5 enterica, and not only
after processing but also during storage. This reduction depends
on the microorganism and the applied dose of UV-C illumination.
Untreated samples had higher total viable counts apart from the
treatment applied with only one exception, fresh-cut apple inocu-
lated with a pure culture of L, innocua (Fig. 1B). On this case apple
pieces washed with DW had the same development throughout
storage than untreated apple pieces. The highest reductions were
observed on fresh-cut apples treated with UV-C at 1.0kl/m? just
after treatment and throughout storage. In apple pieces inoculated
with a pure culture of the pathogens, and treated with UV-C at
1.0k]jm?, population reduction ranged from 1.0 to 2.1 log cfu/g and
on those inoculated with a cocktail of the pathogens from 1.4 to
4.1 log cfufg, just after treatment and at day 7. The highest reduc-
tion observed in apple slices inoculated with the mixture of the
pathogens could be due not only to the treatments, but also to
a competition of nutrients by the pathogens. These results are in
agreement with other studies showing that the germicidal effect
of UV-C light in fresh-cut fruit and vegetables is usually within
1 and 2 log cycles. 5chenk et al. (2012), observed a reduction of

2.5 and 2.2 log of E. coli and L, innocua in "William® pear slices at a
UV-C dose of 7.5 k]/m2. Anés-Herndndez et al. (2010) also found
that UV-C illumination of fresh-cut watermelon reduces its natural
microbial load in 2 log ciufg and Gomez et al. {2010) reached results
oflog reduction of L innocua, E. coli and Sacharomyces cerevisiae ran-
ging from 1 to 1.9 log cycles in apple discs. When comparing UV-C
illumination with commercial sanitation 5H treatment, the effect
on microbial reduction of the application of 5H at 100 ppm was in
general similar to that obtained with the UV-C dose of 0.5 kj/m2.

Schenk et al. {2008) studied the inhibition of some pathogens by
UV-C light on pear slices with and without peel. In pear slices with-
out peel for the highest UV-C doses L. innocua and L, monocytogenes
were the most beneficial microorganisms, and in contrast, at lower
doses, E. coli and Zygosaccharomyces bailii were the most benefi-
cial ones. However in pear slices with peel, the survival patterns
changed, E. coli and L, innocua were the most beneficial, showing
that there are several factors affecting the behavior of the microor-
ganism submitted to UV-C light.

In our studies, except forL, innocua in a mixture, the application
of UV-C illumination reduced the initial microbial population in
apple pieces, which could not repair induced damage and recover
during storage, remaining almost constant during the 15 days of
storage. Other authors have found different results, at the beginning
of the assay illuminated samples by Manzocco et al. (2011) had
reductions of 2 log units until 8 days of storage, but after this period
the difference reduced to 1 log cycle.

Yousef and Marth [ 1988), state that the survival of microorgan-
isms is also affected by the number of illuminated cells. As in our
study, Schenk et al. (2008 ) observed different resistance patterns
in experiments using pear slices inoculated with pure cells or with
a cocktail of strains.

UV-C illumination can damage microbial DMA and lead to muta-
tions. These mutations can block the transcription and replication
of the cell, compromising cellular functions and often leading to
cell death. It is known that the amount of this DNA cross-linking is
proportional to the UV-C exposure (Allende et al., 2006). It has been
reported that the effect of UV-C illumination on the inactivation of
microorganisms is dependent on the dose applied, which is defined
as intensity multiplied by the exposure time (Sommer et al., 1996).
And it is also known that UV-C does not penetrate the tissues, so
only the microorganisms on surface will be a target of the LW-Cillu-
mination. This phenomenon could explain the reduction values of L.
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innocua on the apple pieces inoculated with the three pathogens at
time 0. The development of this foodborne pathogen after 15 days
of storage might be due to the capacity of some microorganisms to
repair the DMA damage.

The use of UV-Cillumination as eco-innovative disinfection sys-
tem of fresh-cut apples is in the same direction as other alternative
systemns and results are in accordance with them. Gragaet al. (2011)
achieved reductions of pathogens on the order 2 log and higher
with the use of electrolyzed water. The application of sodium chlo-
rite and calcium propionate to apple slices was able to inhibit
apple browning during storage and reduce E. coli population {Guan
and Fan, 2010). Abadias et al (2011) reduced the population of
E. coli 0157:H7, 5almonella spp. and Listeria spp. in apple plugs with
peroxyacetic acid, hydrogen peroxide and N-acetyl-L-cysteine and
Alegre et al. (2011) with the application of the probiotic strain Lac-
tobacillus rhamnosus GG achieved a reduction of L. monocytogenes
of 1 log.

Additional analyses were also performed to investigate the
effect of UNV-C illumination quality properties of fresh-cut apples.
Color, solid soluble contents and acidity of fresh-cut apples were
not significantly affected by storage up to 15 days independently of
the application UV-C illumination during processing. Similar find-
ings were reported from Artés-Herndndez et al. (2010) on fresh-cut
watermelon and from Manzocco et al. (2011) on fresh-cut melon.

In conclusion the present study demonstrated that UV-C illumi-
nation is effective in reducing E. coli, L, innocua and 5, enterica on
the surface of fresh-cut apple. UV-C illumination at a very low dose
of 1.0k]/m? was found to be more effective on disinfection than a
standard sodium chloride solution, indicating that should be con-
sidered as an alternative to chlorination in fresh-cut industry. This
disinfection technique has also 2 major advantage because it does
not leave residues on the fruit, is safer to the consumer, and could
reduce water consumption and minimize waste water discharge
rates of the fresh-cut industry.
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Abstract

The present study aimed at evaluating the growth of Escherichia coli, Salmonella
enterica, and Listeria spp. and studying the efficacy of Ultraviolet-C (UV-C)
illumination, acidic electrolyzed (AEW) and neutral electrolyzed (NEW) waters in the
reduction of these bacteria on ‘Rocha’ pear. Fresh-cut pieces were inoculated and
incubated at 4-20 °C for 8 days. Inoculated pears were treated with UV-C (2.5-10
kJ/m?), AEW, NEW and sodium hypochlorite (SH) and microbiological and quality
parameters were evaluated. The three bacteria grew on the pear at high growth rates at
12 and 20 °C reaching populations of 8.1-8.6 log cfu/g, in 24 h. At 8 °C the
microorganisms increased their populations by at least 1 log cfu/g in three days. At 4 °C
adaptation phases of less than 24 h for Listeria spp. were measured before exponential
growth occurred and the enterobacteria did not grow despite having survived for 8 days.
AEW and NEW caused microbial reductions similar to SH, of approximately 1 log
cfu/g, while the best UV-C dose (7.5 kJ/m?) of at least 2.4 log cfu/g. Fresh-cut pears
were a good substrate for foodborne bacteria emphasizing the importance of preventing
contaminations and cross contaminations. The UV-C was more effective than the
chemical decontaminations, as it provided superior microbial reductions without greatly

affecting the quality of pears.

Keywords: 'Rocha’ fresh-cut pears, Escherichia coli, Salmonella enterica, Listeria spp.,

Ultraviolet-C, Electrolyzed water
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1. Introduction

The safety and the increase of shelf-life of minimally processed foods are two major
challenges for the industry as fresh products may contain high microbial levels after
harvesting and can be easily contaminated with foodborne microorganisms during the
processing (Graga et al 2015, 2017; Olmez and Kretzschmar, 2009; Parish et al., 2003;
Ramos et al., 2013).

The natural microbiota of raw fruits and vegetables is usually nonpathogenic for
humans and is present at the time of consumption. However, during primary production
and processing, the food can be contaminated with pathogens from human, animal or
environmental sources (Brandl, 2006). Fresh fruit products (apple juices, tomatoes,
watermelon, mango, cantaloupe, berries) have been responsible for outbreaks caused by
pathogenic bacteria such as Escherichia coli 0157:H7, Salmonella enterica and Listeria
monocytogenes (Olmez and Kretzschmar, 2009; Parish et al., 2003; Ramos et al., 2013).
The growth of pathogens on food during distribution/storage is thought to be
determinant to most outbreaks (Codex Alimentarius Commission, 1999) and several
studies have demonstrated the capacity of pathogenic bacteria to survive and/or grow at
different temperatures in minimally processed fruits (Abadias et al., 2012; Alegre et al.,
2010a, 2010b; Dingman, 2000; Lourenco et al., 2012, Santo et al., 2016). Moreover,
different produce differ in the ability to support the growth of bacteria as reported for L.
monocytogenes (Hoelzer et al., 2012). The processing operations inherent to the
minimal processing which include cutting, dicing, washing, decontamination and
packaging are determinant to the contamination levels and for the microbial growth
behavior. Operations such as cutting and dicing increase the availability of nutrients and
contribute to the dissemination of microorganisms and their growth. Additionally, the
capacity of microorganisms to produce biofilms on fresh produce may enhance their
survival and growth and enable the bacteria to persist and withstand washing and
antimicrobial treatments. Salmonella Typhimurium embedded in a biofilm matrix
resisted sodium hypochlorite (NaOCI) at concentrations above 500 mg/L, while

planktonic cells were sensitive to less than 50 mg/L (Scher et al., 2005).

Sodium hypochlorite (50 to 200 mg/L, during 1-2 minutes) is the most widespread
disinfectant applied in the fresh-cut industry, although it can cause problems to man and
the environment due to the generation of potentially harmful by-products such as gases,
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trihalomethanes and chloramines. Additionally, its efficacy is dependent on pH, organic
material and the physiologic state of microorganisms, and its use is prohibited in some
European countries.  As a consequence, alternative chemical and physical

decontamination methods are studied (Beuchat, 1998; Ramos et al., 2013).

Short wave Ultraviolet-C (UV-C) illumination and electrolyzed water (EW) are two
non-thermal decontamination technologies that have been tested as alternatives to
chlorine. Different studies have reported that UV-C light at 254 nm in doses from 0.5 to
20 kJ/m? reduces the number of microorganisms, thus contributing to the extension of
shelf-life while maintaining and/or improving the overall safety and quality of fresh-cut
fruit (Bintsis et al., 2000). The main injuries of UV-C on microorganisms, especially on
E. coli, result from membrane alterations on phospholipids, secondary structures of
proteins, and polysaccharides and changes on structures of DNA/RNA (Syamaladevi et
al., 2013). This technique was successfully applied to reduce microbial contamination
and/or to extend shelf-life in mango and pineapple (George et al., 2015), watermelon
(Artés-Hernandez et al., 2010), kiwifruit (Beirdo da Costa et al., 2014), apples (Graca et
al., 2013), apricot (Yun et al., 2013) and melon (Manzocco et al., 2011). Moreover, the
UV-C illumination has been associated to the enhancement of antioxidant activity
measured in mango and pineapple (George et al., 2015) and in watermelon (Artés-
Hernandez et al., 2010), to the increase of peroxidase activity in cantaloupe (Lamikanra
et al., 2005), to the induction of the production of anthocyanins and stilbenoids (Ramos
et al., 2013) and the promotion of enzymatic stability in fresh-cut fruit through the
inactivation of pectate lyases (Manzocco et al., 2009a) and polyphenoloxidases
(Manzocco et al., 2009b) in apples. The major advantages of UV-C illumination reside
in the fact that it is a dry cold process that does not require expensive or high energy
consuming equipment, involve extensive safety equipment, leave toxic residues, has
broad-spectrum microbicidal activity and is relatively inexpensive (Artés et al., 2009;
Guerrero-Beltran and Barbosa-Canovas, 2004; Ramos et al., 2013).

EW has been reported to have a great microbicidal activity against several pathogenic
and spoilage microorganisms and has also the advantage of neutralizing harmful
substances such as cyanides and ammonium (Huang et al., 2008; Ramos et al., 2013). It
is produced through the electrolysis of a sodium chloride solution in electrolytic cells
where two types of EW can be formed: acidic electrolyzed water (AEW), produced at
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the anode, and neutral electrolyzed water (NEW) produced at the cathode. AEW has
low pH (2-4), high oxidation-reduction power (ORP) (> 1000 mV) and contains oxygen
gas, chlorine gas, hypochlorite ion, hypochlorous acid and hydrochloric acid. NEW is
characterized by pH values of 5 to 8.5 and ORP values of 500 to 700 mV and contains
hydrogen gas and sodium hydroxide (Huang et al., 2008). Although the mode of action
of EW is not clearly understood its antimicrobial activity may be related to the
disruption it causes in the cell wall of bacteria (Osafune et al., 2006) and to the high
oxidizing potential of hypochlorous acid producing hydroxyl radicals (*OH) which act
on cells and its components (proteins, nucleic acids) (Huang et al., 2008). Electrolyzed
water has been used as a disinfectant for food processing equipment and has also been
successfully applied to decontaminate fruits and vegetables, among other food. Its
application contributes to the reduction of the microbial load on blueberries (Kim and
Hung, 2012), tomatoes and lettuce (Pangloli and Hung, 2011), broccoli (Martinez-
Hernandez et al., 2015), lettuce, carrot and endive (Abadias et al., 2008) and cilantro
(Wang et al., 2004). In fresh-cut apple, both AEW and NEW revealed microbiocidal
activity on E. coli, L. innocua and S. enterica as described by Graca et al., (2011). The
main advantages of EW are its broad-spectrum microbicidal activity, its safety, as it is
not corrosive to humans’ health (skin, mucous membranes), is less reactive with organic
material and has a less adverse impact on the environment (Huang et al., 2008).

‘Rocha’ pear (Pyrus communis L. cv Rocha) is a Portuguese variety being recognized as
a Protected Denomination Origin (PDO) fruit. Its production reached 195,000 tons in
2013, accounting for 95 % of the national pear production from which about 30 % was
exported. Due to its characteristics, namely flavor and texture, recently it began to be
marketed as minimally processed fruit in restaurants, supermarkets and on airline travel
caterings. Since no information is available on the capacity of foodborne pathogens to
grow on ‘Rocha’ pear tissues and on the effect of decontamination technologies on
fresh-cut pieces of this fruit, the aim of the present work was to study the growth of E.
coli, S. enterica and Listeria spp. on minimally processed ‘Rocha’ pear at different
temperatures and evaluate the efficacy of UV-C illumination, acidic and neutral
electrolyzed water on reducing the mentioned bacteria population, inoculated

individually and in a mixture, in fresh-cut pears.
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2. Methods

2.1. Pear preparation

The ‘Rocha’ (cv) pears used in the present study were purchased in an orchard and
stored at 0.5+£0.5 °C before processing. Pears were washed in running tap water and
surface disinfected by dipping and scrubbing in a sodium hypochlorite solution (0.5 %)
during 30 s. After drying at room temperature, pears were aseptically cut in pieces of 1
g each (1 cm long and radius 0.6 cm obtained with a sterile cork borer), without core
tissue and skin. Pieces of 10 g each without core tissue and with the skin were prepared,
using a cutting instrument, to perform the decontaminations and evaluate the quality of
the fruit.

2.2. Microorganisms and preparation of inocula

The bacterial species used in the present work were Escherichia coli (the non-
toxicogenic strain of E. coli O157:H7 NCTC 12900, E. coli ATCC 25922 and E. coli
ATCC 10536), Listeria innocua CECT-910, L. monocytogenes C897 (Faleiro et al.,
2003) and Salmonella enterica (subsp. enterica Michigan ATCC BAA-709 and S.
Typhimurium ATCC 14029). The bacteria were stored at -80 °C and maintained on
Tryptone Soy Agar (TSA) (Oxoid, Hampshire, UK) at 4+1 °C. Bacterial inocula used to
contaminate the fruit, were cultivated on TSA and incubated during 24+2 h at 37+1 °C.
Then, they were sub-cultured in 50 mL of Tryptic Soy Broth (TSB) (Biokar
Diagnostics, Allonne, France) following an orbital incubation (VWR, Incubating Mini
Shaker, USA) at 150 rpm at 371 °C. After 24 h, the bacterial cells were recovered by
centrifugation at 8000 rpm for 15 min (Heraeus, Multifuge 1 L-R, Germany) and the
pellet was resuspended in 50 mL of sterile saline peptone [8.5 g/L NaCl (Panreac,
Barcelona, Spain) and 1 g/L peptone (Biokar)]. These suspensions were used as inocula
of fresh-cut pear, after an adjustment of its concentration to 107 cfu/mL according to a
standard curve, measuring the transmittance at 420 nm in a spectrophotometer
(Spectrophotometer UV—Vis, 175 Shimadzu-UV160, USA). The concentrations of
bacterial suspensions used as inocula were confirmed using the Miles and Misra (1938)
surface colony count method. Drops of 20 pL of ten-fold dilutions were released in
triplicate onto the surface of the TSA medium and plates were incubated at 37+1 °C for
24+2 h.
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2.3. Growth of E. coli, S. enterica and Listeria spp. on fresh-cut pears at different

temperatures

The growth of E. coli, S. enterica and Listeria spp. on fresh-cut pears at different
temperatures was performed on 1 g pear pieces previously prepared as described above.
Pear portions were submerged in 107 cfu/mL suspensions of E. coli, S. enterica and
Listeria spp. separately, during 3 min at 150 rpm in an orbital shaker. After drying in a
laminar flow hood (Bioquell, Microflow, UK) during 30 min, samples were divided in 7
sets. Each set was divided in 4 other groups containing 4 pear pieces each. One set was
analyzed straightaway. The other 6 batches were packed in biaxially-oriented
polypropylene (BOPP) (0.030 mm thick) bags and each batch was stored at four
different temperatures: 4+0.5 °C, 8+0.5 °C, 12+0.5 °C and 20+0.5 °C.

The population of the three different bacteria was enumerated, individually, on the
fresh-cut pear samples at days 0, 1, 2, 3, 6 and 8, after the storage. The inoculated pear
portions (1 g) were transferred into sterile Stomacher bags, mixed with 9 mL of sterile
saline peptone and homogenized in a Stomacher (Model 400 Circulator, Seward,
Norfolk, England) during 2 min. Homogenates were serially diluted in saline peptone
and aliquots of 20 uL were plated in triplicate on the surface of Sorbitol MacConkey
agar (Biokar Diagnostics) to count the number of E. coli, on Palcam agar (Biokar
Diagnostics) to evaluate the population of Listeria spp. and on Hektoen agar (Biokar
Diagnostics) to enumerate S. enterica. The evaluation of the microbial populations was
performed with the Miles and Misra method (Miles and Misra, 1938). Plates were
incubated at 37+1 °C for 24+2 h (E. coli and S. enterica) or for 48+2 h (Listeria spp.).
Colonies were counted and the results expressed as colony forming units (cfu) per gram
of pears. In each sampling point, four replications were performed and the experiments
were repeated twice. The specific growth rates (day?), adaptation phases (Lag) (day)
and final microbial population (Final value) (log cfu/g) were calculated using the DMFit

modeling tool (http://modelling.combase.cc) (Barany and Roberts, 1994).

2.4. UV-C treatment

The UV-C treatments were performed in a chamber (100 cm x 100 cm x 50 cm)
equipped with two sets of five unfiltered germicidal emitting lamps (Philips, TUV 25W
G25 T8 Longlife). One set of lamps was placed horizontally on the top and the other
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one on the bottom of the radiation cabinet. The fresh-cut pears were placed on a net
positioned midway between the UV-C lamps. The walls of the cabinet enhanced a
homogeneous dispersion of the emitted light to allow illumination of almost the whole
food surfaces. The UV-C radiation intensity of the lamps was measured with a
radiometer (UVX Radiometer, UVP. Inc, USA) placed at the same distance as the
commodities (15 cm) and calculated as a mean of 20 readings in different places taken
at each side of the net. The intensity of light was kept constant and the applied doses
varied by modifying the exposure time. The UV-C doses selected to use as
decontamination treatments on fresh-cut pears were 2.5, 5, 7.5 and 10 kJ/m? and will be
referred to as UV2.5, UV5, UV7.5 and UV10, respectively (in the images, tables and
text).

2.4. Electrolyzed water

Acidic electrolyzed water (AEW) and neutral electrolyzed water (NEW) were produced
with an electrolyzed water (EW) generator (Envirolyte EL-400, Envirolyte Industries
International Ltd., Estonia) when a saturated sodium chloride solution was pumped into
the equipment with the current set at 20-23 A, according to the instructions of the
manufacturer. AEW and NEW were collected in flasks and kept at 4 °C until use (no
more than one day). Solutions of AEW and NEW were prepared at 100 mg/L of free
chlorine by diluting with distilled water previous to its application on the fruit.

UV-C illumination treatments and AEW and NEW washings were compared with
distilled water (DW) and sodium hypochlorite (SH) solutions at 100 mg/L free chlorine.
SH solutions were prepared by diluting a 4 % sodium hypochlorite solution
(AppliChem, Darmstadt, Germany) with distilled water. All solutions were stored at 4
°C and used within 1 h. The properties of each solution such as ORP, pH and free
chlorine concentration were measured. ORP and pH were measured with a pH-meter
(Model GLP-21, Crison, Spain), using an ORP electrode (Crison 52-61) and a pH
electrode (Crison 52-02), respectively. Free chlorine concentrations were determined
using a free and total chlorine photometer (HANNA Instruments, model HI9133,
Woonsocket, Rl, USA). The AEW used in the decontamination treatments had a pH of
2.90 (x0.03), a ORP of 1121 (+3) mV and a free chlorine of 99 (£2) mg/L. The NEW
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applied in the fresh-cut pear was characterized by a pH of 8.20+£0.11, a ORP of 75445
mV and contained 102+2 mg/L of free chlorine.

2.5. Inactivation of E. coli, S. enterica and Listeria spp. (individually and in a

mixture) on fresh-cut pears using UV-C illumination and AEW and NEW

Fresh-cut pear pieces were immersed in a 107 cfu/mL suspension of E. coli, S. enterica,
Listeria spp. individually, during 3 min with 150 rpm orbital agitation. Inoculated
samples were air-dried in a laminar flow hood during 30 min before the application of
the treatments.

Inoculated pear pieces were divided into 9 batches of 4 pieces each. Four batches were
submitted to UV-C light treatment of 2.5, 5, 7.5 and 10 kJ/m?, each. Two of the batches
were used to study the effect of washings with AEW and NEW as decontaminants and
another two sets of fruits were treated with SH solution and with DW. The washings
treatments (AEW, NEW, SH and DW) occurred by dipping the fruits in flasks
containing 500 mL of the treating solutions, during 5 min in agitation (150 rpm) in an
orbital agitator. After the application of the treatment solutions, pear pieces were
drained and rinsed with cold distilled water for 3 min at 150 rpm in an orbital shaker.
Then, these four batches were left to dry in a laminar flow hood for 30 min.

The last inoculated batch of fresh-cut pear was not submitted to any decontamination
treatment and was used as control.

In the case of fresh-cut pears inoculated with a bacterial mixture, E. coli, S. enterica
and Listeria spp. were prepared as previously described to achieve a final concentration
of 10® cfu/mL of each bacterium. The quantification of each microorganism was
confirmed using the Miles and Misra method (1938), plating 20 uL drops of diluted
cultures on Sorbitol MacConkey Agar for E. coli, and Hektoen Agar for S. enterica
(incubation at 37+1 °C for 24+2 h) and on Palcam Agar for Listeria spp. (incubation at
37+1 °C for 48+2 h). Samples of pear pieces were inoculated by dipping into 500 mL of
a mixture of the three bacteria and left to dry. Afterwards, EW and UV-C treatments, as
well as SH and DW, were applied as previously described. Inoculated, but untreated
samples were used as a control.

The evaluation of the population of each foodborne bacteria was determined in the pear
samples after drying for 30 min. For each decontamination treatment, 10 g of pear

pieces were transferred into sterile Stomacher bags and mixed with 90 mL of sterile
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saline peptone following a homogenization in a Stomacher, during 2 min, as previously
described. Serial dilutions in saline peptone were made and 20 pL drops, in triplicate,
were plated on the surface of the TSA medium using the Miles and Misra method
(1938). Colonies were counted after incubation during 24+2 h at 37 °C, and the results
expressed as log cfu/g of pears. For each treatment condition four replications were

performed and the experiment was repeated twice.

2.6. Effect of UV-C illumination and AEW and NEW on the quality parameters of

fresh-cut pear

The effects of UV-C illumination (2.5, 5, 7.5 and 10 kJ/m?), AEW and NEW (100 mg/L
of free chlorine), SH (100 mg/L of free chlorine) and distilled water (DW) on the
quality parameters (color, soluble solid content, titratable acidity, pH and firmness) of
fresh-cut pear were also studied. The quality parameters were measured, in triplicate, in
pear pieces decontaminated with each treatment, 4 hours after the treatments when the
fruit pieces submitted to washings were dried. Results were compared with
determinations performed with untreated fresh-cut pear immediately after cutting (AC)

and 4 hours after cutting, used as control (CK).

Surface color of pear pieces was evaluated with a CR-300 Minolta chromameter
(Minolta, Inc., Tokyo, Japan), standardized against a white tile, using the CIE L*, a*, b*
parameters. The Hue angle was calculated from averaged a* and b*.

The soluble solid content (°Brix) (SSC) of fresh-cut pears was measured using a
refractometer (Atago Co. Ltd. Tokyo, Japan) in the juice extracted from the pear pieces.
Titratable acidity (TA) was measured in 10 mL of pear juice dilute in 10 mL of distilled
water and titrated with 0.1 N of NaOH (Merck, Darmstadt, Germany) to a pH value of
8.2. Results were calculated as g of malic acid per liter.

Firmness was determined using a texture analyzer (Chatillon, Chatillon Force TCD200,
Digital Force Gauge Dfis 50 penetrometer, USA) with a 8 mm diameter plunger that

penetrated 7 mm. Firmness was expressed in Newton (N).

2.7. Statistical analyses

The values of reduction in bacteria on pear pieces were calculated by subtracting the
population of inoculated but untreated pears from the microbial population after
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treatment in the same storage conditions. Values represent the means of 2 different
experiments, with 4 replicates per treatment per experiment. The quality parameters
were determined in triplicate in samples decontaminated with each treatment. Data were
subjected to analysis of variance and Duncan’s multiple range tests using SPSS v.20.0
software (SPSS Inc., USA). Significant differences in reduction values were established

by the least significant difference at the 0.05 level of significance.

3. Results and Discussion

3.1. Growth of E. coli, S. enterica and Listeria spp. on fresh-cut pears

The survival and growth of E. coli (Fig. 1A), S. enterica (Fig. 1B) and Listeria spp.
(Fig. 1C) inoculated on fresh-cut ‘Rocha’ pears, at different temperatures (4, 8, 12 and
20 °C) during a period of eight days are represented in Fig. 1. At 20 °C the population
of the three foodborne pathogens increased exponentially during approximately the first
day, with maximum specific growth rates of 2.98+0.258, 2.7+0.322 and 3.1+0.296 day
! for E. coli, S. enterica and Listeria spp., respectively. At 12 °C a similar behavior was
observed for the three microorganisms but with maximum specific growth rates slightly
lower of 1.9+0.193, 2.2+0.23, 2.6+0.636 day™, respectively. After the exponential
growth a stationary phase occurred until the end of the assays. An increase of initial
viable populations, recovered from inoculated fresh-cut pears, of 6.0-6.4 log cfu/g to
8.1-8.6 log cfu/g, at the end of the study was observed.

At 8 °C, E. coli and S. enterica were able to grow exponentially during approximately 3
days at maximum specific growth rates of 0.37+0.043 and 0.66+0.127 day?,
respectively, although more slowly than the temperatures of 12 and 20 °C. Then, a
stationary phase growth was observed until the 8" day when final populations of
7.9+0.074 and 7.6+0.124 log cfu/g, respectively, were counted. Regarding Listeria sp.,
an adaptation phase of 0.58+0.279 day was estimated, which was followed by
exponential growth at a rate of 0.89+0.113 day?, reaching the stationary phase,
approximately, after 3 days. Counts of the Listeria population increased from 6.3+0.040
log cfu/g, at the beginning, to maximum values of 9.2+0.054 log cfu/g of pear, at end of

the experiment.
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Fig. 1. Growth of inoculated bacteria in pear pieces stored for 8 d at 4°C, 8°C, 12°C and 20°C. (A)
Escherichia coli; (B) Salmonella enterica; (C) Listeria sp.. Values are the means of 2 experiments with 4
replicates each and bars indicate standard error. (0 4 °C; 08 °C; @ 12 °C; o 20 °C).
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At 4 °C the population of E. coli and S. enterica remained almost unchanged during the
period studied, after the inoculation moment, or slowly declined. In the case of E. coli a
death rate of -0.35+0.13 day * was calculated. In regards to the growth of Listeria spp.
in fresh-cut pears at 4 °C, an adaptation phase of less than 24 h was estimated followed
by an exponential growth at a rate of 0.38+0.0567 day reaching a population of
8.2+0.102 log cfu/g.

The results described for pear are similar to previous research regarding the growth of
foodborne pathogens in cut fruit at the temperatures tested. For example, E. coli
0157:H7, S. enterica and L. innocua were able to growth exponentially at temperatures
of 20 and 25 °C on fresh-cut peaches of different varieties (Alegre et al., 2010b) and on
fresh-cut apples ‘Golden delicious’ (Alegre et al., 2010a). At 10 °C these
microorganisms were able to grow on the fruits reaching lower populations while at 5
°C, only L. innocua was able to multiply. E. coli O157:H7 also showed an exponential
growth in minimally processed melon at 25 °C but was unable to grow on pineapple at
25 and 5 °C (Abadias et al., 2012). Strawn and Danyluk (2010) observed a similar
behavior of E. coli O157:H7 and S. enterica on cut papayas and mangos at 23 °C. At 12
°C only Salmonella grew on both fruits and E. coli was only able to growth on papayas.
The same authors observe that both enterobacteria did not grow on the fruits at 4 °C but
were able to survive during 28 days.

The differences in the growing capacity of bacteria on the fruits may be explained by
intrinsic  characteristics of the fruits’ tissues, including pH, composition,
presence/absence of inhibitor compounds and by the physiologic capacity of the
different microbial species to adapt to eventual stressful conditions. In the case of
peaches, for example, the highest populations of foodborne bacteria registered were
obtained in the varieties with the highest pH values (4.12 and 4.73) (Alegre et al.,
2010b) and on fresh-cut strawberries (pH 3.6-3.8) Flessa et al. (2005) and Knudsen et
al. (2001) reported that E. coli, S. enterica and L. monocytogenes were not able to grow.
The results presented indicate that fresh-cut pears are a good substrate for the three
pathogens to survive and grow at temperatures above 8 °C while at 4 °C, only Listeria
spp. was able to grow after 24 h adaptation phase. Fresh-cut pear has a pH tissue value
of 5.28 which is slightly acidic for a fruit and has a low titratable acidity of 1.3 g malic
acid/g, when compared to other fruits (peaches- 4.1-8.9 g malic acid/l; apples-2.16-8.2 g

malic acid/l).
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Storage temperature is one of the main factors regulating the microbial growth in the
food matrices. Listeria is a psychrotrophic microorganism and when at refrigeration
temperatures induces a complex mechanism of adaptation, the “cold shock response”,
that allows it to rapidly adapt and multiply reaching dangerous populations enough to
cause disease during the shelf-life of food (Melo et al., 2015). On the other hand, many
microorganisms in environments where pH is lower than optimal developed a number
of alterations, involving the activation of a number of genes. For example, cells may
alter the external pH value by expressing enzymes whose function is to raise external
pH, such as lysine decarboxylase, in Salmonella, which converts lysine to cadaverine,
an alkaline substance, arginine decarboxylase in E. coli (Beales, 2004) and arginine
deiminase in L. monocytogenes (Melo et al., 2015). Exposure to mildly acidic
conditions induces tolerance mechanisms, such as the acid tolerance response (ATR)
described in the foodborne microorganisms S. enterica and E. coli (Foster, 2001) and L.
monocytogenes (Melo et al., 2015). These mechanisms, among others, enable the
bacteria to survive on food products such as fruits, with a pH lower than the microbial
optimal pH, and protect them from subsequently more severe pH/acid conditions.
Microorganisms may evolve to being able to rapidly adapt and tolerate/resist a
particular stress. This adaptation or resistance will allow the survival and growth of
foodborne microorganisms, thus having great implications on the safety of food
products, such as acidic food stored at low temperatures.

3.2. Inactivation of E. coli, S. enterica and Listeria spp. (individually and in a

mixture) on fresh-cut pears using UV-C illumination and AEW and NEW

The antimicrobial activity of UV-C illumination at different doses (2.5, 5, 7.5 and 10
kJ/m?) and electrolyzed water (AEW and NEW) (100 mg/L of free chlorine), on fresh-
cut pears inoculated with single cultures of E. coli, S. enterica and Listeria spp. is
represented in Fig. 2 and with a mixture of the three groups of microorganisms, in Fig.
3. The results were compared with fresh-cut fruit treated with SH solution (100 mg/L of
free chlorine) and distilled water (DW).
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Reduction (log cfu/g)
N

uv2.5 UVv5 uv7.5 uUVv10 AEW NEW SH DW
Treatments

Fig. 2. Reduction of E. coli, S. enterica and Listeria spp. (individually) after treating pears slices with
UV-C illumination, acidic electrolyzed water (AEW), neutral electrolyzed water (NEW), sodium
hypochlorite (SH) (100 mg/L of free chlorine) and with distilled water (DW). For each pathogen, columns
with different letters indicate significant differences between treatments using Duncan multiple range test
(P < 0.05%). Values are the means of 2 experiments with 4 replicates each and bars indicate standard
errors. (M E. coli; ™ S. enterica; M Listeria spp.).

The exposure of pear pieces to the different doses of UV-C illumination and EW, as
decontaminants, induced reductions in the populations of the three foodborne pathogens
studied. In the case of E. coli population (in a single culture) the reductions obtained
ranged from 2.3 log cfu/g to 3.4 log cfu/g after the application of UV10 and UV7.5,
respectively (p<0.05) (Fig. 2). When E. coli was inoculated in the pear with a mixture of
species, the most efficient treatment was also UV7.5 resulting in the highest reduction
values of E. coli population of 3.2 log cfu/g (Fig. 3). None of the UV-C treatments
resulted in microbial reductions inferior to 1.97 log cfu/g. Regarding EW washings,
microbial decreases values of 0.53 to 1.1 log cfu/g were achieved and no significant
differences among the bacterial population drops obtained in samples washed with
AEW, NEW or SH were observed (p>0.05), whether in a single culture or in a cocktail
(Fig. 2 and Fig. 3). The microbial reductions obtained with decontaminations of AEW
and NEW showed no differences from the results achieved with washings of SH

solutions (p>0.05).

103



Capitulo V - Growth of Escherichia coli, Salmonella enterica and Listeria spp., and their inactivation using
ultraviolet energy and electrolyzed water, on 'Rocha’ fresh-cut pears

Reduction (log cfu/g)
N

uv2.5 UVv5 uv7.5 uUVv10 AEW NEW SH DW
Treatments

Fig. 3. Reduction of E. coli, S. enterica and Listeria spp. (mixture of the 3 bacteria) after treating pears
slices with UV-C illumination, acidic electrolyzed water (AEW), neutral electrolyzed water (NEW),
sodium hypochlorite (SH) (100 mg/L of free chlorine), and with distilled water (DW). For each pathogen,
columns with different letters indicate significant differences between treatments using Duncan multiple
range test (P < 0.05%). Values are the means of 2 experiments with 4 replicates each and bars indicate
standard errors (M E. coli; ™ S. enterica; M Listeria spp.).

The application of UV-C illumination on fresh-cut pear inoculated with S. enterica in a
single culture led to the highest reductions of this microorganism when doses of UV10
and UV7.5 were applied with values of 2.4 and 2.4 log cfu/g, respectively and no
statistical differences were found between them (p>0.05) (Fig. 2). In the mixed culture,
the UV7.5 was also the treatment that allowed the higher reduction values (2.8 log
cfu/g) for S. enterica (Fig. 3). None of the UV-C treatments resulted in the reduction
level of S. enterica inferior to 1.9 log cfu/g. Washing the contaminated pears with AEW
and NEW caused a decrease in the levels of S. enterica population of 0.92 and 1.1 log
cfu/g in a single culture (Fig. 2) and of 0.76 and 0.67 log cfu/g in a mixed culture (Fig.
3). In both cases, the results obtained in the decontaminations with AEW and NEW
showed no differences from the disinfections performed with SH (p>0.05). The washing
with DW was the treatment that resulted in lowest reduction values, of E. coli, S.

enterica and Listeria spp. populations on the fresh-cut pears.

With regards to Listeria spp. in a single culture inoculation, the highest reductions were
achieved when the UV10 treatment (3.3 log cfu/g) and UV7.5 (2.9 log cfu/g) were
applied and no statistical differences between these results were detected (p>0.05). The
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lowest microbial reduction of 1.7 log cfu/g was caused by UV2.5 (Fig. 2). When the
fresh-cut pears were inoculated with a mixture of the three pathogens, the highest
reduction (2.4 log cfu/g) of Listeria spp. was obtained with the UV7.5 treated samples,
although there were no statistical differences from UV5 treated pears (2.1 log cfu/g)
(p>0.05). The lowest reductions were observed with the UV10 (1.5 log cfu/g) (Fig. 3).
Concerning the utilization of EW as a decontaminant, no significant differences were
observed among the microbial reductions achieved in the pear samples washed with
AEW and NEW, which caused a decrease in Listeria spp. values of 1.1 and 1.03 log
cfu/g, in a single culture (Fig. 2), and 1.1 and 0.92 log cfu/g in the mixture (Fig. 3),
respectively. Washing with SH resulted in higher reduction values of Listeria spp.
population than those caused by the utilization of AEW and NEW, when inoculated in a

single culture but not in a mixed culture.

According to the results obtained, E. coli, S. enterica and Listeria spp. populations were
significantly reduced in fresh-cut pear by UV-C and EW treatments. The UV7.5
appeared to be the most efficient decontamination method, as its application resulted in
the decreasing of the three foodborne populations of pathogens higher than 2.4 log cfu/g
when inoculated in a single or in a mixed culture. Additionally, as can be observed in
Fig. 2 and Fig. 3 the application of higher doses of UV-C than UV7.5 did not always
result in higher microbial load reductions. The UV-C decontaminations were more
effective than the ones performed with SH which resulted in reductions less than 1 log
cfu/g with exception of E. coli and Listeria sp. (when inoculated in a single cultures).
Regarding EW decontaminations, the level of microbial reductions achieved did not
exceed 1.1 log cfu/g. EW decontaminations resulted in lower microbial reductions
compared to those obtained when the UV-C was applied, although they were not
significantly different from the decontaminations performed with SH. Previous studies
conducted by Syamaladevi et al. (2013) to evaluate the effect of UV-C on pear (Fresh
D’Anjou cv) decontamination achieved reduction values of E. coli population of 3.7 log
cfu/g on the surface of intact fruits and 3.1 log cfu/g on wounded fruits using UV-C
illumination at the dose 7.56 kJ/m?. Jemmi et al. (2014) observed that the dose 6.22
kJ/m? was more effective than 8.3 kJ/m? in reducing yeasts and molds and the total
mesophilic on palm dates. The effectiveness of UV-C illumination in the inactivation of

E. coli, L. innocua and S. enterica were also observed on apples (1.0 kJ/m?) (Graca e al.,
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2013) and of E. coli O157:H7 and different serotypes of S. enterica in apricots (Yun et
al., 2013). Yaun et al. (2004) used UV-C light to inactivate the population of E. coli and
S. enterica on lettuce, tomato and apple surfaces and observed that the UV-C was more
effective against these bacteria than SH (20-320 ppm). When comparing UV-C with
EW decontaminations, Kim and Hung (2012) reported that UV-C treatments were more
effective than EW inactivating E. coli O157:H7 in blueberries. In the present study,
decontamination of pears with AEW, NEW and SH were less effective on the bacterial
reduction than was UV-C illumination. This is in agreement with the results presented
by Kim and Hung (2012). Nevertheless, unlike the results of Graca et al. (2011) AEW
was not more efficient than NEW in reducing the level of E. coli, S. enterica, L. innocua
in pear as it was in apple. The reaction of chlorine with the organic components of cut
fruits has been used to explain its low activity due to the lowering of its effective
concentration before damaging microorganisms (Graga et al., 2011). The fact that AEW
and NEW showed equal disinfection efficacy than SH indicates that these techniques
can be used as an alternative to SH, as they are safer and do not present great
health/environmental problems compared to NaClO. Additionally, the effect of the
different decontaminations on pear pieces was not affected by the total population size
since the microbial reductions achieved on the samples inoculated with a combination
of the three groups of microorganisms was similar to that inoculated with only one
group of bacteria. This has been reported in other studies, such as in apples (Gracga et al.,
2011) and different vegetables (Abadias et al., 2008).

The high/low effectiveness of physical or chemical treatments on food decontamination
are highly dependent on food surface properties such as hydrophobicity, electric charge
and roughness, which may influence the adhesion and microbial distribution of food
surfaces (Aradjo et al., 2010). Additionally, hydrophobic/hydrophilic interactions
between surfaces and bacteria are determinant in the process of adhesion/attachment
and posterior inactivation of microbial cells through the various decontamination
methods. These aspects certainly affect the difficulty of removing or inactivating
microorganisms by chemical or physical agents and may explain the different levels of
microbial reduction obtained by UV-C, AEW, NEW and SH in the diverse matrices.
However, although the antimicrobial effect of UV-C illumination is dependent on the

dose applied, food surface characteristics (roughness, hydrophobicity), initial bacterial
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inoculum, bacterial type and the low penetration capacity, it revealed to be more
effective as a decontaminant of fresh-cut pear than the chemical sanitizers used (SH,
AEW and NEW).

3.3. Effect of UV-C illumination and AEW and NEW on the quality parameters of

fresh-cut pear

The effect of the UV-C and electrolyzed water (used in the antimicrobial studies
described earlier) on the quality parameters of fresh-cut pear was studied before and
after the application of the decontamination treatments. For this purpose, color,
titratable acidity (TA), pH, soluble solid content (SSC) and firmness were measured on
samples submitted to the different treatments and compared with the measurements of
untreated samples immediately after cutting (AC) and 4 hours after cutting (CK). The

results are shown in Table 1.

Table 1. 'Rocha’ fresh-cut pear quality parameters (L*, H°, SSC, TA, pH and Firmness) after treating with
UV-C illumination (2.5, 5, 7.5 and 10 kJ/m?) and after washing with acidic electrolyzed water (AEW),
neutral electrolyzed water (NEW), sodium hypochlorite (SH) (100 mg/L of free chlorine), and with
distilled water (DW). Untreated samples were used as control, right after cutting (AC) and 4 h after
cutting (CK). For each value different letters (a, b, ¢, d) indicate signficant differences (p < 0.05) between
treatments according to Duncan multiple range test.

Quality Parameter

Treatment

L* H° SSC TA pH Firmness
AC 96.2 (x0.57)ab  -0.14 (x0.51)a  14.9 (x0.42)b 1.3 (+0.04)c 5.28 (+0.13)d 56.8 (+2.89)a
CK 96.4 (£1.18)ab 093 (+0.54)a 143 (x0.15b  0.94 (+0.04)a 5.15 (+0.18)b,c 65.8 (+4.97)a
UV2.5 96.93 (21.10)ab  1.45(x0.10)a  13.7 (20.75)b 0.98 (20.08)ab 4.5 (+0.13)ab 61.6 (27.62)a
uvs 95.88 (+1.61)a 152 (+0.02)a 13.13(x1.18)b  1.14 (+0.04)abc 506 (x0.13)b,cd  60.87 (£3.74)a
UV7.5 9859 (+1.03)b  1.41(x0.08)a 145 (x1.2)b 1.16 (£0.02)ab,c 4.80 (x0.24)ab,cd 64 (¢5.62)a
uv10 9754 (:0.92)b 146 (£0.03)a  12.37 (20.64)a,b  1.09 (+0.08)abc 4.85(x0.24)ab,c,d 67.17 (£3.74)a
AEW 97.94 (20.94b 042 (x0.99)a  11.9 (20.95)ab  1.34 (20.15)c 465 (20.31)a,b,c  54.93 (28.85)a
NEW 9359 (+1.17)a  0.46 (0.95)a  14.47 (x1.05)b  1.14 (x0.10)ab,c 4.40 (x0.07)a 55.93 (+6.53)a
SH 102.22 (+0.26)c  1.31 (x0.04)a 9.8 (+1.67)a 1.09 (+0.11)ab,c 4.78 (+0.15)abcd 64.4 (+7.96)a
DW 96.96 (+1.22)ab  0.90 (+0.50)a 14.83 (x0.23)b  1.23 (+0.04)b,c  4.62 (+0.03)a,b,c  55.87 (+3.43)a

The decontamination of pears using the different treatments did not induce changes in
the parameter L* (p>0.05) with the exception of pear treated with SH, where an increase
in L* was observed, meaning the color of the fruit surface became lighter after the SH

washing (p<0.05). However, regarding Hue, no statistical differences were detected,
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among the samples (p>0.05). The value of the SSC (°Brix) was not affected by the
decontamination treatments applied to the fresh-cut pears with the exception of the SH
washing that caused a significant decrease in its value (from 14.3£0.15 in the CK to
9.8+1.67 in the SH washed pear) (p<0.05). This result may be explained by the fact that
chlorine reacts with the organic material of the pear, resulting in a decreasing of some
substances such as the sugars.

In regards to TA, a significant decrease of its value from 1.3 g malic acid/L pear juice to
0.94 g malic acid/L pear juice was observed when comparing the measurements
performed in untreated pears immediately after cutting (AC) with the untreated pears
analyzed 4 hours after cutting (CK) (p<0.05). However, there were no statistical
differences among the CK and treated pears acidity values with the exception of AEW
and DW washed pears. In the case of the pH, a decrease in its value was observed when
comparing the measurements performed in untreated pears, immediately after cutting
(AC), with the untreated pears analyzed 4 hours after cutting (CK) (p<0.05) (from
5.28+0.13 to 5.15+0.18). Except for pears washed with NEW, no differences were
found among the pH value of fresh-cut pear treated when compared with the CK.
Additionally, there were no significant differences in firmness among the different
decontaminated treated fresh-cut pear (p>0.05). Several studies reported that UV-C
illumination did not affect the quality parameters of fresh-cut fruits. In a study
conducted by Graca et al. (2013) on fresh-cut apples submitted to UV-C illumination
was observed that color, SSC and acidity were not significantly different after the
treatment. Manzocco et al. (2009a, 2009b) also did not observe significant differences
in color and firmness of fresh-cut melons and fresh cut apples treated with UV-C
illumination, respectively. Regarding electrolyzed water, data obtained by Jia et al.
(2015) with Chinese yam indicate that these chemical decontaminants may have a

protecting effect on the color of the yam.

4. Conclusion

Minimally processed ‘Rocha’ pear (pH 5.28 and titratable acidity 1.3 g malic acid/L)
has shown to be a good substrate for the survival and growth of E. coli, S. enterica and
Listeria spp. The populations of E. coli, S. enterica and Listeria spp. were significantly

reduced in fresh-cut pear after the application of UV-C and EW decontamination
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technologies. The use of UV-C resulted in microbial reductions higher than 2 log cfu/g
while AEW, NEW and SH resulted in reductions of approximately 1 log cfu/g. In
general, the UV-C dose of 7.5 kJ/m? caused the highest microbial reduction. UV-C and
EW seem to be promising decontamination technologies as they allow the reduction of
foodborne bacteria population and the amount of SH without greatly affecting the
quality of fresh-cut pear. However, alone, none of them completely eliminate the
pathogenic bacteria thus alerting the necessity for a strategy that combines different
technologies in order to increase the safety of fresh-cut fruit. The results highlight the
importance of preventing contamination and cross contamination, selecting an adequate
decontamination technology and of maintaining a strict temperature control from

production and processing until consumption of fresh-cut pear.
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Capitulo VI — Consideragdes finais

Consideracoes finais

Tendo em conta o potencial da fruta minimamente processada (FMP) como veiculo de
microrganismos patogénicos, um dos objetivos do presente trabalho foi estudar a
qualidade microbioldgica desta fruta, comercializada em Portugal na regido do Algarve.
Este estudo permitiu concluir que a macéa fresca cortada continha os niveis médios mais
altos das varias populagdes microbianas estudadas [microbiota aerébia mesoéfila
(7,7 log ufc/g) e psicrotrofica (7,6 log ufc/g), bactérias &cido-lacticas (BAL)
(7,4 log ufc/g), bactérias coliformes (6,6 log ufc/g) e fungos filamentosos e leveduras
(6,2 log ufc/g). As amostras de melancia minimamente processada revelaram também
valores elevados de microrganismos mesofilos (6,4 log ufc/g), BAL (5,9 log ufc/g) e
coliformes (5,2 log ufc/g). Em relagdo as contagens de microrganismos psicrotroficos, o
meldo Cantaloupe cortado apresentou as contagens médias (6,2 log ufc/g) mais altas a
seguir a macd e 0s morangos minimamente processados continham os valores médios
mais altos de fungos (5,2 log ufc/g). O abacaxi e 0s morangos apresentaram 0s niveis
médios mais baixos de bactérias coliformes (2,4 e 3,7 log ufc/g, respectivamente) e
observou-se que todas as amostras de morangos estudadas apresentaram contagens deste
grupo de enterobactérias inferiores a 10° ufc/g. Apesar dos valores dos pardmetros de
qualidade microbiolégica referidos anteriormente serem elevados, ndo foram detetados
0s microrganismos patogénicos de origem alimentar pesquisados (E. coli, S. enterica,
L. monocytogenes e C. sakazakii). No caso da macd, também ndo foram identificadas
leveduras patogénicas. Contudo, a presenca de coliformes em quase todas as amostras
de fruta estudadas e de S. aureus em algumas (macd) sugere o potencial deste tipo de
alimentos como veiculo de transmissdo de microrganismos patogénicos e realca a
importancia de melhorar as boas praticas de fabrico e as medidas de controlo e de

higiene em toda a cadeia de producdo de fruta minimamente processada.

Em relacdo ao estudo dos principais grupos de microrganismos presentes quando as
amostras mostravam sinais de degradacdo na fruta apds a data limite de consumo ter
terminado, constatou-se que no caso das amostras de macé, os fungos, em particular as
leveduras, apresentaram contagens significativamente mais elevadas, quando
comparadas com as amostras estudadas durante o seu periodo de vida dtil. As amostras
de abacaxi cortado estudadas ap0s o prazo de validade, continham niveis de
microrganismos aerobios mesofilos, psicrotroficos e fungos significativamente

superiores aquelas estudadas antes desse limite ter sido ultrapassado. Nos restantes
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frutos (manga, papaia, meldo, meldo Galia, meldo Cantaloupe e melancia), para além
dos microrganismos aerobios totais, psicrotréficos e dos fungos, observou-se que as
BAL também se encontravam presentes em niveis significativamente mais elevados,
quando a data limite de consumo da fruta tinha sido ultrapassada. Nas amostras de fruta
em que houve um aumento significativo das contagens de BAL ap0s o prazo de
validade ter expirado, houve também uma diminuicéo significativa dos valores de pH da
fruta (manga, papaia, meldo, meldo Galia, meldo Cantaloupe e melancia). Na maca e no
abacaxi, os valores de pH estudados antes e depois do prazo de validade ter terminado
ndo apresentam diferencas significativas. Em nenhuma das frutas estudadas, as
contagens de bactérias coliformes determinadas durante o periodo de vida Util, antes do
prazo de validade ter terminado, foram significativamente diferentes dos valores
enumerados quando as frutas apresentavam sinais de degradacdo apds aquele limite ter

sido ultrapassado.

Na maca fresca minimamente processada foi identificada uma grande variedade de
leveduras sendo as espécies mais frequentemente isoladas, Candida sake (47,8 %),
Pichia fermentans (25,4 %), Hanseniaspora uvarum (5,5 %) e Candida incommunis
(5,5 %) seguidas das espécies Meyerozyma guilliermondii (2,5 %) e Metschnikowia
pulcherrima (2,5 %). Foram também recolhidos vérios isolados do género
Cryptococcus, Saturnispora e da espécie psicrotrofica  Cystofilobasidium
infirmominiatum, os quais foram isoladas em frequéncias que variaram entre 1,7 e
1,3 %.

Apesar dos niveis dos parametros microbioldgicos quantificados terem sido altos, a
fruta minimamente processada analisada cumpriu os critérios microbiolégicos de
higiene e seguranca alimentar de acordo com os regulamentos da Comissdo Europeia
(Regulamento (CE) N° 2073/2005, Regulamento (CE) N° 1441/2007).

O crescimento de microrganismos patogénicos nos alimentos durante o processamento,
distribuicdo e/ou armazenamento parece ser determinante para ocorréncia da maioria
dos surtos de doencas causadas pela ingestdo de alimentos (Codex Alimentarius
Commission, 1999) e varios estudos tém demonstrado a capacidade de bactérias
patogénicas para sobreviver efou crescer em frutas minimamente processadas
armazenadas a diferentes temperaturas (Abadias et al, 2012;. Alegre et al, 2010a,
2010b; Dingman, 2000;. Lourengo et al, 2012). Além disso, os diferentes alimentos,

incluindo os frutos, diferem na capacidade de suportar 0 crescimento de
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microrganismos. Por estas razdes, estabeleceu-se como objetivo deste trabalho estudar a
sobrevivéncia e o crescimento de bactérias patogénicas (E. coli, S. enterica e Listeria
spp.) em pera 'Rocha’ minimamente processada, a diferentes temperaturas. Os resultados
permitiram concluir que estes microrganismos tém capacidade de sobreviver e/ou
crescer na fruta cortada dependendo da temperatura e da extensdo do periodo de
armazenamento. As temperaturas de 20 e 12 °C observou-se um crescimento
exponencial das trés bactérias nas primeiras 24 horas, tendo-se seguido uma fase
estacionaria durante o periodo em que decorreu o ensaio (8 dias). No final obtiveram-se
populacdes das 3 bactérias que variaram entre 8,060,070 e 8,56+0,023 log ufc/g de
pera minimamente processada. Nas amostras armazenadas a 8 °C, E. coli e S. enterica
cresceram exponencialmente durante aproximadamente 3 dias, aumentando a sua
populacdo em mais de um ciclo logaritmico, entrando depois na fase estacionaria. A 4
°C observou-se um ligeiro declinio de E. coli, durante os 8 dias que correspondeu a uma
taxa de morte de 0,35+0,130 dia. S. enterica manteve-se em fase de adaptacio até ao

oitavo dia.

No que diz respeito a Listeria sp., calcularam-se fases de adaptacédo inferiores a 24 h,
0,58+0,279 e 0,62+0,462 dia, seguidas de crescimento exponencial com taxas
especificas de crescimento de 0,89+0,113 e 0,38+0,057 dia, nas amostras armazenadas

a 8 e 4 °C, respetivamente.

Os resultados apresentados permitem concluir que pera 'Rocha’ fresca minimamente
processada € um bom substrato para os trés agentes patogénicos sobreviverem e se
multiplicarem as temperaturas de incubagdo estudadas, incluindo as temperaturas de
refrigeracdo. A 4 ° C, Listeria spp. foi capaz de crescer apo6s uma fase de adaptacédo de
cerca de 15 horas e E. coli e S. enterica ap6s cerca de 8 dias. Estes resultados estdo
certamente relacionados com os fatores intrinsecos da pera utilizada nos estudos que
possuia valores de pH de 5,28 (superiores aos de outras frutas) e acidez titulavel de
1,3 g de &cido malico/L (inferiores aos de outras espécies) (péssegos, pH 4,1 e acidez
titulavel 8,9 g de &cido malico/L; macds, pH 2.16 e acidez titulavel 8,2 acido

malico g/L).

A temperatura de armazenamento € um dos principais fatores extrinsecos que
determinam o crescimento microbiano nas matrizes alimentares. L. monocytogenes é um
microrganismo psicrotréfico e a temperaturas de refrigeracdo induz um mecanismo de

adaptacdo (resposta de choque ao frio) que lhe permite ajustar-se rapidamente e
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multiplicar-se, atingindo populacGes microbianas suficientes para causar doenca,
mesmo durante o periodo de vida Gtil dos alimentos prontos a ingerir, tais como a pera

minimamente processada.

Por outro lado, a exposicdo a condicOes ligeiramente &cidas pode induzir mecanismos
de tolerancia, tais como a resposta de tolerancia ao acido, descrita em S. enterica e
E. coli (Foster, 2001) e L. monocytogenes (Melo et al., 2015). Estes mecanismos, entre
outros, permitem as bactérias sobreviver em produtos alimentares com um pH inferior
ao seu pH otimo, tais como frutos, e protegé-los, posteriormente, de condicGes de
abaixamento de pH e/ou acidez mais graves. Mecanismos de adapta¢do como estes irdo
permitir a sobrevivéncia e o crescimento de microrganismos de origem alimentar, tendo
implicagbes gravosas na seguranga dos alimentos, tais como alimentos &cidos

armazenados a baixas temperaturas.

Os resultados obtidos alertam para o risco de ocorréncia de multiplicacdo de bactérias
patogénicas em pera fresca minimamente processada a temperaturas de 4 °C, durante o
periodo de vida util do alimento. Na presenca de contaminagdes, em condicdes de
armazenamento favordveis a sobrevivéncia e desenvolvimento de mecanismos de
adaptacdo e crescimento, podem atingir-se niveis populacionais ndo conformes com os
critérios microbiolégicos da Unido Europeia (Salmonella sp. — tolerancia zero;
L. monocytogenes — 100 ufc/g em alimentos prontos a comer) passiveis de causarem

doenga em humanos.

Estes resultados alertam para a necessidade de implementacdo de métodos de
desinfecdo/descontaminacéo eficazes. Desta forma, outro objetivo do presente trabalho
foi avaliar a capacidade de desinfecdo de um método fisico, a iluminacdo ultravioleta-C
(UV-C), em pera 'Rocha’ e em maca 'Golden' e de um método quimico, a agua
electrolisada (AE) (acida e neutra), em pera ‘Rocha’. Em ambos os casos, a pera e a
maca minimamente processadas foram previamente inoculadas com suspensdes de
E. coli, S. enterica e Listeria spp. Os resultados obtidos foram sempre comparados com
a desinfecdo realizada com solugdes de hipoclorito de sédio, metodo utilizado

normalmente na indudstria de producgéo de alimentos minimamente processados.

No que diz respeito a pera minimamente processada, os resultados obtidos permitiram
afirmar que as populagbes de E. coli, S. enterica e Listeria spp. foram reduzidas

significativamente ap0s a aplicacdo de tratamentos de desinfecdo utilizando a
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iluminagdo UV-C e a AE. A dose UV7.5 kJ/m? revelou-se uma estratégia de
descontaminacdo UV-C mais eficiente, tendo a sua aplicacéo resultado em reducdes dos
trés agentes patogénicos de origem alimentar superiores a 2,4 log ufc/g, quando
inoculados em cultura pura ou cultura mista (constituida por uma suspensao das trés
bactérias). As desinfecdes levadas a cabo recorrendo a UV-C foram mais eficazes do
que os realizados com a solucdo de hipoclorito de sodio (100 ppm) que resultaram em
reducdes inferiores a 1 log ufc/g, com excecdo de E. coli e Listeria sp. (quando
inoculados em culturas de uma Unica). Em relacdo as desinfecGes levadas a cabo com a
AE, o nivel de redugdes microbianas alcancado ndo ultrapassou 1,1 log ufc/g. As
desinfecbes com AE resultaram em reducbes que ndo foram significativamente
diferentes das obtidas com solugdes de hipoclorito de sddio. Pode concluir-se que as
desinfecbes realizadas utilizando os métodos quimicos resultaram em reducdes
microbianas mais baixos do que as obtidas quando a iluminacdo UV-C foi aplicada

como método de desinfecao.

A eficécia da iluminacdo UV-C na inativagdo de E. coli, S. enterica e L. innocua foi
também estudada in vitro, em amostras de macd minimamente processada. Neste estudo
a dose de 1,0 kd/m?inibiu totalmente o crescimento de E. coli e de S. enterica e permitiu
obter uma reducdo da populagcdo de L. innocua acima de 7,5 log ufc/g. A dose de
1,0 kJ/m? apresentou-se como uma alternativa a lavagem de macd minimamente
processada com soluc@es de hipoclorito de sddio (100 ppm de cloro livre) uma vez que

permitiu obter contagens dos microrganismos mais baixas em todos os casos estudados.

Nas amostras inoculadas com uma cultura isolada de cada um dos microrganismos e
iluminadas com esta dose de UV-C (1,0 kJ/m?), foram observadas reducdes entre 1,6 e
1,1 log ufc/g apés o tratamento e entre 1,7 e 0,5 log ufc/g apds 15 dias de
armazenamento a 4 °C. Em relacdo as amostras inoculadas com uma mistura dos trés
microrganismos, foram observadas reduc@es entre 2,0 e 4,1 log ufc/g no inicio do
periodo de armazenamento (tempo 0) e de cerca de 1,6 log ufc/g ap6s 15 dias de
armazenamento a 4 °C. As lavagens com a solucdo de hipoclorito de sodio a (100 ppm)
ndo mostraram diferencas significativas dos tratamentos com a iluminagdo UV-C na

dose 0,5 kJ/m? na reducio dos microrganismos.

A iluminacdo UV-C e a AE apresentaram-se como métodos de desinfecdo promissores
para a desinfecdo de fruta minimamente processada, pois permitiram reducbes da

populacdo de bactérias patogénicas de origem alimentar iguais ou superiores as
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reducdes obtidas aquando da aplicacdo de solucfes de hipoclorito de sédio (100 ppm),
sem afetar significativamente os pardmetros de qualidade (cor, pH, acidez titulavel e
°Brix) das macds e peras minimamente processadas. No entanto, a iluminacdo UV-C,
permitiu, na maioria dos casos, obter reducOes das populagbes de microrganismos
superiores as obtidas com a lavagem a agua electrolisada e com a solugéo de hipoclorito
de sodio sem afetar a qualidade da fruta. Nenhum dos métodos utilizados conseguiu
eliminar completamente as bactérias patogénicas alertando, assim, para a necessidade de
uma estratégia que combine diferentes tecnologias, de forma a aumentar a seguranca

microbiologica da fruta cortada.

Os resultados obtidos destacam a importancia de prevenir as contaminacdes
microbianas, de selecionar tecnologia(s) de descontaminacéo adequadas e eficientes e
de manter um rigoroso controlo de temperatura durante a producdo, processamento,

distribuicdo e  comercializacdo de  fruta  minimamente processada.
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Perspetivas futuras

A iluminacdo UV-C e a agua electrolisada (acida e neutra), enquanto métodos de
desinfecdo de fruta minimamente processada mostraram-se eficazes na redugdo das
populacdes das bactérias E. coli, S. enterica e Listeria sp.. Contudo, os trabalhos
realizados poderiam ser complementados com outros estudos tais como:

e Testar a eficacia da iluminacdo UV-C e da lavagem com agua electrolisada acida
e neutra no controlo dos microrganismos responsaveis pela degradacao,
nomeadamente microrganismos aerdbios mesdéfilos, microrganismos aerdbios
psicrotroficos, bactérias acido-lacticas e leveduras;

e Realizar ensaios de avaliagdo das caracteristicas sensoriais da fruta, recorrendo a
um painel de provadores, apOs aplicacdo dos tratamentos de desinfecdo
utilizando UV-C e &gua electrolisada, nomeadamente nas condi¢cdes que se
revelaram mais eficazes no decorrer do presente trabalho;

e Testar a aplicacdo combinada dos dois métodos (UV-C e agua electrolisada) de
modo a obter uma maior eficacia de desinfecdo/descontaminacao;

e Proceder a aplicacdo das condi¢bes de desinfecdo que se revelaram mais
eficazes a um nivel semi-industrial e industrial (fazer o scale-up dos métodos de
desinfecéo estudados);

e Testar a iluminacdo UV-C e a agua electrolisada noutras frutas minimamente

processadas (manga, meldo, entre outras);

Para além da iluminacdo UV-C e da &gua electrolisada pretende-se estudar a aplicacdo
de outras técnicas de desinfecdo em fruta minimamente processada, que tém revelado
resultados  promissores, tais como a luz pulsada e o ozono.
Uma outra area de trabalho interessante é o estudo do efeito de algumas bactérias acido-
lacticas, isoladas no decurso do presente trabalho (resultados ndo apresentados),
enguanto agentes de biocontrolo do crescimento de bactérias patogénicas em fruta
minimamente processada. Na sequéncia deste estudo, podere-se-ia-a avaliar a

possibilidade de desenvolver fruta minimamente processada probiotica.

120



Capitulo VI — Referéncias

Referéncias

Abadias, M., Usall, J., Anguera, M., Solsona, C., Vifas, I., 2008b. Microbiological quality of
fresh, minimally-processed fruit and vegetables, and sprouts from retail establishments.
International Journal of Food Microbiology 123, 121-129.

Alegre, 1., Abadias, M., Anguera, M., Oliveira, M., Vifias, I., 2010a. Factors affecting growth of
foodborne pathogens on minimally processed apples. Food Microbiology 27, 70-76.

Alegre, 1., Abadias, M., Anguera, M., Usall, J., Vifias, I., 2010b. Fate of Escherichia coli
0157:H7, Salmonella and Listeria innocua on minimally-processed peaches under different
storage conditions. Food Microbiology 27, 862-868.

Codex Alimentarius Commission, 1999. Principles and guidelines for the conduct of
microbiological risk assessment. Edition F. Rome.

Dingman, D.W., 2000. Growth of Escherichia coli O157:H7 in bruised apple (Malus domestica)
tissue as influenced by cultivar, date of harvest, and source. Applied and Environmental
Microbiology 66, 1077-1083.

Foster, J.W., 2001. Acid stress responses of Salmonella and E. coli: survival mechanisms,
regulation, and implications for pathogenesis. The Journal of Microbiology 39, 89-94.

Lourenco, A., Graga, A., Salazar, M., Quintas, C., Nunes, C., 2012. Evaluacién de la capacidad
de sobrevivencia y crecimiento de patégenos de transmisién alimentaria en naranja
minimamente procesada. Recasens, l., Graell, J., Echeverria, G. (Eds), Avances en
Poscosecha. Ediciones de la Universitat de Lleida, Lleida, 259-263.

Melo, J., Andrew, P.W., Faleiro, L., 2015. Listeria monocytogenes in cheese and the dairy
environment remains a food safety challenge: The role of stress responses. Food Research
International 67, 75-90.

Regulamento CE, 15/11/2005. Regulamento 2073/2005. European Union Office Journal
Legislation. 338, 1-26.

Regulamento CE, 5/12/2007. Regulamento 1441/2007. European Union Office Journal
Legislation. 322, 1-12.

121



