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RESUMO

A produgdo e o processamento de maga sdo atividades muito importantes para o estado
de Santa Catarina, que detém mais de 50% da producao nacional. O suco de mag¢ad é um
dos sucos mais consumidos no mundo e, por apresentar um sabor doce e neutro, também
¢ utilizado como base de mistura para outros sucos de frutas e refrigerantes. Aspergillus
fischeri, and Paecilomyces fulvus sdo espécies fungos filamentosos que produzem
esporos termorreristentes (ascosporos). O processamento térmico, normalmente utilizado
pela induUstria para inativar esses microrganismos € aumentar a seguranga e vida Util dos
produtos, pode acarretar alteragdes sensoriais indesejaveis, além de reducdes de vitaminas
e de compostos antioxidantes. Deste modo, novas tecnologias nao térmicas vém sendo
estudadas para o processamento de alimentos, como a aplicacao de luz ultravioleta (UV-
C). O objetivo do trabalho foi avaliar o efeito do tratamento ndo térmico por luz
ultravioleta (UV-C) e do tratamento combinando UV-C e térmico para a inativagdo de
fungos filamentosos termorresistentes em suco de magad. O efeito da concentracdo de
solidos soluveis (12, 25, 30, 40, 50, 60 e 70 °Brix), utilizando luz UV-C na inativag¢do de
ascosporos de A. fischeri em suco de maca clarificado foi analisado e o comportamento
dos dados foi descrito pelo modelo primario de Weibull. O modelo secundario da Raiz
Quadrada foi usado para descrever como os parametros cinéticos de inativacao variaram
com as mudangas na concentragao de solidos soluveis. Os resultados mostraram que a luz
UV-C foi efetiva para a inativagdo de ascosporos de A. fischeri em suco de macga
clarificado e que, no minimo, 4 redugdes logaritmicas foram alcancadas em até 30
minutos, mesmo nas maiores concentragoes de solidos soluveis estudadas. A influéncia
da irradiancia aplicada a inativagao de ascosporos de A. fischeri e P. niveus foi estudada
utilizando-se 4 irradiancias de luz UV-C (6,5, 13, 21 e 36 W/m?). Os modelos de Weibull
e Bifasico de primeira ordem foram ajustados aos dados experimentais. A luz UV-C foi
eficaz na inativagdo dos ascosporos, alcancando 5,7 e 4,2 reducdes logaritmicas para 4.
fischeri e P. niveus, respectivamente, em até¢ 10 min de exposicdo, na intensidade de 36
W/m?. A inativagdo dos microrganismos testados mostrou ser dependente apenas da
fluéncia UV- C (J/m?), independentemente da irradidncia ou tempo de exposicdo no
intervalo analisado. Assim, os parametros dos modelos primarios foram expressos apenas
em funcdo da fluéncia e utilizados como um modelo dindmico. O modelo proposto foi
validado em duas condi¢des de irradidncias varidveis. Comparado ao modelo de Weibull,

o modelo Bifasico pode descrever e predizer melhor a inativagcdo de ascosporos de 4.



fischeri e P. niveus pela luz UV-C. O impacto da luz UV-C na inativacdo dos ascosporos
também foi avaliado no suco de maca nao clarificado, ¢ os resultados obtidos foram
comparados com o suco clarificado. Foram testadas duas cepas diferentes para cada
espécie de fungo, sendo que ndo houve alteracdes significativas nas caracteristicas fisico-
quimicas do suco (cor, pH e teor de s6lidos soluveis), apds o uso da luz UV-C. A cinética
de inativacdo foi bem descrita pelos modelos de Weibull e Bifasico. A4. fischeri foi mais
sensivel a luz UV-C que os outros fungos. Apesar do numero limitado de cepas
utilizadas, foram observadas diferengas entre as cepas, principalmente em relacdo ao
tempo para a primeira reducdo decimal (J). A eficacia da inativagdo por UV-C foi
altamente influenciada pelas suspensdes de sélidos insoluveis, com diminuicdo da
inativacao quando comparado ao suco de maga clarificado. A utilizacdo de luz UV-C e
tratamento térmico tradicional combinados foram estudados para a inativacdo de
ascosporos de 4. fischeri e P. fulvus em suco de maga clarificado. A aplica¢dao de luz
UV-C antes do tratamento térmico aumentou a velocidade de inativacdo dos
microrganismos, quando comparado ao tratamento térmico isoladamente. Nenhum efeito
adicional foi observado quando o tratamento térmico foi aplicado antes da luz UV- C,
comparado ao tratamento com UV- C isoladamente. Os resultados encontrados neste
trabalho podem contribuir para a utilizagdo da luz UV-C na industria de alimentos,
fornecendo parametros para a redugdo das temperaturas de pasteurizacdo e de
esterilizacao aplicadas pela industria, por meio da aplicacio da UV-C associada ao
tratamento térmico ou de maneira isolada, visando a inocuidade e qualidade

microbiologica, sensorial e nutricional do produto.

Palavras-chaves: métodos nao térmicos, processamento ultravioleta-C, microbiologia
preditiva, Aspergillus fischeri, Paecilomyces spp., modelagem de inativacao.



ABSTRACT

Apple production and processing are very important activities for Santa Catarina, which
holds more than 50% of the national production. Apple juice is one of the most consumed
juices in the world, and because it has a sweet and neutral flavor, the juice is also used as
a mixing base for other fruit juices and soft drinks. Aspergillus fischeri , Paecilomyces
niveus and Paecilomyces niveus are heat-resistant moulds (HRMs). They produce
extremely heat-resistant ascospores capable to survive to the pasteurization process and
causing economic losses and food spoilage. These microorganisms are a major concern
for the industry of pasteurized fruit products, such as fruit juices, jellies and purees.
Thermal conditions required to inactivate the ascospores of heat-resistant fungi in the
products would decrease the sensory quality as well as reduce their nutrient content. Thus,
non-thermal methods have been investigated due to reduced treatment temperatures and
processing times, such as ultraviolet light. The aim of this study were to evaluate the
effect of the non-thermal treatment by UV-C and their combination with heat treatment
on the inactivation of heat-resistant moulds in apple juice. The effect of soluble solids
concentration (12, 25, 30, 40, 50, 60 and 70 °Brix), using UV-C light intensity (38 W/m?)
on the inactivation of 4. fischeri ascospores in clarified apple juice was analyzed. Weibull
model was fitted to experimental data. After obtaining the primary parameters of the scale
factor (o) and the form factor (p), the Square Root secondary model was used to describe
the influence of soluble solids concentration. Results showed that the UV-C light had
influence on A. fischeri ascospores inactivation in apple juice even at the highest soluble
solids concentrations used, reaching in up to 30 minutes approximately 4 log reductions
at all concentrations used. The influence of UV-C light treatments with different
irradiances (6.5, 13,21, and 36 W/m?) on A. fischeri and P. niveus ascospores inactivation
in clarified apple juice was also studied. The Weibul and first-order Biphasic models were
fitted to experimental data. At the highest irradiance level tested (36 W/m?), the UV-C
light allowed the reduction of 5.7 and 4.2 log-cycles of A. fischeri and P. niveus
ascospores, respectively, in approximately 10 min. The results showed that, to a defined
UV-C fluence (J/m?), a change in the level of either time or UV-C irradiance did not affect
the effectiveness of UV-C light for A. fischeri and P. niveus inactivation. Thus, the
parameters of the primary models were expressed only as a function of fluency and used
as a dynamic model. The proposed model was validated in 2 conditions of variable

irradiance. Compared to the Weibull model, the first-order Biphasic model can better



describe and predict the inactivation of A. fischeri and P. niveus by UV-C light. The
impact of UV-C light on the inactivation of ascospores was also evaluated in cloudy apple
juice, and the results obtained were compared with clarified juice. Two different strains
were tested for each fungus species, and there were no significant changes in the physical-
chemical characteristics of the juice (color, pH and soluble solids concentration), after the
use of UV-C light. The kinetics of molds ascospores inactivation by UV-C were well
described by Weibull and first-order Biphasic models. A. fischeri was more sensitive to
UV-C light than other fungi. Despite the limited number of strains used, differences were
observed between the strains, mainly in relation to the time for the first decimal reduction
(0). The eftectiveness of UV-C inactivation was highly influenced by suspensions of
insoluble solids, with decreased inactivation when compared to clarified apple juice. The
use of combined UV-C light and traditional thermal treatments was evaluated for the
inactivation of A. fischeri and P. fulvus ascospores in clarified apple juice. The application
of UV-C light before heat treatment increased the inactivation rate of moulds, when
compared to heat treatment alone. No effect was observed when thermal treatment was
applied before UV-C light, compared to treatment with single UV-C. The results found
in this work can contribute to the application of UV-C light in the food industry, providing
parameters for the reduction of pasteurization and sterilization temperatures applied,
through the application of UV-C associated with heat or isolated, aiming at the safety and

microbiological, sensorial and nutritional quality of the product.

Keywords: non-thermal methods, UV-C processing, predictive microbiology;

Aspergillus fischeri; Paecilomyces spp., inactivation modelling.
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o é fator de escala (kJ/m? ou min)
p - fator de forma da curva do modelo (admensional)
SS - concentragdo de solidos solaveis
R’ - coeficiente de determinaco
RMSE - Raiz do erro quadratico médio
a, b, c, e, g h, i-parametros empiricos das equacdes
Vpred, i - dados preditos pelo modelo
Vobs, i - Observagdes experimentais

y - média das observagdes



n - numero de dados experimentais

p - numero de parametros do modelo.

d - fluéncia UV-C (kJ/m?)
f - fragdo da populacdo sensivel(sem dimensao)

ki - taxa de inativagido da populagio sensivel (m?/kJ ou min™)
k> - taxa de inativagdo da populagio resistente (m*/kJ ou min')
%Dy - percentual de discrepancia

%B; — percentual de tendéncia
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CAPITULO 1- INTRODUCAO

A maga ¢ um produto de grande importancia econdmica para o estado de Santa
Catarina, que ¢ o maior produtor de macas do Brasil, com aproximadamente 54% das
plantagdes de macieiras do pais. Parte da producdo que ndo apresenta caracteristicas para
0 consumo in natura, como tamanho, aparéncia ¢ qualidade inferior sdo destinadas a
producao de derivados, como o suco de maga.

Uma das grandes preocupagdes da industria de sucos sdo os fungos
termorresistentes, que sao geralmente associados a deterioragdo de sucos de frutas
pasteurizados, como suco de maga e outros produtos de frutas. Esses fungos produzem
ascosporos extremamente resistentes ao calor, que podem sobreviver aos processos
térmicos usuais aplicados aos sucos de frutas (UGWUANY]I; OBETA, 1999; SALOMAO
et al., 2007), levando a deteriora¢ao dos produtos e possivel produgao de micotoxinas. Os
géneros de fungos termorresistentes mais comumente encontrados em produtos de frutas
sdo Aspergillus, Paecilomyces, Talaromyces e Eupenicillium (SANT’ANA et al., 2009).

O tratamento térmico € o tipo de pasteurizagdo mais usada para prolongar a vida
util dos sucos de frutas e garantir a sua seguranga microbiologica (SANT’ANA et al.,
2009). No entanto, foi reconhecido que o processo térmico pode ativar os ascOsporos
dormentes dos fungos que sdo capazes de crescer em condigdes microaerofilas, causando
deterioragcdo e producao de micotoxinas, resultando assim em problemas de inocuidade
do produto e perdas econdmicas (SALOMAO et al., 2007). O aumento da intensidade
(temperatura ou tempo de processamento) do tratamento térmico nao ¢ desejavel, devido
a perdas na qualidade e, as demandas do consumidor por produtos mais préximos ao
natural. A conservacao de alimentos por métodos nao térmicos, como processamento de
alta pressao (HPP), luz ultravioleta, campo elétrico pulsado, ultrassom e luz pulsada, tem
sido investigada devido a reducdo das temperaturas de tratamento e tempos de
processamento (PASCUAL et al., 2007; KEYSER et al., 2008; GARCIA-GONZALES
et al., 2009; EVELYN et al., 2016; TREMARIN et. al., 2017).

Diversos trabalhos tém sido publicados na literatura nos ultimos anos relacionados
a aplicacdo de métodos ndo térmicos para a inativagdo de microrganismos (Sal/monella
spp., Escherichia coli spp., Saccharomyces cerevisiae, Alicyclobacillus acidoterrestris)
em alimentos (MONYETHABENG; KRUGEL, 2016, FERRARIO; GUERRERO, 2017;
TREMARIN et al., 2017, ESTILO; GABRIEL, 2018). Porém, ndo foram encontrados na

literatura consultada trabalhos avaliando a influéncia da luz UV-C, na inativacdo dos
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ascoporos de fungos filamentosos temorresistentes, como Paecilomyces niveus
(Byssochlamys nivea), Paecilomyces fulvus (Byssochlamys fulva) e Aspergillus fischeri

(Neosartorya fischeri) em suco de maca.

1.1 Objetivo geral

O objetivo geral foi avaliar a inativacdo de fungos filamentosos termorresistentes
por luz UV-C, de forma isolada ou em tratamentos combinados com o tratamento térmico,

em suco de maca clarificado e nao clarificado.

1.2 Objetivos especificos

- Quantificar e modelar a influéncia da concentragdo de solidos solaveis (12, 25,
30, 40, 50, 60 e 70 °Brix) na resisténcia dos ascosporos de A4. fischeri ao tratamento por
luz UV- C, em suco de maga clarificado;

- Quantificar a cinética de inativacdo dos ascosporos de A. fischeri e P. niveus
tratados por luz UV-C sob condic¢des de irradiancias constantes e varidveis, em suco de
maga clarificado;

- Obter os parametros de inativacdo microbiana de diferentes espécies de fungos
filamentosos termorresistentes através da comparagao e selecao de modelos matematicos;

-Validar o modelo dindmico através da comparacao dos dados preditos com os
dados experimentais de inativagdo por UV-C dos ascosporos termorresistentes estudados;

- Quantificar a cinética de inativacdo dos ascdsporos de A. fischeri, P. niveus e P.
fulvus tratados por luz UV-C em suco de maga nao clarificado;

- Estudar a aplicacdo de tratamentos combinados, térmico e luz ultravioleta
(UV- C), na inativagdo de ascOsporos temorresistentes em suco de maga clarificado;

- Comparar os modelos matematicos de inativagdo disponiveis para descrever o
efeito dos diferentes tratamentos sobre os ascosporos;

-Avaliar os parametros fisico-quimicos (ph, cor, solidos soluveis) do suco de maca

ndo clarificado submetido ao tratamento por UV-C.
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CAPITULO 2 - REVISAO BIBLIOGRAFICA

2.1 Suco de maca

A demanda dos consumidores por produtos frescos, prontos para beber e sucos de
frutas mais saudaveis tem aumentado nas ultimas décadas (GARCIA CARRILLO et al.,
2017). Magas e produtos a base de maga sao excelentes fontes de fitoquimicos, incluindo
polifendis com elevada agdo antioxidante (ISLAM et al., 2016).

A macga ¢ uma das frutas mais consumidas no Brasil € no mundo. A produgdo
nacional de macas se concentra na regido sul do pais. Na safra de 2018/2019 a produgao
de macas foi de 1,2 milhdo de toneladas. Santa Catarina € o principal estado produtor de
maca do Brasil, respondendo por 54% da érea total, seguido pelo estado do Rio Grande
do Sul com 41% da area plantada nacional. Fraiburgo e Sdo Joaquim sdo as principais
cidades produtoras do estado de Santa Catarina (HORTIFRUTI BRASIL, 2020).

Em torno de 15 a 30% da producdo nacional de magds nao atende aos padrdes
exigidos para comercializagdo in natura da fruta, sendo estas destinadas ao
processamento, principalmente na forma de suco de maca. O principal produto da maga
¢ o suco concentrado e, no Brasil, o produto “pronto para consumo” ¢ destinado ao
mercado interno, ja o suco de mag¢d concentrado (produzido em maior quantidade) ¢
exportado (>90%) para o exigente mercado internacional (NOGUEIRA et al., 2007). De
acordo com a SNA (Sociedade Nacional de Agricultura), a demanda por suco de mag¢a no
mercado interno vem crescendo desde 2013, com o aumento da porcentagem obrigatoria
de suco de frutas adicionadas as bebidas ndo alcodlicas comercializadas no pais, € um
aumento do consumo por parte dos consumidores (SNA, 2016). O suco de mag¢a tem um
sabor relativamente neutro ¢ bom poder adogante, sendo usado como substituto natural
de adogantes em bebidas como refrigerantes e sucos mistos, iogurtes, geleias e pures.

De acordo com a legislagdo vigente, o suco de maca ¢ definido como uma bebida
ndo-fermentada e ndo diluida, obtida da parte comestivel da maca (Pyrus malus, L.),
através de processo tecnologico adequado (BRASIL, 2000). O suco de mag¢a deve
obedecer a alguns padrdes especificos, como: cor branca e translicida; sabor e aroma
proprio; teor minimo de sélidos soltiveis (20 °C) de 10,5 °Brix; acidez total expressa em
acido malico minima de 0,15 g/100 g; aglcares totais naturais da mac¢d maximo de
13,5 g/100 g, e acidez volatil em 4cido acético maxima de 0,04 g/100 g (BRASIL, 2000).

Suco de maga pasteurizado pronto para o consumo pode ser obtido a partir da fruta

processada ou por reconstitui¢do do concentrado suco até o teor de sélidos soluveis
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desejado. O processo de produgdo do suco de maca é composto por varias etapas: selegao,
lavagem, extracdo, clarificagdo, pasteurizagdo, embalagem e para a producdo de suco
concentrado apos a etapa de pasteurizagdo ocorre a concentracao do suco seguida pela
embalagem (RAJAURIA; TIWARI, 2018). Um resumo do fluxograma geral do processo
de fabricacdo de suco de maca concentrado clarificado (70 °Brix) ¢ descrito na Figura
2.1.

Figura 2.1 - Diagrama de produg¢do do suco de maga concentrado.

[ Recepgao das magas ]

v

Lavagem dos frutos

'

Triagem dos frutos

:

Moagem

v

[ Prensagem/Extragdo do suco

-
.

—

A

11 a 13 °Brix

-

[ Pré-concentragdo

v

[ Tratamento enzimatico/Filtragdo ]

v

1? pasteurizagéo ]—» 110°C/ 10s
Ultrafiltragdo ]
]—» 115°C/20s

:

Concentragao

'

Embalagem

[ 2% pasteurizagdo

—

'

[ Armazenamento/Expedi¢do ]

Fonte: Adaptado de Salomao et al. (2014).
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Ap0ds a colheita e armazenamento, as frutas sdo descarregadas em tanques de dgua
e transportadas para unidades de lavagem. A etapa de lavagem pode ser feita com sprays
de agua pressurizada e em alguns casos escovas para a remog¢ao sujidades e partes podres.
A etapa de triagem remove frutas podres ou danificadas ou as partes afetadas da fruta.
Antes da prensagem as mag¢ds sdo moidas para reduzir o tamanho da matéria-prima,
formando um puré. Na prensagem o puré formado ¢ prensado, pelo uso de prensas
verticais, horizontais ou de correia, para obtengdo da maxima quantidade de soélidos
solaveis. Apos a extragdo o suco € pré-concentrado a teores de solidos solaveis entre 11
e 13 °Brix (RAJAURIA; TIWARI, 2018).

A clarificacao inclui um tratamento e acabamento de despectinizagdo enzimatica,
com a remog¢ao de compostos (substancias pécticas, proteinas e compostos fenolicos) que
prejudicam o aspecto visual do produto final. A clarificagdo ¢ finalizada pela filtragao,
com o uso de agentes filtrantes, como terra diatoméceas, micro ou ultra filtragao
(RAJAURIA; TIWARI, 2018). Em algumas plantas industriais o suco clarificado pode
ser destinado a pasteurizacdo seguida de concentracdo, enquanto em outras, apos a
clarificacdo o suco pode ser destinado diretamente a formulacdo de suco ou néctar,
seguido por pasteurizagdo e enchimento. Quando um suco ¢ concentrado e armazenado
para uso entre as safras, sera submetido a pasteurizagao duas vezes, a primeira aplicada
ao suco antes da concentragdo e a segunda apds a reconstituicdo (chamada de primeira e

segunda pasteurizagdoes)(SANT’ANA et al., 2008).

2.2 Microbiota contaminante do suco de maca

Microrganismos, como bactérias acido-tolerantes e fungos (bolores e leveduras),
podem usar frutas ou sucos de frutas como substrato e causar deterioracao, producao de
micotoxinas e doencas transmitidas por alimentos (TOURNAS et al., 2006; KEYSER et
al., 2008; SNYDER; WOROBO, 2018).

A contaminagdo microbiana nos sucos de frutas pode ser proveniente dos
microrganismos encontrados nas frutas, no solo, durante a colheita, transporte,
armazenamento e processamento (TOURNAS et al., 2006). Sucos de frutas nao
pasteurizados estdo associados a ocorréncia de doengas transmitidas por alimentos
envolvendo patéogenos como Escherichia coli O157:H7 e Salmonella enterica
(DANYLUK et al., 2012; ESTILO; GABRIEL, 2018; GABRIEL et al., 2018). A presenca

de Salmonella é geralmente associada aos sucos citricos, enquanto E. coli O157:H7 e
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Cryptosporidium parvum estao relacionados ao suco de magd (DANYLUK et al., 2012).
Devido ao aumento no registro de surtos ligados a suco de frutas ndo pasteurizados, o
FDA (Food and Drug Administration) estabeleceu regulamentos para o processamento
de sucos, através da adocao de APPCC (Analise de Perigos e Pontos Criticos de Controle)
e a exigéncia da aplicagdo de um tratamento que resulte em, pelo menos, uma redugdo de
5 ciclos logaritmicos do microrganismo mais resistente de importancia para a saude
publica, que possa estar presente no suco (DANYLUK et al., 2012; FDA, 2001). No
Brasil, a Instrugao normativa N° 60 de 23 de dezembro de 2019, que estabelece os padrdes
microbiologicos para alimentos no pais, determina a auséncia de Salmonella/25 mL,
Enterobacteriaceae e Bolores e leveduras em limites inferiores a 10> UFC/mL para sucos
submetidos a processos tecnoldgicos para redugcdo microbiana, que necessita de
refrigeracdo e Bolores e leveduras em limites inferiores a 10> UFC/mL para refrescos,
sucos, néctares e outras bebidas ndo carbonatadas, adicionadas de conservadores, ndo
refrigeradas (BRASIL, 2019).

A presenca de microrganismos deteriorantes sio uma preocupagdo para a
estabilidade dos sucos de frutas, nos quais bolores, leveduras e bactérias aciduricas sao
os contaminantes mais comuns nesses produtos (RAJAURIA; TIWARI, 2018). Um dos
grandes problemas associados a sucos de frutas pasteurizados sao os fungos filamentosos
termorresistentes e bactérias acidéfilas, como Alicyclobacillus acidoterrestris. Eles sao
conhecidos por sua produgdo de esporos, que sao capazes de sobreviver a tratamentos de
pasteurizagdo aplicados durante o processamento e crescer durante o armazenamento de
produtos de alta acidez, tais como suco de frutas (PITT; HOCKING, 2009; SANTOS et
al., 2018a; TOURNAS et al., 20006).

2.2.1 Fungos filamentosos termorresistentes

Os ascosporos de fungos termoresistentes sdo frequentemente associados a
deteriorag¢do de produtos pasteurizados a base de frutas e vegetais, esses ascOsporos sao
amplamente distribuidos em pomares e campos, nos quais os frutos sao cultivados. Eles
podem sobreviver por longos periodos devido a um estado de “dorméncia” e, contaminar
as matérias-primas durante a colheita, transporte e processamento (CHAPMAN et al.,
2007; SALOMAO et al., 2007; BERNI et al., 2017). As espécies mais importantes de

fungos termorresistentes encontradas em produtos a base de frutas pertencem aos géneros
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Aspergillus, Paecilomyces, Talaromyces e Eupenicillium (PITT; HOCKING, 2009;
SANTOS et al., 2018).

Tradicionalmente os fungos filamentosos foram classificados de acordo com suas
morfologias. Com 0 avango das tecnologias capazes de
caracterizar macromoléculas biologicas, varias abordagens focando nos perfis de
diferentes constituintes celulares, como lipidios, proteinas e metabolitos, surgiram para
complementar a taxonomia desses fungos. A disponibilidade da tecnologia
de sequenciamento de DNA nas ultimas décadas gerou uma enorme quantidade de dados
de sequéncia de DNA, permitindo a taxonomia de fungos por meio da filogenética,
incluindo a concordancia genealdgica (TSANG et al., 2018). Com isso muitas espécies
tém sido reclassificadas e realocadas. Os fungos filamentosos utilizados nessa tese:
Neosartorya fischeri, Byssochlamys fulva e Byssochlamys nivea foram reclassificados e
renomeados como: Aspergillus fischeri, Paecilomyces fulvus e Paecilomyces niveus,
respectivamente, porém o antigo nome cientifico ainda ¢é recorrente em muitas
publicagdes.

A presenca de ascosporos de fungos termorresistentes em produtos processados a
base de frutas tem sido relatada ha mais de 80 anos (NIELSEN et al., 1988). Os
ascosporos possuem alta resisténcia térmica, podem sobreviver as temperaturas de
processamento, € possuem a capacidade de crescer sob condi¢des acidas pH (pH<4,0) e
microaeragdo ¢ anaerobiose (TOURNAS, 1994; SANTOS, et al, 2018b).
Consequentemente, quando ocorre uma contaminagdo por fungos termorresistentes, os
tratamentos térmicos podem ativar a germinagao dos ascosporos no produto, resultando,
assim, em um crescimento visivel do micélio, na producao de enzimas pectinoliticas e,
em algumas espécies de fungos, podendo representar riscos a saude devido a sua
capacidade de produzir micotoxinas (SALOMAO et al., 2007; TANIWAKI et al., 2009;
SANT’ANA et al., 2010).

Fungos termorresistentes tém sido isolados em frutas, como morango, mirtilo,
maga, abacaxi e em produtos a base de frutas, como geleias, suco de ma¢d e suco de
laranja (TOURNAS et al., 2006; SALOMAO et al., 2007; SALOMAO et al., 2014;
SANTOS, et al., 2018a). Salomao et al. (2014) investigaram a presenca de ascdsporos de
fungos termorresistentes em uma fabrica de processamento de suco de maca, de onde
foram isoladas espécies de Aspergillus fischeri, Paecilomyces fulvus e também os
géneros: Eupenicillium spp., Talaromyces spp. € Eurotium spp. Ao analisar a ocorréncia

de fungos termorresistentes em trés instalagdes de processamento de frutas (puré de
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morango, puré de mag¢a e suco de laranja), Santos et al. (2018a) detectaram a presenca
dos ascosporos em 96,4 % das amostras de frutas e em 59,3 % das amostras analisados
durante o processamento e pds-processamento. As espécies A. fischeri, A. fumigata e P.
niveus foram as espécies predominantes nos produtos pasteurizados.

A formacdo de ascosporos resistentes ¢ uma caracteristica dos fungos
termorresistentes, que pertencem ao filo dos Ascomicetos. A forma e a disposicdo desses
ascosporos podem variar como o tipo, as espécies e linhagens de microrganismos
(TOURNAS, 1994). O ciclo de vida de um fungo termorresistente ¢ mostrado na Figura
2.2. Esses fungos filamentosos tém uma fase assexuada (anamorfos) que produz esporos
nao resistentes ao calor chamados conidios e uma fase sexuada (teleomorfos) que produz
0s ascosporos resistentes ao calor. Os ascos e ascosporos podem estar, dentro de um corpo
esférico de parede lisa, denominados cleistotécio (Aspergillus fischeri), em corpos de
paredes circundados por hifas finas e entrelagadas, gimnotécios (género Talaromyces
spp.) ou nascerem separadamente e livre desses corpos de frutificacdo (Paecilomyces

spp.) (PITT; HOCKING, 2009).

Figura 2.2 - Ciclo de vida de um fungo filamentosos termorresistente.
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Fonte: Rico-Munoz et al. (2018).

A seguir, uma breve descricdo de alguns géneros produtores de ascdsporos

termorreristentes de interesse para a industria de alimentos:
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2.2.1.1 Paecilomyces spp.
O género Paecilomyces inclui as espécies P. niveus e P. fulvus, que sao

importantes na deterioragdo de alimentos. Essas espécies sdo teleomorfas e sdo
caracterizados pela auséncia de cleistotécio, ou qualquer outro corpo que envolva os ascos
durante o desenvolvimento. Paecilomyces sdo produzidos em cachos irregulares e
abertos, contendo geralmente oito ascosporos em associagdo por fragmentos de hifas
brancas (Figura 2.3). A espécie P. niveus apresenta caracteristica de formagao de colonias
brancas, enquanto P. fulvus forma colénias marrons de aspecto bem semelhante em Agar
Extrato de Malte (MEA) ou Agar Czapeck Extrato de Levedura (CYA) (PITT;
HOCKING, 2009; KOTZEKIDOU, 2014).

As espécies P. niveus e P. fulvus formam ascOsporos resistentes ao tratamento
térmico, que podem crescer em baixas tensoes de oxigénio e tolerar altas concentragdes
de dioxido de carbono. Essas caracteristicas fisioldgicas fazem das espécies de P. niveus
e P. fulvus importantes agentes de deterioracdo de produtos de frutas pasteurizados,
enlatados, engarrafados ou em embalagens cartonadas (PITT, J.I., HOCKING, 2009;
TANIWAKI et al., 2009; DELGADO et al., 2012). Os ascdsporos dos fungos, que podem
estar presentes na fruta in natura, podem sobreviver ao processamento dos produtos e,
durante o armazenamento, produzir enzimas pectinoliticas, que sdo responsaveis pela
degradacao de substancias pécticas e amolecimento dos tecidos, € micotoxinas, como a
patulina. Taniwaki et al. (2009) avaliaram o crescimento de fungos em altas
concentragdes de dioxido de carbono e baixas concentragdes de oxigénio e observaram
que P. niveus e P. fulvus foram capazes de crescer em concentragdes de 20%, 40% e 60%
CO: ¢ 0,5% de Os.

P. niveus pode produzir a micotoxina patulina a partir de frutas processadas
termicamente ou produtos fermentados (isto ¢, suco de frutas, sidra e compota de maga)

(KOTZEKIDOU, 2014).
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Figura 2.3 - Paecilomyces fulvus: a) conidioforos. b) conidios. ¢) asci e ascosporos; Paecilomyces
niveus: d) conidioforos. €) conidios. f) ascosporos;

Fonte: Samson et al. 2009.

2.2.1.2 Aspergillus fischeri
A. fischeri produz ascos recobertos por cleistotécios, com colonias de aparéncia

granular e formam paredes e ascosporos incolores ou brancos (Figura 2.4). Esse fungo
pode crescer em uma ampla gama de temperaturas (10 a 52 °C) e pH (3 a 8), e atividades
de agua de 0,90 a 0,99 (EVELYN; SILVA, 2017; NIELSEN et al., 1988). Esses fungos
também podem crescer a baixas pressoes parciais de oxigénio e em ambientes acidos. Pitt
e Hocking (2009) relataram que o grau de termoresisténcia dos ascosporos de A. fischeri
¢ proximo ao de muitos esporos bacterianos € ¢ maior do que o dos ascosporos de P.
Sfulvus. A. fischeri sendo também um problema de satide publica devido a sua capacidade
de produzir micotoxinas como a terreina, fumitremorginas A e B e verruculogénio

(NIELSEN et al., 1988; TOURNAS, 1994).
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Figura 2.4 - Aspergillus fischeri. Colonias A-B 14 dias (25 °C). A) agar laranja. B) MEA. C)
visdo macroscopica das cabecas dos conidios colunares. D-E) ascocarpo. F-G) asci e ascosporos.
H) ascosporos. I) MEV de ascosporos. J-L) conidiéforos. M) conidios.

Fonte: Samson et al. 2007.

2.3 Processamento térmico

A pasteurizacdo de sucos de frutas visa inativar microrganismos patogénicos,
grande parte dos deteriorantes e enzimas responsaveis pela diminui¢do da qualidade dos
sucos, e também estender a vida util dos produtos, além de almejar a minima degradagao
de nutrientes possivel (compostos fenolicos, carotenoides, vitaminas) (RAJAURIA;
TIWARI, 2018).

Os processos térmicos podem ser classificados de acordo com o tempo e a
temperatura empregados. O método HTST (high temperature-short time), que emprega

temperaturas > 80 °C e tempos < 30 s, ¢ um dos mais utilizado no processamento térmico
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de sucos e bebidas (PETRUZZI et al., 2017). O CRF (Code of Federal Regulation),
emitido pelo FDA, estabelece como critério de pasteurizacdo de sucos de frutas, uma
reducdo de 5 log do patdogenos mais pertinente, de acordo com o tipo de suco. O 6rgio
recomenda um binémio de 90 °C/2 s seguido por envase a 85 °C permanecendo nessa
temperatura por 1 min, para a redugdo de 5 log de patégenos como E. coli, Salmonella
spp. € Listeria monocytogenes em suco de frutas (FDA, 2004).

Para a maioria das frutas, temperaturas de pasteurizagdo mais brandas, em torno
de 70-75 °C, sdo eficazes na inativacao de enzimas, bactérias, leveduras e conidios de
fungos contaminantes comuns (PITT, J.I., HOCKING, 2009). No entanto, alguns
microrganismos como fungos termorresistentes e bactérias acidofilas formadoras de
ascoporos sao termicamente mais resistentes € podem sobreviver ao processo de
pasteurizagdo aplicado em sucos de frutas.

O aumento da intensidade (temperatura ou tempo de processamento) do
tratamento térmico nao ¢ desejavel, devido a razdes de qualidade e as demandas do
consumidor por produtos proximos ao natural. A conserva¢ao de alimentos por métodos
nao térmicos, como processamento de alta pressao (HPP), luz ultravioleta, campo elétrico
pulsado, ultrassom e luz pulsada tem sido investigada devido a reducao das temperaturas
de tratamento e tempos de processamento (PASCUAL et al., 2007; KEYSER et al., 2008;
GARCIA-GONZALES et al., 2009; EVELYN et al., 2016; TREMARIN et. al., 2017).

2.4 Luz Ultravioleta (UV-C)

2.4.1 Fundamentos da Luz UV
A luz ultravioleta (UV) ¢ a parte do espectro eletromagnético que corresponde a

faixa de comprimento de onda entre 100 e 400 nm (Figura 2.5). Esse intervalo ¢
subdividido em: UV-A (315 a 400 nm); UV-B (280 a 315 nm); UV-C (200 a 280 nm), e
UV no vécuo (100 a 200 nm). A luz UV-C (com 90% de emissao a 253,7 nm) ¢ conhecida
por ser germicida, inativar virus, bactérias, protozodrios, leveduras, fungos filamentosos

e algas (KEYSER et al., 2008; KOUTCHMA, 2009).
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Figura 2.5 - Espectro de radiagdo eletromagnética com uma divisdo do espectro de luz no
visivel e luz UV.
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Fonte: Honleuv (2014).

O uso da luz ultravioleta ¢ considerado muito eficaz no tratamento de superficies,
do ar e 4gua, no entanto, seu uso para tratar alimentos ainda ¢ limitado (BOLTON, 2000;
KOUTCHMA et al., 2009). O efeito germicida da luz é, principalmente, devido as reagdes
fotoquimicas que sdo induzidas no interior dos microrganismos. Os fotoprodutos
formados, principalmente os dimeros de pirimidina (Figura 2.6) (GIESE; DARBY, 2000),
inibem a formag¢do de novas cadeias de DNA no processo de replicacao celular,
resultando na chamada morte clonogénica (inabilidade de replicagdo) dos

microrganismos (BOLTON; LINDEN, 2003).

Figura 2.6 - Formagao do dimero de pirimidina na dupla hélice do DNA.
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Fonte: Adaptado de Nasa (2010).

O tratamento com luz UV-C ¢ realizado a baixas temperaturas, sendo considerado
um método ndo térmico. Esse método apresenta algumas vantagens como: ndo ha
formagdo de subprodutos indesejaveis que poderiam alterar as caracteristicas sensoriais
(sabor, odor e cor) do produto; ndo hd geracdo de produtos quimicos residuais e o
tratamento requer pouca energia quando comparado ao tratamento térmico convencional

(GUERRERO; BARBOSA, 2004; KEYSER et al., 2008). Uma das desvantagens do
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processo por UV-C ¢ o baixo poder de penetracdo da luz, o efeito germicida ¢ obtido
apenas pela aplicacdo direta no alvo, ndo sendo eficaz em superficies porosas, com
sombras ou orificios (GUERRERO; BARBOSA, 2004).

A aplicagdo de tratamentos com luz UV-C tem sido relatada como eficiente na
extensdo da vida util, preservagdo de atributos de qualidade e compostos fendlicos em
sucos de frutas. Chia et al. (2012) avaliaram o efeito do tratamento térmico (80 °C/10
min) e do tratamento por UV-C (53,42 mJ/cm?, 4918 s) na qualidade do suco de abacaxi
durante o armazenamento. O suco de abacaxi tratado com UV-C apresentou melhor
desempenho na preservagdo dos atributos de qualidade mensurados (cor, pH, acidez
titulavel, acido ascorbico e compostos fenodlicos totais) quando comparado ao suco
pasteurizado. Ao analisar os efeitos do tratamento UV-C (36,09 kJ/L) e do tratamento
térmico (90 °C/2 min) em suco de laranja, Pala e Toklucu (2013) ndo encontraram
diferencas significativas nas andlises fisico-quimicas e compostos fendlicos totais. Em
relacdo ao acido ascorbico, ndo houve diferengas entre o suco fresco e tratado com UV- C
e no tratamento térmico houve perda de 15,2 %. Também foram realizadas analises
sensoriais, sendo analisados atributos gerais e sabor e aroma, e o tratamento com UV-C

foi preferido ao suco tratado termicamente.

2.4.2 Fluéncia de UV-C
Os parametros de fluéncia (dose) e irradiancia (intensidade) sdo usados para

avaliar a exposi¢ao dos microrganismos a luz UV-C, cujarelagao € expressa pela Equagao
2.1. A fluéncia (J/m?) ¢é a energia total recebida por unidade de 4rea na superficie de um
substrato e varia com o tempo (s). Quanto maior o tempo de exposi¢do, maior a fluéncia.
A irradidncia (W/m?) ¢ a quantidade de fotons recebidos por unidade de 4rea da superficie
do substrato, e varia com a poténcia da lampada e a distancia entre o substrato ¢ a lampada

(BOLTON, 2000).
Fluéncia = Irradiancia x tempo 2.1
Para medir a fluéncia ou irradiancia, sdo utilizados sensores chamados de
radidmetros (térmicos ou fotdnicos) (KOUTCHMA, 2009). Estudos sobre inativacdo de

UV-C sdo muitas vezes relatados em termos de reducdes logaritmicas por unidade de

fluéncia de UV-C (MURAKAMI et al., 2006).
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2.4.3 Fluéncia de UV-C e a¢do sobre os microrganismos

Em 2000, a luz UV-C foi aprovada pelo FDA para aplicagcdes no processamento
de suco de frutas, que exige que o suco passe por um processamento que reduza a
populagdo do microrganismo de referéncia em 5 ciclos logaritmicos (FDA, 2004). Essa
tecnologia tem sido amplamente estudada como agente de inativacdo de uma ampla gama
de microrganismos de importancia alimentar, como Salmonella sp. (ESTILO &
GABRIEL, 2018), L. monocytogenes (YANG et al., 2017), E. coli (GABRIEL et al.,
2018), A. acidoterrestris (TREMARIN; BRANDAO, TERESA R.S.; et al., 2017) e
contagem total de microrganismos.

O efeito da luz UV-C na inativagdo de microrganismos pode variar de espécie
para espécie. Essa variagdao pode ser devido a: estrutura celular; espessura e composicao
da parede celular; presenca de proteinas absorventes de UV-C; diferenca na estrutura dos
acidos nucleicos, ou a capacidade de reparagdo do DNA danificado pela luz UV-C
(KOUTCHMA, 2009). Fungos filamentosos e leveduras sdo mais resistentes aos
processos de desinfeccao por luz UV-C quando comparados a células vegetativas de
bactérias (GUERRERO; BARBOSA, 2004; KOUTCHMA, 2009). A Tabela 2.1,
adaptada de Clauss (2006), mostra as fluéncias de inativacdo para diversos
microrganismos submetidos a luz UV- C no comprimento de onda de 254 nm, suspensos
em agua. As células vegetativas de bactérias sao mais sensiveis a luz UV-C quando
comparadas aos esporos (fungos e bactérias) e virus. Garcia Carrillo e colaboradores
(2017) examinaram o efeito da luz ultravioleta de onda curta (UV-C, 0 a 10,6 kJ/m?)
combinada com tratamento térmico suave (40, 45 ou 50 °C) na inativa¢ao de E. coli,
Saccharomyces cerevisiae € Pseudomonas fluorescens em suco de laranja e cenoura (pH
3,8/ 10,6 °Brix). Na condi¢io (UV-C - 10,6 kJ/m*/50 °C), P. fluorescens e E. coli
alcancaram mais de 6,0 redu¢des decimais enquanto S. cerevisiae alcangou 4,2 redugdes.
Os resultados mostraram que a luz UV-C ¢ menos efetiva contra fungos filamentosos e

leveduras do que contra bactérias.
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Tabela 2.1- Fluéncia de UV-C (254 nm) necessaria para redugdo de 1 a 4 log de diferentes
microrganismos em agua.

Fluéncia de UV em J/m?

Numero de redugdes decimais

Microrganismo 1 2 3 4
Aspergillus niger (esporos) 1150 2450 3700 5600
Penicillium expansum (esporos) 110 380 490 650
Bacillus cereus(esporos) 520 930 1400 -
Bacillus cereus (c€lulas vegetativas) 58 73 85 123
Staphylococccus aureus 44 60 73 95
Pseudomonas aeruginosa 8 16 23 31
Clostridium pasteurianum 34 53 67 84

Fonte: Adaptada de Clauss (2006).

A eficiéncia da luz UV-C na inativagdo de microrganismos em sucos de frutas
também ¢ fortemente influenciada pelo coeficiente de absor¢ao do suco. O coeficiente de
absorcao ¢ dependente das propriedades do suco, como cor e turbidez, s6lidos soltveis
(acucares, acidos organicos), solidos suspensos (fibras inséluveis), caracteristicas do
fluxo (laminar ou turbulento) e volume tratado (MURAKAMI et al., 2006; KOUTCHMA
et al., 2009; ESTILO; GABRIEL, 2018).

Baysal et al. (2013) avaliaram a utilizagdo de luz UV-C na inativagdo de 4.
acidoterrestris em suco de uva branca e maca. Nas mesmas condi¢cdes experimentais
(intensidade de 1,31 mW/cm? e tempo de 15 min), os resultados mostraram uma redugo
no numero de esporos maior no suco de uva branca (5,5 reducdes logaritmicas) que no
suco de maca (2 redugdes logaritmicas). De acordo com os autores, a transparéncia
limitada e maior turbidez do suco de magd (10 UNT - Unidade Nefelométrica de
Turbidez) quando comparado ao suco de uva branca (5,9 UNT) pode ter influenciado a
redugdo da penetracdo da luz UV-C no suco e reduzido a eficiéncia da inativagdao de

€Sporos.

2.5 Microbiologia Preditiva
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Nas ultimas décadas, houve um significativo aumento o interesse por modelos
matematicos e por simulacdes dos diferentes fendmenos que ocorrem durante o
processamento de alimentos. A microbiologia preditiva estuda o desenvolvimento de
modelos matematicos que descrevem a cinética microbiana (crescimento/inativagdo) em
alimentos como uma fun¢do das condi¢des intrinsecas (pH, atividade de agua) e
extrinsecas (temperatura, pressdo, aplicacdo de ultrassom ou radiacdo) (GEERAERD et
al., 2005). A fim de estimar o grau de inativagdo microbiana e os efeitos letais do
processamento, modelos matematicos sdo frequentemente aplicados para predizer as
melhores condi¢cdes de processamento. O estabelecimento de modelos preditivos de
inativagao ¢ fundamental para o estabelecimento de processos térmicos e/ou nao térmicos
de alimentos.

O uso de modelos matematicos na microbiologia de alimentos comegou em
aproximadamente 1920, com o desenvolvimento de métodos para calcular o tempo de
destruicdo térmica de microrganismos (BIGELOW, 1921).

A defini¢do de modelos primarios e secundarios foi proposta por Whiting e
Buchanan (1993). Os modelos primarios descrevem a dindmica da populagdo microbiana
em funcdo do tempo, sob um tUnico conjunto de condi¢cdes constantes. Os modelos
secundarios descrevem a influéncia da variacdo de fatores extrinsecos ou intrinsecos
sobre um ou mais parametros de um modelo de primério (WHITING & BUCHANAN,
1993).

2.5.1 Modelos primarios e secundarios de inativacao

A utilizacao de modelos cinéticos ¢ uma ferramenta util para avaliar a eficacia
do processamento térmico aplicado aos alimentos. A cinética de inativacdo de
microrganismos pode ser descrita através de modelos que descrevem o numero de
redugdes log decimais em fungdo do tempo de tratamento aplicado. O modelo de Bigelow
(Equagdo 2.2) ¢ tradicionalmente um dos mais utilizados e considera a inativacao de
microrganismos uma cinética de primeira ordem. Nesse modelo, assume-se que todas as
células de uma populagdo tém igual sensibilidade ao fator de inativagdo aplicado

(GEERAERD et al., 2005).

log (%2) = —kt 2.2)

No
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Em que Ny ¢ a populagdo inicial de microrganismos (UFC/mL), N(t) é a
populagdo no instante ¢ e k corresponde ao tempo para reduzir a populagdo de
microrganismos em um ciclo logaritmico.

Dois parametros utilizados pela industria para a determinagdo do tratamento
térmico a ser aplicado, baseado em um microrganismo alvo, sdo os pardmetros D ¢ z. O
valor de D ¢ definido como o tempo necessario para uma reducao de 90 % no niimero de
microrganismos alvo sob condi¢do ambientais, como a temperatura, constante. O valor
de z indica como D varia com a temperatura (BIGELOW, 1921). Embora esses
parametros sejam bastante utilizados, eles sdo obtidos a partir de uma cinética log-linear.
Entretanto, comportamentos log-lineares sdo considerados uma excecao, e cinéticas de
inativa¢ao nao log-lineares sao mais comuns (ALBERT; MAFART, 2005).

Acredita-se que a curva de inativacdo de muitos microrganismos pode exibir uma
das oito formas apresentadas na Figura 2.7 (GEERAERD et al., 2005). Na literatura, a
maioria dos estudos de inativagdo de fungos termorresistentes, como o A. fischeri, tem
relatado cinéticas ndo lineares (SALOMAO et al, 2007; SANT’ANA et al., 2009;
EVELYN; SILVA, 2015; EVELYN et al., 2016; SOUZA et al., 2017).

Figura 2.7 - Curvas de inativa¢do de microrganismos usualmente observadas na literatura. No
grafico (a) estdo representadas as curvas: (A) log-linear; (x) log-linear com cauda; (0) sigmoidal;
(o) log-linear precedida de ombro. No grafico (b): (A) bifasica; (x) concava; (O) bifasica com
ombro; (0) convexa.
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Fonte: GEERAERD et al. (2005).

Entre os modelos comumente utilizados para descrever a inativagcdo ndo-linear
de microrganismos, estd o modelo de Weibull (Equagdo 2.3). Esse modelo tem como

vantagem a sua simplicidade matematica e grande flexibilidade (MAFART et al., 2001).
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1ogNﬂO=—5tP (2.3)

Em que 0 ¢ o fator de escala e p fator de forma. 0 é um parametro que esta
relacionado a velocidade de inativacdo microbiana. O termo p esta relacionado a forma
da curva de sobrevivéncia: p<l e p>1 correspondem as curvas de sobrevivéncia concava
para cima (Figura 2.7a- (x) log-linear com cauda) e convexa (Figura 2.7a- (o) log-linear
precedida de ombro), respectivamente. Quando p =1, o modelo se torna uma cinética de
primeira ordem (Figura 2.7 a - (A) log-linear).

Dentre os modelos secundérios de inativagdo, os modelos Tipo Arrhenius
(Equagdo 2.4) e da Raiz Quadrada (Equagdo 2.5) sdo alguns dos mais utilizados para
descrever a varia¢ao dos parametros dos modelos primarios com a temperatura, ou outro
fator. Contudo, de acordo com Corradini e Peleg (2005), qualquer modelo empirico que
descreva de forma satisfatoria essa relacdo pode ser classificado como modelo
secundario. Alguns modelos empiricos utilizados sdo: modelo linear (Equacao 2.6) e

modelo exponencial (Equagao 2.7).

Iny=a(3)+b (2.4)
\/} = c(F - Fmin) (2.5)
y=hF+e (2.6)

y = g.exp(iF) 2.7)

Em que y ¢ a variavel primaria de interesse, normalmente associada a velocidade
de inativagdo (k, d, 0), a, b, ¢, e, g, h e i sdo parametros do modelo e F' ¢ a varidvel

ambiental (temperatura, pH, aw, sélidos soluveis e luz UV-C).

2.5.2 Modelagem de inativa¢ido por luz UV-C

Quando algum produto ¢ irradiado, ¢ importante definir a fluéncia (dose) de
radiacao recebida. Esta fluéncia ¢ expressa como a quantidade de radiagdo recebida por
unidade de tempo e 4rea ou intensidade de fluxo (W/m?) pelo tempo de exposi¢io (s)
(Equacao 2.1) (FALGUERA et al., 2011). Os modelos primarios, como o modelo de
Weibull e 0 modelo Biféasico (Equagdo 2.8 e Equagdo 2.9), podem ser descritos em fungao

da fluéncia:
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@ o

N(d) ¢ a populagdo de microrganismos (UFC/mL) que é funcdo da fluéncia de energia
radiante (kJ/m?), Ny é a populacio inicial do microrganismo (UFC/mL), p é o fator de
forma (admensional), & ¢ fator de escala (kJ/m? ou min).

O modelo bifasico de primeira ordem ¢ escrito na forma logaritmica decimal,
como mostrado na Equagdo (2.8), em que k; € ko (m?/ kJ ou min™) sdo, respectivamente,
as velocidades de inativagao da populacdo sensivel e resistente (k;/>k2), e f(sem dimensdo)
¢ a fragdo da populagdo sensivel. Este modelo consiste em duas fracdes que seguem
cinéticas de primeira ordem independentes, caracterizadas por duas velocidades

constantes diferentes (Cerf, 1977).

log (%”) = log(£10~1¢ + (1 — £)10~*24) (2.9)
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CAPITULO 3 - MATERIAL E METODOS

3.1 Efeito da concentracio de sdlidos soliiveis no suco de maca clarificado na
inativacio de Aspergillus fischeri (Neosartorya fischeri) por luz Ultravioleta (UV-C)

3.1.1 Microrganismos e preparo de suspensiao de ascosporos

O fungo Aspergillus fischeri (Neosartorya fischeri) foi isolado e identificado por
Salomao et al. (2007) em uma fabrica de processamento de néctar de macga. As suspensoes
dos ascosporos foram obtidas conforme descrito por Salomao et al., (2007). Na etapa de
pré-esporulacdo, os microrganismos foram cultivados em placas de Petri, meio PDA
(Potato Dextrose Agar) (Kasvi®, Brasil), a 30 °C por sete dias. Os esporos coletados
foram adicionados as placas de esporulagdo, meio MEA (Malt Extract Agar) (Kasvi®,
Brasil), e incubados a 30 °C por trinta dias. Apos este periodo, adicionou-se 10 mL de
agua destilada estéril em cada placa e, depois da raspagem da superficie das placas, com
espatulas de borracha, o contetido foi filtrado através de 4 camadas de gaze estéril para
remoc¢ao de quaisquer fragmentos de hifas remanescentes e entdo, centrifugado a 3500
rpm (2000 g) até a constatacdo microscopica da auséncia de hifas. O sobrenadante foi,
em seguida, removido e a suspensao final foi ressuspensa em agua estéril ¢ mantido em

condicdes de refrigeragcdo até sua utilizagao.

3.1.2 Preparo das amostras

Suco de maga clarificado concentrado (70 °Brix) foi obtido da empresa Fischer S.
A., sendo armazenado e mantido a -18 °C até posterior utilizagdo. O suco concentrado de
maga foi diluido em dgua destilada estéril até atingir as concentracdes de solido soluveis
de 12, 25, 30, 40, 50, 60 e 70 °Brix, teores que foram medidos utilizando-se um
refratometro (AR200 Reichert, EUA). Em amostras de 25 mL de suco de mac¢a, foram
inoculados 0,1 mL de suspensdo do microrganismo, por amostra, obtendo-se, assim,
concentracdes finais de aproximadamente 10°UFC/mL; essas foram entdo

posteriormente submetidas ao tratamento por UV-C.

3.1.3 Equipamento de Inativa¢io UV-C

40



Para a realizacdo dos experimentos, foi utilizado um equipamento com emissao de
luz ultravioleta desenvolvido por Braga (2018). O equipamento consiste em uma camara
(40x40x40 cm) de ago inoxidavel encamisado, com circulagdo de liquido refrigerante
para controle de temperatura. A camara foi equipada com 10 lampadas germicidas
(DULUX HNS L24W, OSRAM, Alemanha), que emitem radiacdo na faixa de 254 nm,

conforme descrito na Figura 3.1.

Figura 3.1 - Camara de inativagdo ultravioleta (UV-C). 1 e 4 - Controles de temperatura. 2 -
Temporizador. 3 - Fonte de energia. 5 - Valvula de duas vias para possibilitar a coleta de gases
(ndo utilizado). 6 - Banho termostatico (MQBTC99-20, Microquimica Equipamentos LTDA). 7
- Lampadas germicidas. 8 - Coller.

Fonte: Braga (2018).

3.1.4 Tratamento por Luz UV-C

Para a realizagdo dos experimentos de inativagdo, as lampadas da camara foram
ligadas por cerca de 30 minutos antes do tratamento UV-C, para minimizar as flutuagdes
de irradidncia. As amostras de suco foram colocadas em placas de Petri a 25 cm das
lampadas, sob agitagdo magnética continua e expostas a uma irradidcia de luz UV-C de
38 W/m’. A irradiancia das limpadas foi medida por um radiémetro UV-VIS (DELTA
OHM HD 2302.0, Italia). As fluéncias de UV-C foram calculadas multiplicando a
intensidade aplicada (38 W/m?) pelo tempo de exposi¢io. Em tempos pré-determinados
(0, 1, 2, 4, 7, 10, 15, 20, 30, 35 e 40 min), aliquotas de 1 mL foram coletadas para a

construgao da curva de inativagao.
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Apo6s o tratamento com UV-C, foram realizadas andlises microbioldgicas de
contagem de placas pelo método de plaqueamento em profundidade, conforme descrito

no item 3.1.5. Os experimentos foram realizados em triplicata.

3.1.5 Analises microbioldgicas

A contagem dos ascosporos nas amostras de suco foi determinada por
plaqueamento. Aliquotas de 1 mL, coletadas em cada ponto experimental, foram diluidas
em tubos contendo 9 mL de dgua peptonada estéril a 0,1%. Apds subsequentes diluicdes
decimais apropriadas, realizou-se plaqueamento em meio PDA (Potato Dextrose Agar)
(Kasvi®, Brasil) acidificado com solugdo de éacido tartarico 10% (pH do meio 3,5) e
adicionado de Rosa de Bengala (50 mg/L) para inibir o espalhamento das colonias. As
placas foram incubadas a 30 °C durante 3-5 dias. Placas com 20 a 100 colonias foram
usadas para enumeracdo. As contagens microbianas foram realizadas em triplicata e
expressas em UFC/mL.

O fluxograma da Figura 3.2 apresenta as principais fases do procedimento

experimental descritos neste capitulo e nas se¢des 3.1.1, 3.1.2,3.1.3,3.1.4 ¢ 3.1.5.
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Figura 3.2 - Diagrama do procedimento experimental para a inativagdo de ascosporos por luz

UV-C.
Suspensio de ascosporos F

25 mL de suco de (

maga

(10°UFC/mL) ) .
Luz Ultravioleta 7 -
(UV-C) (38 W/m?) vh
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1opana

determinados U ‘
| | ‘

Mo e g et 100 1N0°
o) (od o e (109 (1Y

Incubagido a 30 °C
(3 a5 dias) @
Curvas de Ajuste de modelos
inativacao <— matemadticos

Fonte: Menezes (2020).

3.1.6 Modelagem matematica e analises estatisticas

O modelo primario de inativacdo de Weibull (Equagdo 2.8) foi ajustado aos dados
experimentais de inativacdo dos microorganismos para estimativa dos seus parametros.
O software Matlab R2013a (foolbox curve fitting) (MathWorks®, Natick, EUA) foi
utilizado para os ajustes.

Apos a obtencdo dos parametros primarios do fator de escala (J) e do fator de
forma (p), os modelos secundarios da Raiz Quadrada (Ratkowsky et al., 1982) e
Exponencial (Equagdes (3.1) e (3.2), respectivamente) foram utilizados para descrever a

influéncia da concentracdo de sélidos soluveis (SS) nos pardmetros J e p dos ascOsporos
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de A. fischeri por luz UV-C. Os ajustes foram realizados no software em Matlab R2013a
(The MathWorks Inc'®, Natick, EUA).

Jy=b.(SS-SSmin) 3.1)

y=a. exp (c.SS) (3.2)
Em que a, b e ¢ sdo parametros empiricos da equagao, SS ¢ o valor da concentragdo de
solidos soluveis e y € parametro J ou p.

Os indices estatisticos coeficiente de determinagio (R’) (Equacio 3.3) e raiz do
erro médio quadratico (RMSE) (Equagao 3.4) foram usados para avaliar o desempenho
dos modelos (ROSS, 1996). O coeficiente de determinacio (R?) fornece uma medida da
proporcao da variacdao explicada pela equacao de regressao em relagdo a variacao total
das respostas. O R’ varia entre 0 e 1 e quanto mais proximo de 1, melhor o ajuste do
modelo. O indice RMSE (Equagado 3.4) ¢ uma medida da variabilidade residual, ou seja,
descreve o quanto os valores preditos estdo proximos dos valores observados. Quanto

menor o valor do RMSE, melhor ¢ o desempenho do modelo analisado.

Zn= (y red,i—Yobs i)z
R? = 1 — Zizipredi~Yobs 33
S (Vobsi=¥)” (3-3)

n _ 2
RMSE = \/Zl-l(yprzf; Yobsi) (3.4)

Em que ypres i s30 os dados preditos pelo modelo, yos i sd0 as observagdes
experimentais, y ¢ a média das observagdes, n ¢ o numero de dados experimentais e p € o

namero de parametros do modelo.

3.2 Modelagem da inativacao de ascosporos de Aspergillus fischeri e Paecilomyces
niveus em suco de maca clarificado por diferentes irradidncias de luz ultravioleta
(UV-0O)

3.2.1 Microrganismos e preparo de suspensio de ascosporos
A cepa de Paecilomyces niveus (CCT 2655) foi obtida da colecdo de culturas
tropicais da Fundagdo André Tosello (Campinas, SP, Brasil). A cepa de Aspergillus

fischeri foi isolada e identificado por Salomao et al. (2007). As suspensdes de P. niveus

e A. fischeri foram preparadas como descrito na se¢ao 3.1.1.
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3.2.2 Preparo das amostras

O suco de maga concentrado (pH 3,6, 70,5+0.1 °Brix) foi obtido da empresa Fischer
S. A., sendo armazenado e mantido a -18 °C, até posterior utilizagdo. O suco concentrado
foi diluido em agua destilada estéril e o teor de solidos soluveis foi ajustado, utilizando-
se um refratometro (AR200 Reichert, EUA), até a concentragdo de 12 °Brix. Amostras
contendo 30 mL de suco de maga a 12 °Brix foram inoculadas com 0,1 mL de suspensio
do microrganismo, obtendo-se uma concentragdo final de aproximadamente 10° UFC/mL
para A. fischeri e 10° CFU/mL para P. niveus. Posteriormente, as amostras foram

submetidas ao tratamento por UV- C.

3.2.3 Equipamento de Inativa¢cio UV-C

Para a realizagdo dos experimentos em irradidncias variaveis foi desenvolvido um
novo equipamento de inativagdo UV-C, o qual visava obter maior estabilidade das
lampadas UV-C, atingir outras irradiancias, facilitar a coleta de amostras e as medigdes
das irradiancias.

O equipamento foi desenvolvido com base no trabalho de Tremarin et al., 2017. A
camara de inativagdo foi construida em madeira MDF nas dimensdes (75x75x45 cm),
dimensodes que foram escolhidas para possibilitar o uso de lampadas de maior irradiancia
(Figura 3.3). Foram instaladas 7 lampadas UV-C, sendo quatro lampadas de 15 W (TUV
15W/G15 T8, Philips, Holland) e trés lampadas de 32 W (Dulux HNS L23W, OSRAM,
Germany), conforme descrito na Figura 3.3. Todas as lampadas instaladas possuem
emissao de radiacao na faixa de 254 nm. Cada lampada possui um reator de 10W. Na parede
anterior da camara foi instalado um cooler de refrigeracao e entradas para um agitador

magnético e para uma sonda de UV-C.
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Figura 3.3 - Camara de inativagdo por luz UV-C. a) Disposicio da amostra durante o
experimento. b) Disposicao das 1ampadas UV-C.

-_— T — o

Fonte: Menezes (2020).

Para medir a irradidncia emitida durante os experimentos, foi utilizado um
radidmetro UV-VIS (DELTA OHM HD 2302.0, Italia), com uma sonda posicionada ao

lado da amostra durante todo o experimento (Figura 3.4).

Figura 3.4 - Radidmetro

Fonte: Menezes (2020).

3.2.4 Tratamento por Luz UV-C

Para estimar os parametros do modelo de inativagdo, os experimentos foram feitos
em quatro irradidncias constantes (6,5, 13, 21 e 36 W/m?), e para valida-los, usou-se duas
irradidncias varidveis (aumento do platd de 6,5 para 13, 21 e, por fim 36 W/m? e
diminuicdo de 36 para 21, 13 e 6,5 W/m?). Para alcangar as diferentes irradiancias, a altura
da amostra em relagdo as lampadas e o numero de lampadas acesas foram modificados
de acordo com a irradiancia desejada. O radidmetro UV-VIS (DELTA OHM HD 2302.0,

Italia) foi usado durante todos os experimentos, para avaliar se as irradiancias usadas se
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mantinham constantes. A Tabela 3.1 mostra os valores dos pardmetros de altura e o

numero de lampadas para cada irradiancia.

Tabela 3.1 - Pardmetros utilizados para as irradidncias 6,5, 13, 21 e 36 (W/m?).

Irradiancias Altura (em relacdo as N° de Lampadas N° de Lampadas
(W/m?) lampadas) (cm) (15W) (32 W)
6,5 33 2 -
13 33 4 1
21 20 2 2
36 20 1 3

Fonte: Menezes (2020).

Para realizagdo dos experimentos de inativacdao, as lampadas da camara foram
ligadas por cerca de 30 minutos antes do tratamento UV-C, para minimizar as flutua¢des
de intensidade. As amostras de suco foram colocadas em placas de Petri (0@ 90 mm) , sob
agitacdo magnética continua, e expostas as diferentes irradidncias. Cada fluéncia d
(kJ/m?) foi calculada em funcio do tempo ¢ (min) e da irradidncia 7 (6,5, 13, 21 e 36
W/m?), de acordo com a Equagdo (3.5). Em tempos pré-determinados (0, 1, 2, 4, 7, 10,
15, 20 e 30 min), aliquotas de 1 mL foram coletadas para a constru¢ao da curva de
inativagao.

60t

= S0t (3.5)

1000

Ap6s o tratamento com UV-C foram realizadas andlises microbiologicas como

descrito na se¢@o 3.1.5. Os experimentos foram realizados em triplicata.

3.2.5 Modelagem matematica de inativa¢io por UV-C

A média dos valores dos dados experimentais foram transformados pelo logaritmo
da razdo entre a populacdo sobrevivente e a populagdo inicial (log (N(d)/Ny)), sendo N
(UFC/mL) a contagem de ascosporos no suco apos tratamento UV-C em um d especifico
(fluéncia (kJ/m?) ou tempo (min)) e Ny (UFC/mL) a concentracdoinicial de ascosporos

antes do tratamento.
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Os modelos Weibull (Mafart et al., 2001) (Equa¢do 2.8) e Bifasico de primeira
ordem (Cerf, 1977) (Equacdo 2.9) foram ajustados aos dados experimentais de
sobrevivéncia dos ascdsporos para estimar os pardmetros de inativagao.

Os indices estatisticos R?> e RMSE, descritos na se¢do 3.1.6, foram utilizados para
avaliar a qualidade dos ajustes dos modelos de inativagdo. Os fatores, percentual de
discrepancia (%D, Equagdo (3.6)) e percentual de tendéncia (%Bs, Equagdo (3.7))
(Baranyi et al., 1999) foram utilizados para avaliar o nivel de confianga nas predigdes e
para validar os parametros estimados do modelo. O %Dy € 0 %B; foram calculados com
o fator Exatidao (Equagao (3.8)), o fator de tendéncia (Equacdo (3.9)) e o sinal do fator
bias (Equag¢do (3.10)). Se %B; > 0, em media, o modelo prevé dados maiores que as

observagdes e se % By < 0, em média, 0 modelo prevé dados menores que as observagdes.

%Dy = (A; — 1)100 (3.6)
%B; = sgn(ln Bf)[exp(ln Bf) - 1]100 3.7
n — 2
Af — eXp <\[Zl=1(ln3/prei,1 lnyobs,l) > (3.8)
B = exp (Zi=11n ypre;,i—ln yobs,i) (3.9)
+1, if InB >0
sgn(InB;) =1{ 0, if InB; =0 (3.10)
=1, ifInB; <0

A toolbox curve fitting do Matlab R2013a (MathWorks®, Natick, EUA) foi
utilizada para ajustar os modelos de inativagao (Equagdes (2.8) e (2.9)), em funcao do
tempo e da fluéncia, aos dados experimentais sob irradiancias constantes e estimar os
parametros do modelo (e seus intervalos de confianga). As predi¢des de inativagao dos
ascosporos pelos modelos de inativagao (Equagdes (2.8) e (2.9)) ambas em funcao da
fluéncia, sob irradidncias variaveis € a comparacdo com os dados experimentais para
validagdo do modelo foram realizadas no Office Excel 2010 (Microsoft®, Redmond,

EUA), bem como os calculos dos indices estatisticos (R, RMSE, % Bf e % D).
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3.3 Inativacido de fungos termorresistentes em suco de maca nao clarificado por luz
ultravioleta (UV-C)

3.3.1 Microrganismos e preparo das amostras

Nesse estudo, foram testadas 2 cepas diferentes para cada especie de fungo. A
cepa de P. fulvus I0C 4518 foi isolada e identificada por Salomao et al., (2008) ¢ a cepa
P. fulvus CCT 0056 foi obtida da cole¢do de culturas da Funda¢do André Tosello
(Campinas, SP, Brasil). Para o microrganismo P. niveus, foi usada uma cepa isolada de
suco magca e a cepa P. niveus CCT 2655 obtida da cole¢do de culturas da Fundagdao André
Tosello. As cepas de A. fischeri utilizadas foram isoladas de suco de mag¢a e de morango
por Salomao et al, (2007) e Aragdo (1989), respectivamente. As suspensdes de
ascosporos de P. fulvus, P. niveus e A. fischeri foram preparadas como descrito na se¢ao

3.1.1.

3.3.2 Preparo das amostras e tratamento por luz UV-C

Suco de maca ndo clarificado obtido da empresa Fischer S. A., foi armazenado e
mantido a -18 °C, até posterior utilizacdo. Amostras contendo 30 mL de suco de maga
foram inoculadas com 0,1 mL de suspensdo do microrganismo, obtendo-se uma
concentragdo final de aproximadamente 10° UFC/mL para as cepas de 4. fischeri, 10*
CFU/mL para P. niveus ¢ P. fulvus. Posteriormente, as amostras foram submetidas ao
tratamento por UV- C na irradidncia de 36 (W/m?) (descrito nas se¢des 3.2.3 € 3.2.4,).

Ap6s o tratamento com UV-C, foram realizadas analises microbioldogicas como

descrito na se¢do 3.1.5. Os experimentos foram realizados em triplicata.

3.3.3 Analises fisico-quimicas

Por se tratar de um produto integral, o suco de mag¢ad turvo ndo passou pelos
processos de clarificagdo, tratamentos enzimaticos e ultrafiltracdo (descritos no
fluxograma de processo do capitulo 2, item 2.1), portanto o suco apresenta alto teor de
particulas suspensas. Para avaliar esse parametro foram feitas analises de turbidez. A
turbidez foi medida usando um turbidimetro (HACH 2100N, Hach Company, EUA).

As caracteristicas fisico-quimicas (pH, teor de solidos soluveis e cor) foram

avaliadas antes e depois do tratamento por luz UV-C (36 (W/m?)).
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Teor de solidos soluveis e pH

O teor de solidos soluveis dos sucos (°Brix), foi medido antes e apds a inativacao
por UV-C com refratometro (AR200 Reichert, EUA). O pH foi medido por pHmetro
(K39-2014B, KASVI, Brasil). As medidas foram realizadas em duplicata.

Cor

Os parametros de cor das amostras de suco nao clarificado foram medidos
utilizando-se um sistema de visdo computacional, descrito por (CARDENAS-PEREZ et
al.,, 2017), com adaptagdes. Amostras de 30 mL de suco de maca, antes e depois do
tratamento com UV- C, foram colocados em uma placa de Petri para a andlise. Duas
leituras foram feitas para cada amostra, sempre com as mesmas condigdes de luz; as
analises foram feitas em triplicata. A aquisicdo de imagens foi feita com uma camera
(Nikon D5500, Nikon Corporation, Japao) e a analise foi realizada no software ImagelJ v.
1.6.0 (National Institutes of Health, Bethesda, MD, EUA). O plug-in Color Space
Converter foi utilizado para converter as cores do sistema RGB para a escala CIELab,
resultando em valores de luminosidade L* (L* = 0: preto; L* = 100: branco), e
cromaticidades a* (+a*: vermelho; -a*: verde) e b* (+b*: amarelo; -b*: azul). A diferenca

total de cores (4FE) foi calculada pela equagao 3.11:

AE = /(L — Lo)? + (a — ag)? + (b — by)? (3.11)

Em que Ly, ap € bp sdo os valores de cor das amostras de suco de maga nao tratados,
e L, a e b sdo os valores de cor das amostras de suco de maca tratadas com UV-C. Valores

mais altos de 4F indicam deterioracdo de cor mais acentuada.
3.3.4 Modelagem matematica e analises estatisticas

A média dos valores dos dados experimentais foi transformada pelo logaritmo da
razdo entre a populagdo sobrevivente e a populagdo inicial (log (N(d)/No)). Os modelos

Weibull (MAFART et al., 2001) (Equagdo 2.8) e Bifasico de primeira ordem (CEREF,

1997) (Equagdo 2.9) foram ajustados aos dados experimentais de sobrevivéncia dos
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ascOsporos para estimar os parametros de inativagdo. A andlise de desempenho dos
modelos foi feita pelos indices estatisticos R? ¢ RMSE, descritos na segdo 3.1.6.

Os resultados das analises fisico-quimicas foram analisados utilizando o software
Office Excel 2010 (Microsoft®, Redmond, EUA), a ocorréncia de diferenca significativa

entre os resultados foi determinada pelo teste ¢z, com 5% de significancia.

3.4 Efeito do tratamento combinado de luz ultravioleta (UV-C) e tratamento térmico
na inativacio de fungos termorresistentes em suco de maca clarificado

3.4.1 Microrganismos e preparo das suspensdes

As suspensoes de ascosporos de P. fulvus (I0C 4518) e A. fischeri foram

preparadas como descrito na se¢do 3.1.1.

3.4.2 Tratamentos combinados de Luz Ultravioleta (UV-C) e Tratamento térmico

3.4.2.1 Tratamento térmico
O estudo foi realizado com base na metodologia descrita por Aragao (1989). O

tratamento térmico foi conduzido em um frasco de trés bocas (250 mL), com entrada para
termopar, agitador e para a retirada de amostras, contendo 49 mL de suco de macga
(pH 3,89+0,04, 12 °Brix). O frasco foi submerso em banho termostatico (Dist, DI-BO-
1000, £+ 0,5 °C) contendo 6leo de silicone, nas temperaturas de 86,5 °C para P. fulvus ¢
86,5 e 89 °C para A. fischeri. O suco foi agitado com agitador mecanico (IKA RW20,
Merck, USA) e a temperatura foi aferida com termopar (Figura 3.5). 1 mL da suspensao
de ascosporos foi adicionado ao frasco apods o suco atingir a temperatura do experimento.
Para as andlises microbioldgicas, aliquotas de 1 mL foram coletadas em diferentes tempos
de exposi¢do (0 a 25 min). As analises microbioldgicas foram realizadas como descrito

na sec¢ao 3.1.5.
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Figura 3.5 - Banho termostatico com agitador mecanico utilizado para o tratamento térmico em
frasco de trés bocas.

Fonte: Menezes (2020).

UV-C e tratamento térmico

As amostras de suco de maga inoculadas com a suspensao de ascosporos, foram
submetidas ao tratamento combinado, aplicando-se o tratamento com luz UV-C (descritos
nas secoes 3.2.3 e 3.2.4) seguido pelo tratamento térmico. As amostras foram expostas a
luz UV-C, irradiancia de 36 (W/m?) por 0,72 min e, em seguida, 1 mL da amostra tratada
com UV-C foi inoculado no frasco de trés bocas contendo 49 mL de suco na temperatura
necessaria para o tratamento térmico (86,5 °C para P. fulvus e 86,5 ¢ 89 °C para A.
fischeri) em diferentes tempos de exposi¢do (0 a 25 min). Para as andlises microbiologicas
aliquotas de 1 mL foram coletadas em diferentes tempos de exposi¢ao, como descrito na
secao 3.1.5. Foi feita a contagem inicial dos ascosporos no tempo 0, antes do tratamento

por UV-C, e apos o tratamento por UV-C para a contagem inicial do tratamento térmico.

Tratamento térmico e UV-C

As amostras de suco de ma¢d foram submetidas ao tratamento térmico (86,5 °C
para P. fulvus e 86,5 e 89 °C para A. fischeri), conforme metodologia descrita no item
3.4.2, por 2 min, e em seguida foram resfriadas em banho de gelo. Um volume de 1 mL
da amostra resfriada foi adicionado a placa de Petri contendo 29 mL de suco. Em seguida
foi aplicado o tratamento com luz UV-C (descritos nas se¢des 3.2.3 e 3.2.4). As amostras
foram expostas a luz UV-C, irradiancia de 36 (W/m?), por um periodo de 10 min. Para as
analises microbiologicas, aliquotas de 1 mL foram coletadas em diferentes tempos de

exposicao (0,5, 1, 1,5, 2, 3,4, 6 e 10 min), como descrito na se¢ao 3.1.5.
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3.4.3 Microscopia eletronica de varredura (MEV)

ApoOs os tratamentos por luz UV-C, o tratamento térmico e o tratamento
combinado, foram feitas analises de microscopia eletronica de varredura (MEV) para
avaliar possiveis lesdes fisicas causadas nas estruturas dos ascdsporos por esses
tratamentos. Para as analises de MEV, as amostras tratadas e amostras controle foram
centrifugadas a 9000 rpm por 10 min. O precipitado formado foi entdo lavado por duas
vezes com PBS (tampdo fosfato salino 0,1M) e ressuspendido em uma solugdo de
glutaraldeido 2,5%, por 2 horas. Apds esse periodo, o material foi novamente lavado com
PBS e em seguida por 4gua mili-q. O material foi entdo desidratado em solucdes de etanol
(10, 30, 40, 50, 70, 80, 90 e 100%), por 15 minutos em cada concentragdo, e fixado em
papel para andlise. As amostras foram montadas em sfubs de aluminio cobertos com
filmes adesivos de carbono e revestido com uma camada de ouro para observacao no

microscopio eletronico de varredura (JEOL JSM-6390LV, Japao).

3.4.4 Modelagem matematica e analises estatisticas

A média dos valores dos dados experimentais foi transformada pelo logaritmo da
razao entre a populacdo sobrevivente e a populacao inicial (log (N(t)/Np)). Os modelos
Weibull (MAFART et al., 2001) (Equacao 2.8) e Bifasico de primeira ordem (CERF,
1997) (Equacao 2.9) foram ajustados aos dados experimentais de sobrevivéncia dos
ascosporos para estimar os parametros de inativagdo. A andlise de desempenho dos

modelos foi feita pelos indices estatisticos R?> e RMSE, descritos na se¢o 3.1.6.
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CAPITULO 4 - RESULTADOS E DISCUSSAO

Os resultados serdo apresentados em inglés na forma de artigos cientificos como

descrito a seguir:

4.1 Efeito da concentracio de sélidos soliveis na inativacio de Aspergillus fischeri
(Neosartorya fischeri) por luz Ultravioleta (UV-C) em suco de maca clarificado
Artigo 1: Effect of soluble solids concentration on Neosartorya fischeri inactivation
using UV- C light

Publicado na revista International Journal of Food Microbiology, v. 296, p. 43-47, 2019.

4.2 Modelagem da inativacao de ascosporos de Aspergillus fischeri e Paecilomyces
niveus em suco de maca clarificado por diferentes irradiancias de luz ultravioleta
(UV-0O)

Artigo 2: Modeling the inactivation of Aspergillus fischeri and Paecilomyces niveus

ascospores in apple juice by different ultraviolet light irradiances

Publicado na revista International Journal of Food Microbiology, v. 333, p. 108773,
2020.

4.3 Modelagem de inativacdo de fungos termorresistentes em suco de mac¢ad nao
clarificado por luz ultravioleta UV-C
Artigo 3: UV-C light processing of cloudy apple juice: Evaluation of the impact on heat-

resistance ascospores inactivation, and some quality characteristics

4.4 Efeito do tratamento combinado de luz ultravioleta (UV-C) e tratamento térmico
na inativacio de fungos termorresistentes em suco de maca clarificado

4.4.1 Artigo 4: Inactivation of ascospores of Aspergillus fischeri and Paecilomyces fulvus

by UV- C, thermal tratament and their combination in clarified apple juice

4.4.2 Resultados Complementares
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4.1 Efeito da concentracio de sélidos soliveis na inativacio de Aspergillus fischeri
(Neosartorya fischeri) por luz Ultravioleta (UV-C) em suco de maca clarificado

Apresentacao:

A eficacia germicida do processamento por UV-C depende do poder de
penetracdo da luz no alimento. De acordo com Koutchma (2009), uma quantidade
crescente de s6lidos organicos dissolvidos em um sistema liquido resulta em atenuacio
significativa da efic4cia antimicrobiana da UV-C. Os componentes de sucos de frutas,
como o suco de maca, incluindo agucares simples (frutose, sacarose, glicose), acidos
organicos e o acido ascorbico podem absorver a luz ultravioleta, resultando na reducao
de sua eficacia (ESTILO e GABRIEL, 2018). Sendo assim, o objetivo deste estudo foi
avaliar a influéncia de diferentes concentracdes de solidos soluveis (12, 25, 30, 40, 50, 60
e 70 ° Brix) na inativacao de ascosporos de Aspergillus fischeri (Neosartorya fischeri)
por luz UV-C em suco de maga clarificado. Os resultados sdo apresentados na forma de
artigo

No artigo apresentado o microrganismo Aspergillus fischeri foi referenciado com

o nome anterior (Neosartorya fischeri).

Effect of soluble solids concentration on Neosartorya fischeri inactivation using
UV- C light

Abstract

Ascospores of Neosartorya fischeri are heat-resistant and can survive thermal
commercial treatments normally applied to the juices, as apple juice. Non-thermal
processing of food such as exposure to ultraviolet light (UV-C) is reported to induce
minimal quality changes while reduces microbial load. The main objective of this study
was to determine the effect at different soluble solids concentration (12, 25, 30, 40, 50,
60 and 70 °Brix) on N. fischeri ascospores inactivation in apple juice, using UV-C light
intensity (38 W/m?). Weibull model was fitted to experimental data. Then, a secondary
model was used to describe how the inactivation kinetic parameters varied with the
changes in soluble solids concentration. Results showed that the UV-C light had influence
on N. fischeri ascospores inactivation in apple juice even at the highest soluble solids
concentrations used, reaching approximately 4 log reductions at all concentrations used.

The inactivation parameters, obtained by Weibull model, were ¢ (dose for the first
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decimal reduction) and p (the shape factor). Exponential model was chosen to describe
the influence of soluble solids concentration on J and p parameters. It can be concluded
that UV-C light is a promising treatment with a drastic impact on the loads of N. fischeri,
especially when low soluble solids concentration is used and a model was obtained to
describe Brix effect.

Keywords: Neosartorya fischeri, ultraviolet light (UV-C), soluble solids concentration,
Weibull model.

1 Introduction

Moulds generally associated with spoilage of pasteurized fruit juices, as apple juice
and other fruit products are often heat-resistant. Ascospores of these moulds are extremely
heat tolerant compared with those of other fungi. Among the heat-resistant moulds known
to survive pasteurization treatments sometimes given to fruit juices is Neosartorya
fischeri (BEUCHATTI; KUHN, 1997).

N. fischeri moulds produce extremely heat-resistant spores inside an ascus mother
cell, called ascospores. They are able to grow over a wide range of temperatures (10 to
52 °C), pH (3 to 8) and at low oxygen partial pressures (Evelyn and Silva, 2017; Nielsen
et al.,, 1988). Pitt and Hocking (2009) reported that the degree of heat resistance
of N. fischeri ascospores is close to that of many bacterial spores and is higher
than Byssochlamys fulva ascospores. The capability to produce mycotoxins terrein,
fumitremorgins A and B, and verruculogen makes N. fischeri causes public health
concern (Nielsen et al., 1988; Tournas and Traxler, 1994).

Pasteurization temperatures are commonly used to prolong the shelf life of fruit
juices (SANT’ANA et al., 2009). However, it has been recognized that the thermal
process can stimulate the dormant ascospores of moulds responsible for economic losses
and food spoilage (Berni et al., 2017; Slongo and Aragdo, 2006). dos Santos et al., (2018)
identified heat resistant moulds ascospores from samples collected on the pasteurized
treatment of high acidity fruit products, where 26.7% of the orange juice pasteurized
samples were predominantly contaminated by N. fischeri. Increasing the intensity
(temperature or processing time) of the heat treatment is not desirable, due to quality
reasons and consumer demands for ‘fresh-like’ fruit products. Non-thermal methods have
been investigated due to reduced treatment temperatures and processing times, such as

ultrasound, pulsed electric field, high pressure processing (HPP) and ultraviolet light
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(Estilo and Gabriel, 2018; Evelyn and Silva, 2018; Li et al., 2017; Miks-Krajnik et al.,
2017; Tremarin et al., 2017; Uchida and Silva, 2017).

Ultraviolet (UV) light is the part of the electromagnetic spectrum with wavelengths
between 100 and 400 nm. The highest germicidal effect is between 250 and 280 nm (UV-
C light). Possible use of UV light in liquid foods has been tested on orange juice (Tran
and Farid, 2004), apple cider (Koutchma et al., 2004), milk (Krishnamurthy et al., 2007)
and liquid egg derivate (Unluturk et al., 2008), with growing applications. UV light may
also improve food safety by reducing patulin, a mycotoxin present in fresh apple cider
(Dong et al., 2010). UV-light treatment of liquid foods can be performed by use of liquid
foods can be applied as a continuous flow. UV-C (wavelengths of 220-300 nm with 90%
emission at 253.7 nm) has been approved by the FDA as a mean for controlling surficial
microorganisms (biofilm) on food products (US Food and Drug Administration, 2004).
In the fruit juices industry, soluble solids (expressed in °Brix) is one major factor
influencing on inactivation kinetics of heat-resistant fungi (Estilo and Gabriel, 2018;
Souza et al., 2017). It is known that the germicidal efficacy of UV-C processing depends
on the soluble solids (sugars, organic acids, etc.), insoluble suspended matter (insoluble
fibers), flow characteristics (laminar or turbulent) (Guerrero-Beltran and Barbosa-
Céanovas, 2005; Koutchma et al., 2009). However, until our knowledge, there is no
literature report on modelling the effect of soluble solids on the inactivation of N. fischeri
spores using UV-C lights in concentrate fruit juice. The aims of this study were to
determine and model the effect of soluble solids concentration on the inactivation of M.

fischeri ascospores in apple juice using different doses of UV-C light.

2 Material and methods

2.1 Spores suspension

The mould Neosartorya fischeri was isolated from an apple nectar processing plant
and identified by Salomao et al., 2007. N. fischeri ascospores were obtained after pre-
sporulation in Petri dishes containing Potato Dextrose Agar (PDA) medium (pH 3.5) at
30 °C for seven days. Collected spores were added to the plates containing Malt Extract
Agar (MEA, Kasvi®, Brazil) medium and incubated for 30 days at 30 °C. The spores
were collected by flooding the surface of the culture plates with 10 mL sterile distilled
water and scraped from the agar surface with a sterile rubber spatula. The spore

suspension was subsequently filtered through four layers of sterile gauze and centrifuged
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at 3500 rpm (2000 times the force of gravity) for 10 min at 5 °C and the procedure was
repeated five times and until no hyphae were seen under the microscope. The final
suspension was prepared with the precipitate in a minimum volume of water, sufficient
to obtain a highly concentrated suspension The supernatant was then removed, re-
suspended in sterile water and kept in refrigerated conditions until further use (Salomao

et al., 2007). Concentration of spores’ suspension was around 10® CFU/mL.

2.2 Fruit juice samples

Concentrate commercial apple juice (pH 3.6, 70.5+ 0.1 °Brix) was obtained from
Fischer S.A. and used as the medium to suspend and process the ascospores. In the
adjustment of soluble solids (SS) to the desired °Brix values, appropriate amounts of
distilled water were dissolved in apple juice to obtain the concentrations of 12, 25, 30,
40, 50, 60 and 70 °Brix. The soluble solid content (°Brix) was determined by a
refractometer (AR200 Reichert, USA). Each juice sample had a volume of 25 mL of apple
juice artificially inoculated with 0.1 mL of ascospores suspension (initial spore

concentration was approximately 10® CFU/mL of juice).

2.3 Ultraviolet inactivation treatments

Juice exposure to UV-C light was done inside a chamber (40x40x40 cm) with ten
germicidal lamps (DULUX HNS L24W, OSRAM, Germany) with peak emission at 254
nm. Juice samples were placed in Petri dishes 25 cm below the lamps and continuously
stirred during the irradiation with a magnetic agitation. The juice samples had a deepness
of 4 mm. The intensity of the lamp was measured by a UV—-VIS radiometer (DELTA
OHM HD 2302.0, Italy) at the same distance from the UV lamp as the plates, giving a
corresponding intensity of 38 W/m?. UV doses were calculated by multiplying the UV
intensities (38 W/ m?) by the exposure times (0, 1, 2, 4, 7, 10, 15, 20, 30, 35, 40 min). At
a given SS concentration, samples of 1 mL were taken after 0, 1, 2, 4, 7, 10, 15, 20, 30,
35, 40 min of exposure. The UV lamp was switched on for about 30 min prior to UV-C
treatment to minimize intensity fluctuations.

After each treatment, microbiological analyses of the juices were carried out. At

least three replicates of each treatment were performed.
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2.4 Microbiological analysis

After inactivation treatments, survival spores in juice samples were determined by
pour plating. Spore samples were decimal diluted using 9 mL 0.1% (w/v) sterile buffered
peptone water. Then, 1 mL of each dilution was transferred to sterile Petri dishes with
agar PDA (Potato, Dextrose, Agar) broth (Kasvi®, Brazil). The plates were incubated at
30 °C for 3-5 days. Plates with 20 to 100 colonies were used for enumeration. Microbial

counts were performed in triplicate and expressed as CFU/mL.

2.5 Modelling the ascospore inactivation and data analysis

MATLAB R2013a (MathWorks®, Natick, USA) was used to fit a Weibull model
to UV-C spore survival lines, and to estimate the model parameters for N. fischeri
ascospores in apple juice.

The Weibull distribution (Equation (1)) written in the decimal logarithmic form is
as follows (MAFART et al., 2001):

logN = logN, — (d/6)P (1)

where: N (population at time t), Ny (initial population), d (dose (kJ/m?)), J (the scale
factor) and p (shape parameter). § (kJ/m?) is the UV dose for the first decimal reduction.
The term p (dimensionless) is the survival curve shape factor: p<I and p>1 correspond to
survival curves with concave upwards (tailings) and concave downwards (shoulders),
respectively. When p = 1; the Weibull model becomes a simple first-order kinetics.

For each SS concentration, three survival experiments were performed for UV-C
treatments. For each survival experiment, duplicate samples were processed for each
time. Then, the /og(N) were expressed as mean + standard deviation (SD), which includes
the result of seven different concentration samples and the average data were plotted in a
chart. For each SS, the model parameters + standard errors (SE) were estimated by fitting
the models to the average of the data points for each processing time. Root mean square
error (RMSE) and coefficient of determination (R?) were used to obtain the performance
of the model. A relatively small RMSE and R? values close to 1 indicate the adequacy of
the model to describe the survival data.

Secondary models normally used for modeling growth and inactivation parameters

of bacteria have been used for parameters of moulds (Dantigny et al. 2005). After
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obtaining the primary parameters of the scale factor (d) and the form factor (p), the Square
Root (RATKOWSKY et al., 1982) and the exponential secondary models (Egs. (2) and
(3), respectively) were used to describe the influence of soluble solids concentration
(Baranyi et al., 1995; Haberbeck et al., 2012; Longhi et al., 2013; Menezes et al., 2018).
The fitting procedure was performed in Matlab R2013a (The MathWorks Inc.®, Natick,
USA).
Jy=b(SS-SSin) (2)
y=a. exp (cSS) 3)
where a, b and c are empirical parameters of the equation; SS corresponds to the
soluble solids concentration values and y corresponds to the parameters 6 or p.
Statistical indices were used for validation the inactivation models: coefficient of
determination (R?), Eq. (4) and root mean squared error (RMSE), Eq. (5) (ROSS, 1996).
A relatively small RMSE and R? values close to 1 indicate the adequacy of the model to

describe the survival data.

_ Y (pred—obs)?

2
R®=1 ™ ,(obs—mean)? (4)
n _ 2
RMSE = Li—,(pred—obs)* (5)
n-p

3 Results and discussion

3.1 Ascospore inactivation of NV. fischeri by UV-C light

Experimental inactivation data of N. fischeri ascospores in apple juice by UV-C
light, using different soluble solids concentration (12, 25, 30, 40, 50, 60 and 70 °Brix),
are shown in Fig. 1. All data are expressed in terms of log (N/No) to avoid the influence
of the initial microbial loads differences. The UV-C light affected N. fischeri inactivation
in apple juice even at the highest soluble solids concentrations used, reaching
approximately 4 log reductions at all applied concentrations.

The UV-C treatment was able to inactivate 5 log of N. fischeri ascospores in apple
juice after 20 min at the UV intensity of 38 W/m?. Evelyn et al. (2016), evaluated the
inactivation of V. fischeri in apple juice (pH 3.7, 10.6+0.1 °Brix) using thermal treatment
at 85 and 90 °C. To obtain 5 log reductions, 70 min at 85 °C or 20 min at 90 °C were
required. The same authors also used non-thermal methods as high pressure processing
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(HPP) and power ultrasound in combination with mild heat, HPP-thermal and
thermosonication (TS) for N. fischeri inactivation and found approximately 5 log
reductions using HPP 600 MPa and 3.5 log reductions using TS (24 RHz, 0.33 W/mL) in
40 min at 75°C. Sant’Ana et al., (2009) worked with thermal treatment of B. fulva
ascospores in clarified apple juice (11°Brix), to obtain 5 log reduction at 85°C around 90

min were needed and 15 to 20 min at 90°C.

Figure 1- Neosartorya fischeri ascospores inactivation in apple juice applying different
soluble solids concentration at UV intensity of 38 kJ/m?. Continues lines represent
Weibull model fits for each condition individually. Error bars indicate about the

triplicates of the experiment.
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Garcia Carrillo et al., (2017) examined the effect of short wave ultraviolet light
(UV-C, 0 to 10.6 kJ/m?) assisted by mild heat treatment (40, 45 or 50 °C) on Escherichia
coli, Saccharomyces cerevisiae and Pseudomonas fluorescens inactivation in freshly
squeezed carrot-orange juice blend (pH 3.8, 10.6 °Brix). They find (UV-C - 10.6 kJ/m?
and heat treatment 50 °C) 4.2 log reductions for S. cerevisiae and more than 6.0 log
reductions for P. fluorescens and E. coli. Results showed that UV-C light is least effective
against fungi and spores than against bacteria (KOUTCHMA et al., 2009).

In the present work, UV-C treatment, even at high soluble solids concentration, was
more efficient in microbial reduction than other methods as high pressure thermal
processing (HPTP), thermosonication (TS) and thermal treatment at 85 and 90 °C, studied

for other authors. Accordingly, experimental results obtained for the inactivation of M.
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fischeri in apple juice allowed concluding that UV-C treatment at the intensity tested is a
promising application for preventing the spoilage of juices.

The influence of soluble solids concentration in N. fischeri spore’s inactivation
using UV-C light was observed on Fig. 1. In the lowest soluble solid concentration (12
°Brix), the required UV-dose to achieve an inactivation of 5 log units was found as
approximately 53 kJ/m?, which corresponds to an intensity of intensity of 38 W/m? for 20
min. The suggested UV-doses for approximately 4.2 log reductions at the highest
concentrations (60 and 70 °Brix) was more than 80 kJ/m? or 35 min at the UV intensity
of 38 W/m?, showing a protective effect of soluble solids concentration in the N. fischeri
inactivation using UV-C light. The knowledge of the soluble solids is highly important
factor affecting microbial inactivation using UV-C light in fruit juices. According to
Koutchma, (2009), the increasing amount of dissolved organic solids in a liquid system
results in significant attenuation in the antimicrobial efficacies of UV-C.

Several studies have previously described the significant effects of soluble solids
concentration on microorganisms inactivation (Estilo and Gabriel, 2018; Souza et al.,
2017; Uchida and Silva, 2017). Estilo and Gabriel (2018) studied the influence of soluble
and insoluble solids, and treated volume on the UV-C resistance of Salmonella enterica.
The authors found, at the same insoluble solids (1.5%) and treated volume (625mL) a
large variation in the decimal reduction time (Duv.c-value), calculated from the
inactivation curves. The Dyv.c results obtained were 10, 29 and 60.8 (mJ/cm?) for 0, 35
and 70 °Brix, respectively in simulated fruit juices.

Koutchama (2009) reported that soluble solids, light absorbing ingredients, and
suspended particles in food products substantially decrease the penetration depth and
availability of the UV-C light photons, which consequently affects microbial inactivation.
Transparency is often influenced by the chemical composition of fluids as well as the

concentration of dissolved and suspended solids.

3.2 Modeling the UV-C inactivation of V. fischeri ascospores in apple juice

The Weibull model was able to describe N. fischeri inactivation and showed the
best fits, confirming the performance through statistical indexes and estimated parameters
(0 and p), presented in Table 1. Analyzing the results of Weibull model, p values (shape
factors) were between 0.28 and 0.74 (p<l1), indicating an upward concavity. The concave

upwards shape of the curves corresponds to a tailing phase in which the inactivation rate
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decreases, this may be related to the solids in suspension that block the UV -light through
the system, nonhomogeneous treatments, aggregation of microorganisms or the presence
of resistant subpopulation (Baysal et al., 2013; Hijnen et al., 2006). The use of combined
mild heat and UV-C treatments could be one solution to decrease the spore resistance
observed with processing time. The scale parameter () represents the time for the first
decimal reduction and found as increased from 0.08 at 12 °Brix to 7.14 min at 70 °Brix,
demonstrating this parameter is dependent within this range of soluble solids
concentration. These results were in agreement with several studies reported with other
microorganisms where the Weibull model could quantitatively describe microbial
inactivation by UV-C in different food matrices (Baysal et al., 2013; Garcia Carrillo et
al., 2017; Hakguder Taze et al., 2013; Unluturk and Atilgan, 2014).

Table 1- Weibull model parameters for the survival of Neosartorya fischeri ascospores

of different soluble solids after UV-C processing.

Soluble solids & +se (kJ/m?) p *se R? RMSE
(°Brix)

12 0.18+£0.34 0.28 £0.09 0.98 0.284
25 0.54 +1.77 0.30+0.17 0.91 0.463
30 1.87+£7.11 0.42 +0.39 0.84 0.713
40 1.41 £2.70 0.43+0.19 0.95 0.428
50 4.38 +£5.35 0.59 £0.24 0.97 0.334
60 9.89 £ 6.06 0.69£0.18 0.99 0.202
70 16.29 + 8.31 0.74 £0.18 0.99 0.180

The results obtained in this work corroborate previous studies that have also
reported p values <I. Flores-Cervantes et al. (2013) characterized survival curves of
Aspergillus flavus and Aspergillus niger spores in peach nectar processed by UV-C light
alone (203 kJ/m?) or combined with antimicrobials by Weibull model, reporting p values
<1 (0.19to 0.72) for the inactivation of both microorganisms. Garcia Carrillo et al. (2017)
fitted Weibull model to survival curves of Escherichia coli, S. cerevisiae and
Pseudomonas fluorescens in freshly squeezed carrot-orange juice blend exposed to
UV- C light (0 - 10.6 KJ/m?) assisted by mild heat treatment (UV-C/H, 40, 45 or 50 °C),

they also reported p values of less one.
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According to the results obtained in the present study, Weibull model resulted in
good performance statistical indices (0.181-0.714 RMSE and 0.84-0.99 R?). These R? and
RMSE values are at the score present at the literature for other heat resistant moulds and
spore-forming bacterium. Baysal et al. (2013) fitted Weibull model to the survival curve
of Alicyclobacillus acidoterrestris and they found RMSE values 0.213, 0.295, 0.422 at
the intensities 0.38, 0.71 and 1.31 mW/cm?, respectively for inactivation data in grape

juice.

Table 2- Estimated parameter values (a, b, c and SSwmin) of the fitting of Square Root and
Exponential secondary models to § and p parameters values and the statistical indexes (R?

and RMSE).

Parameter Square root Exponential
b SSmin  R2 RMSE a c R? RMSE
(kJ*/m°B)  (°B) (kJ/m?)
d 0.062 11.5 0.92 0.751 0.093 0.076  0.95 0.604
p 0.006 -68.9 095 0.039 0.219 0.018 0.95 0.043

The estimated parameter values (£ 95% confidence interval) (a, b, ¢ and SSmin) of
the fitting of Square Root (Eq. (2)) and Exponential secondary models (Eq. (3)) to ¢ and
p parameters values and the statistical indexes (R?> and RMSE) are shown in Table 2. Both
of models could describe the influence of soluble solids concentration on ¢ and p
parameters of Weibull due to its good performance (high R? and low RMSE values).
The square root model was chosen because is often used in the literature for modeling the
effect of temperature or others factor on the parameters of the primary models. The Square
Root model (Fig. 2 (a) and (b)) can be used to predict the N. fischeri inactivation in other
soluble solids values in the studied range. To attend the growing demand from consumers
for health food products and the fact that industry aims diversification of their products
(such as fruit products with different and high soluble solids contents), it's important the
knowledge about the factors affecting microbial inactivation, such as the relation between

UV-C light intensity and the soluble solids content.
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Figure 2 - Fitting Square Root secondary models (continuous lines) to describe the

influence of the soluble solids concentration on the primary parameters o (®) and p (¢).

1
4.2 Ta N o)
35 0.8 1
3
52.5 ] _?Q_O.é %
w2 b 0.4 -
2 15
£ 1 hd 0.2
0.5 1 ®
0 . . . 0 T T T
0 20 40 60 80 0 20 40 60 80
oBrix °Brix

4 Conclusions

The primary model that best described N. fischeri inactivation by UV-C treatment
over time was the Weibull model, where the shape parameter (p) and the scale parameter
(o) were calculated for the different soluble solids concentration. To describe the variation
of the shape and scale parameters with the variation of the soluble solids concentration,
the secondary model fit the data. Both have good performance indices, proving that
primary and secondary models have high predictive capacity.

Inactivation kinetics showed that the lowest soluble solids concentration needs less
inactivation time than the other concentrations to achieve more than five logarithmic
reductions were achieved.

Ultraviolet inactivation technology could be used as an alternative to thermal
treatment for fruit juice products with the great advantage that it can reduce of sensory
and nutritional impacts. Long treatment time is still needed to achieve a 5 log inactivation
under de UV-C process. Thus, future studies should focus on the optimization of
processing parameters to inactivate the N. fischeri spores or the combination with other
methods (hurdles), such as use of mild heat and UV-C treatments. This research opens
new opportunities of investigation that embrace studies on quality characteristics of the

products and safety standards.
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4.2 Modelagem da inativacdo de ascosporos de Aspergillus fischeri e Paecilomyces
niveus em suco de maca clarificado por diferentes irradidncias de luz ultravioleta
(UV-0O)

Os estudos iniciais mostraram que foi possivel a inativacao dos ascosporos de 4.
fischeri, utilizando a luz UV-C, em todas as concentracdes de solidos soluveis estudadas.
Diante disso, a concentracdo de 12 °Brix, concetracdo média dos sucos de maga
comerciais, foi escolhida para avaliar a influéncia da irradiagdo na inativacao dos

ascoporos de A. fischeri e P. niveus.

Modeling the inactivation of Aspergillus fischeri and Paecilomyces niveus ascospores
in apple juice by different ultraviolet light irradiances

Abstract

The present work aimed to evaluate and to model the influence of UV-C light treatments
with different irradiances (6.5, 13, 21, and 36 W/m?) on Aspergillus fischeri and
Paecilomyces niveus ascospores inactivation in clarified apple juice. Approximately 5.0
and 6.0 log CFU/mL spores of P. niveus and A. fischeri, respectively, were suspended in
30 mL of clarified apple juice (pH 3.8, 12 £ 0.1 °Brix) and exposed to UV-C light at
different irradiances (as above) and exposure times (0 to 30 min). The first-order biphasic
model was able to describe the experimental data with good statistical indices (RMSE =
0.296 and 0.308, R?> = 0.96 and 0.98, for P. niveus and A. fischeri respectively). At the
highest irradiance level tested (36 W/m?), the UV-C light allowed the reduction of 5.7
and 4.2 log-cycles of A. fischeri and P. niveus ascospores, respectively, in approximately
10 min. P. niveus was the most UV-C resistant mould. The results showed that, to a
defined UV-C fluence, a change in the level of either time or UV-C irradiance did not
affect the effectiveness of UV-C light for 4. fischeri and P. niveus inactivation. Thus, the
modeling of the inactivation as a function of the UV-C fluence allowed the estimation of
the primary model parameters with all experimental data and, consequently, no secondary
models were needed. The model parameters were validated with experiments of variable
UV-C fluences. Accordingly, experimental results allowed to conclude that UV-C
treatment at the irradiances tested is a promising application for preventing A. fischeri

and P. niveus spoilage of juices.
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1 Introduction

Aspergillus ~ fischeri (Neosartorya fischeri) and Paecilomyces niveus
(Byssochlamys nivea) are classified as heat-resistant moulds (HRMs). Their ascospores
can survive to the temperatures normally applied during pasteurization of fruit-based
products. These ascospores are widely distributed in soil, orchards, and fields, where they
can stay dormant and can contaminate fruits, vegetables, and their products and
processing equipment (Salomao et al., 2014; Santos et al., 2018; Tranquillini et al., 2017).

A. fischeri ascospores showed high heat resistance and survived to the treatment
0f 94 °C for 20 min in apple juice (Salomao et al., 2007). P. niveus ascospores survived
in thermally treated strawberry puree at 90 °C for 8 min (Evelyn and Silva, 2015). They
can survive not only at high temperatures but also at a wide range of pH (3 to 8) and low
oxygen partial pressures, and they are capable of producing mycotoxins (Evelyn and
Silva, 2017; Nielsen et al., 1988; Tournas and Traxler, 1994).

The thermal process applied during the pasteurization can stimulate the dormant
ascospores, which may result in visible growth of mycelium and subsequently cause
deterioration (loss of flavour, texture, and aroma) (Berni et al., 2017; Slongo and Aragao,
2006; Tranquillini et al., 2017). Santos et al. (2018) detected HRMs ascospores in 83.3%
of the strawberry puree samples collected after pasteurization, where 98% of the isolates
belonging to Aspergillus with Neosartorya-type ascospores. Salomao et al. (2014) also
isolated and identified HRMs ascospores after the pasteurization process in a processing
plant of concentrated apple juice.

In general, thermal conditions required to inactivate the ascospores of heat-
resistant fungi in the products would decrease the sensory quality as well as reduce their
nutrient content. A number of non-thermal processing technologies, such as ultrasound,
pulsed electric field, high-pressure processing (HPP) and ultraviolet light, have been
investigated to minimize the loss of quality and to extend the shelf life of foods (Evelyn
and Silva, 2018; Feliciano et al., 2019a; Fundo et al., 2019; Sauceda-Galvez et al., 2019).

Short-wave ultraviolet (UV-C) light is a non-thermal processing technology,
which involves a region of the electromagnetic spectrum (200280 nm) with a peak of

germicidal effect on bacteria, yeasts, moulds and viruses at 250-270 nm (Keyser et al.,
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2008; Santhirasegaram et al., 2015). The absorption of UV-C light results in a
photochemical reaction of neighbouring pyrimidine nucleotide bases in the same
deoxyribonucleic acid (DNA) strand. The dimer inhibits the formation of new DNA
chains in the process of cell replication and eventually may cause cell death (Bolton and
Linden, 2003; Koutchma et al., 2009).

UV-C inactivation is affected by many parameters, such as UV light source,
irradiance, reactor design, type of liquid, and microorganisms. UV-C fluence is a very
important parameter calculated multiplying the UV-C irradiances (W/m?) by the exposure
times. The concept of time—irradiance reciprocity asserts that the effectiveness of UV
light for microbial inactivation depends on UV-C fluence, not on the level of light
irradiance and time (Sommer et al., 1996). The validity of this relationship is important
to design the inactivation process, €. g., the necessity of minimum irradiation time. The
use of UV-C light at germicidal wavelengths has been approved to treat food surfaces and
clear fruit juices (US Food and Drug Administration, 2004). Its application has been
tested to reduce deteriorating and pathogenic microorganisms in juices, such as apple
(Menezes et al., 2019; Orlowska et al., 2015; Tremarin et al., 2017), grape (Baysal et al.,
2013), carrot and orange (Biral et al., 2019; Feliciano et al., 2019b; Pala and Toklucu,
2013). However, very few studies have focused on the effects of the UV-C light irradiance
application on HRMs spores. Due to the importance of A. fischeri and P. niveus spores in
high acid fruit products and the necessity of more research to the application of UV-C
light technology, this work aimed to A. fischeri evaluate the influence of UV-C light
treatments with different irradiances on the inactivation of and P. niveus spores in apple
juice, with kinetic mathematical modeling of the survival curves by the estimation and

validation of model parameters.

2 Material and methods

2.1 Microorganisms and preparation of ascospores suspensions

Aspergillus fischeri isolated and identified in samples taken from an apple nectar
processing line by Salomao et al. (2007) and Paecilomyces niveus CCT 2655 obtained
from the André Tosello Foundation of Tropical Cultures (Campinas, Brazil) were studied.
Ascospores of A. fischeri and P. niveus were obtained as follows. After pre-sporulation
in Petri dishes containing Potato Dextrose Agar (PDA) medium (pH 3.5) at 30 °C for

seven days, the spores were added to the sporulation plates containing Malt Extract Agar
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(MEA, Kasvi®, Brazil) media and incubated for thirty days at 30 °C. The mycelial mass
was scraped off the plates with 10 mL of sterile distilled water by gently rubbing the
surfaces of the plates with a sterile rubber spatula. The resulting suspension was filtered
through sterile gauze and centrifuged at 3500 rpm (2000 times the force of gravity (g))
for 10 min at 5 °C. The procedure was repeated until no hyphae were seen under the
microscope. Finally, ascospores were suspended in sterile water. Spore suspensions were
kept in refrigeration at 4 °C until use (Salomdo et al., 2007). The suspensions were
submitted to a heat shock of 10 min at 80 °C to verify the presence of conidia in the
samples. The mold ascospore concentration was determined by pour plating into PDA
before and after the heat-shock to confirm the same concentration of the suspensions were
obtained. The inactivation experiments were carried out without any attempt to free
ascospores from their asci. Under natural conditions, there is expected the ascospores in
fruits would be present as a mixture of asci and free ascospores. So, carrying out the

inactivation experiments in this way should reflect the reality of fruit juice processing.

2.2 Apple juice samples

Concentrated clarified apple juice (pH 3.6, 70.5 = 0.1 °Brix) obtained from Fischer
S. A. (Videira, Santa Catarina, Brazil) was adjusted to 12 °Brix (refractometer AR200
Reichert, USA) by dilution with distilled water. For the experiments, aliquots (0.1 mL)
of each ascospores suspension were inoculated into 30 mL of apple juice to yield the
initial spore concentration of approximately 10° and 10> CFU/mL of A. fischeri and P.

niveus, respectively.

2.3 UV-C inactivation

UV-C irradiation of the samples was conducted using a fabricated UV-C chamber
(75x 70%45 cm) with five germicidal lamps, three of 15 W (TUV 15W/G15 T8, Philips,
Holland) and two of 32 W (Dulux HNS L23W, OSRAM, Germany) with radiation peak
at 254 nm wavelength. The inoculated apple juice samples were placed in Petri dishes
(deepness of4 mm) 20 cm below the lamps. The samples were continuously stirred during
the irradiation with a magnetic agitator (IKA, BIG SQUID White). The thin layer and the
stirring mechanism were applied to maximize the UV-C processing efficiency, as

suggested by Hinds et al. (2019). The tested UV-C irradiance (intensity) was measured
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by a UV-VIS radiometer (DELTA OHM HD 2302.0, Italy) placed at the same position
from the UV lamp as the plates.

The microbial inactivation was carried out under four constant irradiances (6.5,
13, 21, and 36 W/m?) to estimate the model parameters, and two variable irradiances
(increasing plateaus from 6.5 to 36 W/m?, and decreasing plateaus from 36 to 6.5 W/m?)
to validate the model parameters. The UV lamp was switched on for about 30 min before
the UV-C treatments to minimize irradiance fluctuations. UV-C fluences (UV-C doses)
in each experiment were calculated by multiplying the UV-C irradiances (6.5, 13, 21, and
36 W/m?) by the exposure times (0 to 30 min). After each treatment, microbiological

analyses of the juices were carried out. Three replicates of each treatment were performed.

2.4 Microbiological analyses

During the UV-C inactivation treatments, 1 mL aliquot was retrieved per time
interval (0, 1, 2, 4, 7, 10, 15, 20, 25 and 30 min for constant irradiance experiments, and
three samples equally spaced in time at each irradiance plateau for variable irradiance
experiments), which was then subject to serial dilutions in 0.1% (w/v) sterile buffered
peptone water. Then, survival spores were determined by pour plating. 1 mL of each
dilution was transferred to sterile Petri dishes with PDA agar (Potato, Dextrose, Agar)
broth (Kasvi®, Brazil). The plates were incubated at 30 °C for 3-5 days to colony
enumerations. Plates with 20 to 100 colonies were used for enumeration. Microbial counts
were performed in triplicate and expressed as CFU/mL. The plates were kept plus ten

days to observe any possibility of ascospores injury.

2.5 Kinetic modeling of the UV-C inactivation

The Weibull (Mafart et al., 2001) and the first-order biphasic (Lee et al., 2001)
models were fitted to the experimental data of survival ascospores to estimate the
inactivation parameters. The experimental data, expressed as mean =+ standard deviations
(SD), were transformed to logarithmic microbial survival ratio (log N(d)/Ny), in which N
is the spore counts (CFU/mL) in the juice after UV-C treatment at a specific d (fluence
(kJ/m?) or time (min)), and Ny (UFC/mL) is the initial number of ascospores before the
treatment. Each fluence d (kJ/m?) was calculated as a function of the time ¢ (min) and the

irradiance I (W/m?), according to Equation (1).
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d = 1000 (D)

The Weibull model is written in the decimal logarithmic form as shown in

Equation (2), in which § (kJ/m* or min) is a scale factor called time of first decimal

reduction and p (dimensionless) is a shape parameter (p<1 and p>1 correspond to concave

upwards and concave downwards survival curves, respectively, and p = 1 correspond to
the simple first-order linear model).

03 (42) = - (2 g

The first-order biphasic model is written in the decimal logarithmic form as shown

in Equation (3), in which k; (m?/kJ or 1/min) and k> (m*/kJ or 1/min) are the inactivation

rates of the sensitive and resistant population, respectively, and f (dimensionless) is the

fraction of the sensitive population. This model consists of two fractions that follow

independently first-order kinetics, characterized by two different constant rates (CERF,

1977).

log(¥§?)==log(flo-hd-+(1-f)1o-hd) 3)

The coefficient of determination (R’, Equation (4)) and Root Mean Squared Error
(RMSE, Equation (5)) statistical indices were used to evaluate the goodness-of-fit of the
inactivation models, in which y,..q; are the i"™ predicted data by the models, y,s; are
the i™ experimental observations, ¥ is the mean of the observations, n is the number of
experimental data and p is the number of model parameters. RMSE values close to zero

and R’ values close to one indicate the adequacy of the model to describe the survival

data.
Ti (y redi_ZVobsi)z
RZ =1-— i=1\Yp . g 4
Z?:l(yobs,i_y)z ( )
n o . 2
RMSE = \/21_1(ypr1:d_.; Yobs,i) (5)

The per cent discrepancy (%Df, Equation (6)) and the per cent bias (%B;y,

Equation (7)) factors (Baranyi et al., 1999) were used to assess the level of confidence in

the predictions and to validate the estimated model parameters. The %D and %B; were
calculated with the accuracy factor (Equation (8)), the bias factor (Equation (9)), and the
sign of the bias factor (Equation (10)). If %B; > 0, on average, the model predicts higher

data than the observations and, if %B; < 0, on average, the model predicts lower data

than the observations.
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%D; = (A; — 1)100 (6)

%B; = sgn(ln Bf)[exp(ln Bf) — 1]100 (7)
n L . 2
Af = exp (\[Zi=1(lnypre¢:l¢ I Yops,i) > (8)
Bf = exp (Zi=1ln ypre;:i,i—ln YObs,i) (9)
+1, if InBf >0
sgn(InB;) =4 0, if InB; =0 (10)

The fit function of the curve fitting toolbox of the Matlab R2013a (MathWorks®,
Natick, USA) was used to fit the survival models (Equations (2) and (3), both as a function
of the time and the fluence) to the experimental data under constant irradiances and to
estimate the model parameters (and their confidence intervals). The predictions of the
moulds inactivation by the survival models (Equations (2) and (3), both as a function of
the fluence) under variable irradiances and the comparison with the experimental data for
model validation were performed in Office Excel 2010 (Microsoft®, Redmond, USA), as
well as the calculations of the statistical indices (R?, RMSE, %By, and %Dy).

3 Results and discussion

Figure 1 shows the experimental data of A4. fischeri and P. niveus ascospores
inactivation in apple juice (log (N/Ny)) exposed to different UV-C light irradiances (6.5,
13, 21 and 36 W/m?) as a function of time (min) and the fitting of the first-order biphasic
model. The survival data of both moulds showed an upward concavity. The inactivation
patterns at all irradiances showed a rapid initial decrease in the number of surviving
ascospores, which slowed after some time. At the highest irradiance level tested (36
W/m?), the UV-C treatment allowed the reduction of 5.7 logs of A. fischeri initial
contamination and 4.2 logs of P. niveus initial contamination, both after 10 min exposure.
At the lowest irradiance level tested (6.5 W/m?), such reductions of 4. fischeri and P.
niveus were not attained after 30 min of exposure. Significantly reduced spore numbers
in less time at the highest irradiance levels have also been reported by other authors
(Baysal et al., 2013; Tremarin et al., 2017). Menezes et al. (2019) studied the effect of

UV-C light on inactivation of N. fischeri ascospores in apple juice (12 °Brix) at constant
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UV-C irradiance (38 W/m?). The reduction of 4 logs was attained after 10 min of
exposure.

The results of the UV-C light treatment for A. fischeri and P. niveus ascospores in
apple juice showed more microbial reduction than thermal treatment at 85 and 90 °C and
other methods, as reported in the literature. Evelyn et al. (2016) obtained an inactivation
of 4.8 log of N. fischeri ascospores in apple juice (pH 3.7, 10.6 °Brix) after 20 min of
thermal process at 90 °C. Sant’Ana et al. (2009) studied the inactivation of Byssochlamys
fulva in clarified apple juice (11 °Brix) and obtained 5 log reduction after 90 min and 20
min of thermal process at 85 °C and 90 °C, respectively. Evelyn and Silva (2018) found
5 log reductions of N. fischeri spores in apple juice (pH 3.7, 10.6 + 0.1 °Brix) after 40
min of HPP-thermal process (600 MPa and 75 °C).

The experimental data of log(N/Ny) as a function of time shown in Figure 1 follow
the traditional definition of primary models — response of the micro-organism with time
to a single set of conditions (Whiting and Buchanan, 1993). The fitting of primary models
to these data results in parameters dependent on UV-C irradiance (data not are shown), in
which secondary models are needed to describe the response of parameters of the primary
model to changes in cultural conditions (Whiting and Buchanan, 1993). In this case,
modeling the experimental data of log(N/Ny) as function of the fluence (kJ/m?) (instead
of time) have a great advantage: (primary) models can be fitted to all experimental data
of each mould because they are independent of the UV-C irradiance and, consequently,
no secondary models are needed. This behaviour can be seen in Figure 2, which shows
the experimental data of A. fischeri and P. niveus ascospores inactivation in apple juice
exposed to different UV-C light irradiances (6.5, 13, 21 and 36 W/m?) as a function of
fluence (kJ/m?).
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Figure 1 — Experimental data (symbols) of A. fischeri (a) and P. niveus (b) ascospores inactivation
in apple juice (log N/Ny) exposed to different UV-C irradiances (6.5 W/m? (o), 13 W/m? (o), 21
W/m? (), and 36 W/m? (A)) as a function of the time (min). The lines represent the fitting of the
first-order biphasic model to the data (6.5 W/m? (=), 13 W/m? (- - -), 21 W/m? (---), and 36 W/m?

(+..)). Error bars (I) correspond to the triplicate of each measurement.
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The results of Figure 2 show that to a defined UV-C fluence, a change in the level
of either time or UV-C irradiance does not affect the effectiveness of UV-C light for 4.
fischeri and P. niveus inactivation. Previous studies have reported this behaviour for other
microorganisms in water and apple juice (Murakami et al., 2006; Sommer et al., 1998;
Sommer et al., 1996). At the same UV-C fluence, Sommer et al. (1996) tested different
microorganisms exposed to three UV-C irradiances (0.02, 0.2, and 2 W/m?), with
corresponding exposure times. Bacillus subtilis, Staphylococcus aureus phage, and
Escherichia coli ATCC 25922 showed no differences in inactivation rates by variation of

irradiances and exposure times within selected UV-C fluence. However, tested strains of
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Saccharomyces cerevisiae did not follow the time-irradiance reciprocity. Their
inactivation increased along with lengthening exposure time. Baysal et al. (2013) fitted
the log-linear plus tail model to the survival curve of Alicyclobacillus acidoterrestris in
apple juice at different irradiance levels (0.38, 0.71 and 1.31 mW/cm?) and found the

same values of the inactivation rates (kmax) for the three levels.

Figure 2 — Experimental data (symbols) of A. fischeri (a) and P. niveus (b) ascospores inactivation
in apple juice (log N/Ny) exposed to different UV-C irradiances (6.5 W/m? (o), 13 W/m? (o), 21
W/m? (4), and 36 W/m? (A)) as a function of the fluence (kJ/m?). The line represents the fitting
of the first-order biphasic model to all data. Error bars (I) correspond to the triplicate of each

measurement.
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Table 1 shows the parameters estimated by fitting the Weibull (Equation (2)) and
the first-order biphasic (Equation (3)) models to the survival data of 4. fischeri and P.

niveus as a function of fluence exposed to different UV-C light irradiances, and the
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statistical indices. The first-order biphasic model presented better statistical indices (R,
RMSE, %By, and %Ay) than the Weibull model for both A. fischeri and P. niveus. The
Weibull model usually describes microbial inactivation very well (Evelyn and Silva,
2015; Menezes et al., 2019; Unluturk et al., 2010). However, in this research, besides the
worse R’, RMSE, %By, and %Ay than the biphasic model, the Weibull model parameters
showed large confidence intervals (mainly 8). Better statistical indices (lower RMSE,
%By, and %A;) were obtained by the fitting of the biphasic model to the data of P. niveus
than 4. fischeri, although the confidence intervals of the model parameters of P. niveus
were larger than 4. fischeri. Vipavee et al. (2015) investigated the inactivation of
Cladosporium cladosporioides with irradiation fluence and, as in this research, found the
better fit with the Biphasic model (Adjusted R’ = 0.96 and RMSE = 0.25). The inactivation
curve exhibited upward concavity, which can be interpreted to mean weak or sensitive
members of the population are destroyed at a relatively fast rate, leaving behind survivors
of higher resistance.

The parameters of the first-order biphasic model indicate that A. fischeri have a
higher fraction of the most sensitive population than P. niveus, and the sensitive
population of 4. fischeri is inactivated at a faster rate than P. niveus. On the other hand,
the resistant population of A. fischeri is inactivated with a slower rate than P. niveus.
Therefore, the A. fischeri inactivation is slightly faster than P. niveus for low and high
fluences. For example, the UV-C fluence of 16.4 kJ/m? inactivates 5 logs of A. fischeri
and 4 logs of P. niveus. These results suggest that both moulds are more UV-C resistant
than other resistant microorganisms, like the thermo-acidophilic bacteria Alicyclobacillus
acidoterrestris. Tremarin et al. (2017) evaluated the effect of UV-C light on the
inactivation of A. acidoterrestris in apple juice (10.5 °Brix) and found a reduction of 5
log cycles in approximately 8 min at an irradiance of 13.44 W/m? (6.5 kJ/m* UV-C
fluence). Koutchma (2009) also suggests that fungi are more resistant to UV-C light than

bacterial spores due to their size.
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Table 1 - Parameters (+ 95% confidence intervals) estimated by the fitting of the Weibull and the first-order biphasic models to the survival data

of A. fischeri and P. niveus ascospores exposed to different UV-C light irradiances as a function of the fluence (kJ/m?) and the statistical indices.

Mould Model Parameter Statistical indices
) p f ki k> R? RMSE %By %Dy
0.2843 0.4035 0.910 0.587 11.6% 63.3%
Weibull
(£0.2073) (£0.0783)
A. fischeri
0.9998 0.8516 0.0750 0.976 0.308 6.9% 34.5%
Biphasic
(£0.0001) (£0.083) (£0.0259)
0.5442 0.4167 0.922 0.414 5.7% 29.8%
Weibull
(£0.2961) (£0.0741)
P. niveus
0.9975 0.7279 0.0851 0.963 0.296 1.4% 15.8%
Biphasic
(£0.0021) (£0.1056) (£0.0270)
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Pitt and Hocking (2009) reported that the degree of heat-resistance of N. fischeri
ascospores is close to that of many bacterial spores and is higher than Byssochlamys spp.
ascospores. However, in the present work, 4. fischeri was more UV-C sensitive than P.
niveus. Sauceda-Galvez et al. (2019) investigated UV-C lethal effect combined with Ultra
High-Pressure Homogenization on Neosartorya spinosa and Talaromyces macrosporus
in apple juice. N. spinosa was more sensitive to UV-C light than 7. macrosporus.
According to the authors, the higher inactivation effect of UV-C on N. spinosa ascospores
might be possible due to the different characteristics between these moulds pigmentation
ascospores, since N. spinosa ascospores present a light white colour in contrast with 7.
macrosporus which are dark orange.

Figure 3 shows the experimental data of A4. fischeri and P. niveus ascospores
inactivation in apple juice as a function of the fluence exposed to increasing and
decreasing plateaus of UV-C irradiances and the predictions of the first-order biphasic
model. The visual comparison between the experimental data and the model predictions
allows to confirm that the model was able to predict the biphasic trend of the ascospores
inactivation. In all cases, the model overestimated the experimental data of the ascospores
inactivation for lower fluences (up to ~3 kJ/m?), and the opposite occurred for higher

fluences.

Figure 3 — Experimental data (symbols) of A. fischeri (o) and P. niveus (#) ascospores
inactivation in apple juice (log N/Ny) as a function of the fluence (kJ/m?) exposed to increasing
((a) and (b)) and decreasing ((c) and (d)) plateaus (dashed lines) of UV-C irradiances (W/m?) and
the predictions (continuous lines) of the first-order biphasic model. Error bars (I) correspond to

the triplicate of each measurement.
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An important information to remember here (from the fitting of the models) is that
the primary model parameters are constant for any UV-C irradiance or time when the

experimental data are expressed as a function of the fluence because the fluence is
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calculated by the multiplication of the UV-C irradiance and the time (Equation (1)). Thus,
no secondary models and differential equations are needed to predict the moulds
inactivation, even under variable irradiances. This behaviour can be confirmed by the
observation in Figures 2 and 3, in which the biphasic curves described by the model under
constant and variable irradiances, respectively, are the same for each mould.

Table 2 shows the statistical indices of the comparison between the predictions of
the Weibull and the first-order biphasic models and the experimental data of A. fischeri
and P. niveus ascospores exposed to the variable (increasing and decreasing plateaus)
UV-C light irradiances. The first-order biphasic model, which fitted better to the
experimental inactivation data under constant irradiances than the Weibull model, also
predicted better the moulds inactivation under variable irradiances, with lower RMSE and
%Dy than the Weibull model. The better fitting of the biphasic model to the data of P.
niveus than 4. fischeri (Table 1) did not reflect better predictions of P. niveus inactivation
under variable irradiances than 4. fischeri (Table 2). The biphasic model presented higher
% By for the predictions under increasing irradiances (28.8% and 30.2%) than decreasing
irradiances (19.9% and 13.0%) due to the higher overestimation for lower fluences and
higher underestimation for higher fluences. The RMSE and %Dy of the biphasic model
predictions (between 0.539 and 0.652, and 42.91% and 73.2%, respectively) were
satisfactory when considering the RMSE and %Dy of the model fitting (0.296 and 0.308,
and 15.8% and 34.5%, respectively).

The processing times of the current study would be considered long for food
industry applications, which are a consequence of the UV-C irradiances applied in the
tested treatments. Thus, the food industry would optimize the process taking into
consideration the UV-C fluence needed to reach certain log reduction and, then, applying
higher UV-C irradiances for reducing the processing times. These can be predicted with
the results of the current study. At the same time, the user of the model should remember
that the extrapolation can lead to fail-predictions by the model, which should be validated

with new experimental data in the tested conditions.
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Table 2 — Statistical indices of the comparison between the predictions of the Weibull
and the first-order biphasic models and the experimental data of A. fischeri and P. niveus

ascospores exposed to the variable (increasing and decreasing plateaus) UV-C light

irradiances.
Mould Model Irradiance Statistical indices
RMSE %By %Dy
Weibull Increasing plateaus 1.094 47.6% 110.5%
Decreasing plateaus 1.034 35.1%  89.5%
A. fischeri
Biphasic Increasing plateaus 0.578 28.8%  55.5%
Decreasing plateaus 0.588 19.9%  42.9%
Weibull Increasing plateaus 0.997 45.4% 127.8%
Decreasing plateaus 0.852 242% 111.1%
P. niveus ) ) .
Biphasic Increasing plateaus 0.652 30.2%  73.2%
Decreasing plateaus 0.539 13.0%  62.3%

4 Conclusions

UV-C light was effective on the inactivation of A. fischeri and P. niveus spores in
apple juices. A. fischeri were more sensitive to UV-C light than P. niveus. The first order
biphasic model could describe and predict (better than Weibull model) the inactivation of
A. fischeri and P. niveus by UV-C light, which categorized moulds spore populations into
sensitive and resistant. At the same fluence, the results show that a change in the level of
irradiance or time tested did not affect the effectiveness of UV-C light for A. fischeri and
P. niveus inactivation. The information provided in this study on the inactivation of heat-
resistant moulds in apple juice exposed to different irradiance levels of UV-C is important
to design inactivation processes. Thus, future studies should focus on the optimization of
processing parameters to enable a quicker inactivation of heat resistant microbial spores.
Previous treatment with UV-C could decrease the resistance of these fungal spores to heat
and subsequently reduce the pasteurization temperatures, although this last point should

be confirmed and is currently under study.
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4.3 Modelagem de inativacio de fungos termorresistentes em suco de mac¢a nao
clarificado por luz ultravioleta UV-C

O suco de maga pode ser comercializado em diferentes formas: suco clarificado,
suco ndo clarificado, suco concentrado congelado (42 ° Brix) e suco concentrado com
alto teor de sélidos soluveis (70 ° Brix). No Brasil, a forma mais comum ¢ o suco de ma¢a
ndo clarificado. O suco ndo clarificado ndo passa por processos de clarificagdo,
tratamentos enzimaticos e ultrafiltracdo e apresenta um alto teor de particulas suspensas.

O teor de so6lidos suspensos também influencia na eficiéncia da luz UV-C. Uma
vez que a luz tem que incidir no microrganismo para causar danos no seu DNA, as
particulas suspensas podem proteger os microrganismos, principalmente por absor¢ao de
luz UV-C (KOUTCHMA et al. 2004; MURAKAMI et al. 2006). Murakami et al. (2006)
relataram que a dose de UV para atingir 4 reducdes logaritmicas de E. coli K12 em uma
solu¢do com 5,0 g/mL de particulas de suco e uma turbidez de 858,0 NTU foi 140 %
maior que para uma solucdo com particulas inferiores a 2,5 g/mL e 256,0 NTU.

Nesse contexto, o objetivo desse trabalho foi avaliar o impacto da luz UV-C na
inativacao de ascosporos P. fulvus, P. niveus € A. fischeri no suco de maga nao clarificado,
e comparar com os resultados obtidos no presente trabalho para o suco clarificado. Foram
testadas 2 cepas diferentes para cada espécie de fungo pois, mesmo entre microrganismos
da mesma espécie, pode haver diferengas quanto aos parametros de inativagdo. Possiveis
mudancas nas caracteristicas fisico-quimicas (cor, pH e teor de solidos soluveis) apos o

uso da luz UV-C também foram avaliadas.

4.3.1 UV-C light processing of cloudy apple juice: Evaluation of the impact on heat-
resistance ascospores inactivation, and some quality characteristics

Abstract

Heat-resistant ascospores can survive pasteurization treatments, and germinate/grow after
food processing, causing food spoilage. In this study, the resistance of ascospores of two
strains of three heat-resistance molds (Paecilomyces niveus, Paecilomyces fulvus and
Aspergillus fischeri) were submited to UV-C treatments (36 W/m?) in cloudy apple juice
was investigated. The kinetics of molds ascospores inactivation by UV-C were well
described by Weibull and first-order biphasic models. The UV-C light allowed the

reduction of approximately 3.6 and 3.4 log reductions for A. fischeri strains, and 3.5 for
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P. fulvus 10C 4518, in 30 min. P. niveus strains and P. fulvus CCT 0056 were the most

UV-C resistant mould, with 3, 3.2 and 3.1 log reduction in 30 min, respectively.

Keywords: UV-C inactivation; heat-resistant moulds; predictive microbiology;

Aspergillus fischeri, Paecilomyces sp.

1 Introduction

Spores of moulds Paecilomyces niveus (Byssochlamys nivea), Paecilomyces
fulvus (Byssochlamys fulva) and Aspergillus fischeri (Neosartorya fischeri) are very
resistant, can produce mycotoxins and spoil acid pasteurized fruit products (Evelyn and
Silva, 2017; Nielsen et al., 1988; Salomao et al.,2014; Santos et al., 2018; Tournas, 1994).

Thermal treatment has been used as an established conventional method for juice
preservation and is considered the most cost-effective strategy to ensure microbial safety
and shelf-stability. However, ascospores of heat resistant moulds (HRM) have the ability
to overcome thermal processing, they can last for long periods in a dormant stage until
germination and growth occurs under favourable environmental conditions. They are able
to grow in low pH, low oxygen (O2) and high carbon dioxide (CO,) atmospheres, like
acidic fruit environments (Berni et al., 2017; Evelyn and Silva, 2017; Pitt and Hocking,
2009; Salomao et al., 2007; Santos et al., 2020). Several authors detected HRMs
ascospores in raw materials and also in acid fruit after pasteurization process (Salomao et
al., 2014; Santos et al., 2018; Tranquillini et al., 2017).

The application of conventional thermal treatment may not be suficient to kill the
HRMs ascospores (Santos et al., 2018). Increased the temperature is not desirable given
the negative impact on sensory, nutrients and vitamins. Non-thermal preservation
methods, such as high pressure processing (HPP), ultrasound, pulsed electric field and
Ultraviolet-C (UV-C) light, have emerged as potential approaches to reduced/ or
substitute treatment temperatures and processing times of these beverages with less
impact on quality attributes (Cheng et al., 2020; Evelyn and Silva, 2017; Feliciano et al.,
2019a; Ferrario and Guerrero, 2017; Gouma et al., 2020; Menezes et al., 2019; Sauceda-
Galvez et al., 2019; Tremarin et al., 2017).

UV-C has been approved by the FDA as a novel technology for pasteurization of
fruit juices. UV-C light (wavelengths of 200-280 nm with 90% emission at 253.7 nm)

has a germicidal effect on microorganisms such as bacteria, yeasts, molds and virus
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(Caminiti et al., 2012; Santhirasegaram et al., 2015). The principal of germicidal
inactivation is the absorption of UV-C light results in a photochemical reaction of
neighbouring pyrimidine nucleotide bases in the same deoxyribonucleic acid (DNA)
strand. The dimer inhibits the formation of new DNA chains in the process of cell
replication and eventually may cause cell death Koutchma et al., 2009). However, this
germicidal effect is limited when foods have high amounts of cOlored compounds and
turbidity, as these render UV-penetration depths insufficient for reaching appropriate
levels of microbial inactivation (Gouma et al., 2020; Estilo and Gabriel, 2018; Gayan et
al., 2014).

In this context, the aim of this work was to evaluate the impact of UV-C light on
the inactivation of P. fulvus, P. niveus and A. fischeri ascospores and some quality
attributes in cloudy apple juice. Cloudy apple juice was inoculated with two strains of
each HRMs to determine the parameters of inactivation by UV-C light. The
physicochemical characteristics (color, pH and soluble solids content) also were

evaluated.

2 Material and methods

2.1 Spores suspension

Two different strains for each microorganisms were used: (i) Paecilomyces fulvus
IOC 4518 obtained from Oswaldo Cruz Institute (IOC) (Campinas, Brazil) and
Paecilomyces fulvus CCT 0056 from André Tosello Foundation (CCT) (Campinas,
Brazil); Aspergillus fischeri isolated and identified from an apple nectar processing line
by Salomao et al. (2007) and Aspergillus fischeri isolated from strawberry juice by
Aragdo (1989); and (iii) Paecilomyces niveus CCT 2655 obtained from the CTC and
Paecilomyces niveus isolated from apple juice. For spore’s suspensions, firstly the fungus
was inoculated potato dextrose agar plates (PDA, Kasvi®, Brazil) and incubated at 30 °C
for 30 days. Spores were prepared according to procedure described earlier (MENEZES
et al., 2019). Fungal spores were harvested by flooding the plates with sterile distilled
water and by scraping off the plates' surface with a sterile bent rod. The resulting
suspension was aseptically filtered through a 4-layer sterile gauze and centrifuged at 3500
rpm (2000 times the force of gravity) to remove any mycelial contamination. The
presence of free ascospores and asci (containing the spores) was confirmed by

microscope.
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2.2 Juice samples preparation

Cloudy apple juice was obtained from Fischer S. A. (Videira, Santa Catarina,
Brazil). The pH was determined using a calibrated pH meter (K39-2014B, KASVI,
Brazil). Total soluble solids (TSS) were determined using a digital refractometer (AR200
Reichert, USA) and the results were expressed in °Brix unit. Turbidity was measured
using a turbidimeter (HACH 2100N, Hach Company, USA).

For the inactivation experiments, each juice sample had a volume of 30 mL of
cloudy apple juice artificially inoculated with 0.1 mL of ascospores suspension to yield
the initial spore concentration of approximately 10° CFU/mL of 4. fischeri and P. fulvus
and 10* CFU/mL to P. niveus.

2.3. Physicochemical analyses

Soluble solids, pH and color parameters measurements were carried out for
untreated and UV-C treated juices.
Color

The color parameters of the cloudy apple juice samples were measured using a
computer vision system composed of one high resolution camera (AF-S DX NIKKOR
18-55 mm {/3.5-5.6G VR, Nikon®) containing a fluorescent lamp connected to an
illumination diffuser (CARDENAS-PEREZ et al., 2017). 30 mL of untreated and UV-C
treated juices samples were placed in Petri dishes for the analysis. The captures film
images were evaluated in the Color Space Converter version 4.0-ImageJ® software. The
brightness coordinate L* measures the whiteness values (L*=0 (black); L*=100 (white)),
chromaticity value a* (+a*: red; -a*: green), and the chromaticity 6* (+b*: yellow; -b*:
blue). The total color difference (4E) was calculated by the Equation 1, where AE is the
total color difference between the treated and the untreated juice, Lo*, ao™* and bo* are
color parameters of the untreated juice; and L*, a* and b* are color parameters after 30

min of treatment. 4E indicates the magnitude of the colour change during the process.

AE = \/(L* - Lo*)z + (a* —ap*)? + (b* — bo*)z (D

2.4 Inactivation treatments
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UV-C treatments was conducted using a customised chamber for UV-C
irradiation with five germicidal lamps, three of 15 W (TUV 15W/G15 T8, Philips,
Holland) and two of 32 W (Dulux HNS L23W, OSRAM, Germany) with radiation peak
at 254 nm wavelength at a lamp-to-sample surface distance of 20 cm. The Petri dishes
with the inoculated juice (deepness of 4 mm) was exposed to UV-C light while stirring
continuously using a magnetic stir plate (IKA, BIG SQUID White). The UV-C irradiance
was determined using a UV-VIS radiometer (DELTA OHM HD 2302.0, Italy). UV-C
fluences (UV-C doses) were calculated by multiplying the UV-C irradiance (36 W/m?)
by the exposure times (0 to 30 min). The UV lamp was switched on for about 30 min
before the UV-C treatments to minimize irradiance fluctuations. Three replicates of each
treatment were performed.

Appropriate decimal dilutions in 0.1% (w/v) sterile buffered peptone water were
analysed by pour plating. 1 mL of each dilution was transferred to sterile Petri dishes with
PDA agar (Potato, Dextrose, Agar) broth (Kasvi®, Brazil). The plates were incubated at
30 °C for 3-5 days to colony enumerations. Plates with 20 to 100 colonies were used for

enumeration.
2.5 Mathematical modeling

The Weibull (Mafart et al., 2001) and the first-order biphasic (LEE et al., 2001)
models were fitted to the experimental data of survival ascospores to estimate the
inactivation parameters. The experimental data, expressed as mean + standard deviations
(SD), were transformed to logarithmic microbial survival ratio (log N(d)/Ny), in which N
is the spore counts (CFU/mL) in the juice after UV-C treatment at a specific d (fluence
(kJ/m?) or time (min)), and Ny (UFC/mL) is the initial number of ascospores before the
treatment.

The Weibull model is written in the decimal logarithmic form as shown in
Equation (2), in which § (kJ/m?) is a scale factor called time of first decimal reduction
and p (dimensionless) is a shape.

05 (42) = - &) g

The first-order biphasic model is written in the decimal logarithmic form as shown

in Equation (3), in which k; (m?/kJ or 1/min) and k> (m*/kJ or 1/min) are the inactivation

rates of the sensitive and resistant population, respectively, and f (dimensionless) is the
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fraction of the sensitive population. This model consists of two fractions that follow
independently first-order kinetics, characterized by two different constant rates (Cerf,

1977).

log (2) = log(f1071¢ + (1 = /)107=) 3)

The coefficient of determination (R?, Equation (4)) and Root Mean Squared Error
(RMSE, Equation (5)) statistical indices were used to evaluate the goodness-of-fit of the
inactivation models, in which y,,,..q; are the i"™ predicted data by the models, y,ps; are
the i™ experimental observations, ¥ is the mean of the observations, n is the number of
experimental data and p is the number of model parameters. RMSE values close to zero

and R’ values close to one indicate the adequacy of the model to describe the survival

data.
RZ=1-— Z?:1(ypred,i_yobs,i)2 (4)
Z?:l(yobs,i—l_/)z
n L . 2
RMSE = \/21_1(3’pr:i,; yObS,l) (5)

3 Results and discussion

3.1. Physicochemical characteristics

The effects of 30 min of UV-C light at the irradiance of 36 W/m? exposure were
evaluated in terms of color parameters, soluble solids content and pH (Table 1). No
significant changes were obtained between treated and untreated cloudy apple juices.
Several authors pointed out that UV-C light did not affect the pH, color or SST of different
fruit juices (Caminiti et al., 2012; Hernandez-Carranza et al., 2016; Riganakos et al.,
2017; Shamsudin et al., 2014; Usaga et al., 2015). The turbidity value was >1000 NTU

(device detection limit).
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Table 1- Physicochemical parameters (£ 95% confidence interval) of untreated and

UV- C treated cloudy apple juice.

Juice L* a* b* AE SST pH
Untreated 91.13% -3.24*  14.17% - 11.78% 3.62%
+0.34 +0.16 +0.85 (£0.12) (0.03)
UV-C for 30 min  90.92* -3.04*  12.99° 1.22 11.78% 3.63%

03 02  +1.07 +0.76 (£0.11)  (20.04)

Different letters indicate statistically significant differences (p < 0.05).

3.2 Ascospores inactivation by UV-C

Figure 1 shows the experimental data of P. mniveus, P. fulvus and A. fischeri
ascospores inactivation in cloudy apple juice (log (N/Ny)) exposed to UV-C light
irradiance (36 W/m?) as a function of fluence (kJ/m?) and the fitting of the Weibull and
first-order biphasic model.

In general, P. niveus and P. fulvus strains were more resistant than those of and 4.
fischeri. The UV-C treatment allowed the reduction of approximately 3.5 logs of the
initial contamination of A4. fischeri (from strawberry and apple) and P. fulvus 10C 4518,
both after 30 min exposure. P. niveus (from apple) was the most resistant with 3 logs
reduction at the same time. It is expected that the inactivation of bacterial spores in media
of high absorptivity or higher presence amounts of suspended solids will be more
difficult. Menezes et al. (2020) studied the effect of UV-C light on inactivation of 4.
fischeri and P. niveus ascospores in clarified apple juice (12 °Brix, 0,88 NTU) at UV-C
irradiance of 36 W/m?. Reductions of 5.7 and 4.2 logs of A4. fischeri and P. niveus,
respectively, were attained after 10 min of exposure. Suspended particles can negatively
affect the lethal efficacy of UV-C treatment, solids could absorb part of the UV-C light
energy applied to the product and therefore reduce the amount of energy available for the
inactivation of microorganisms (Estilo and Gabriel, 2018; Murakami et al., 2006; Usaga
et al., 2015). Significant influences of suspended particles on the UV-C absorption in
model liquid solutions were reported by Koutchma et al. (2004) to be due to light
scattering by apple particles.

96



Figure 1 — Experimental data (symbols) of ascospores inactivation in cloudy apple juice
(log N/Ny) exposed to UV-C irradiance (36 W/m?) as a function of the fluence (kJ/m?). a)
P. fulvus CCT056 (0) and P. fulvus I0C4518 (®). b) P. niveus CCT2655 (#) and P. niveus
isolate from apple (Q). ¢) A. fischeri isolate from apple (0) 4. fischeri isolate from
strawberry (m). The lines represent the fitting of the first-order biphasic (==) and Weibull

(- - -) model to the data. Error bars (I) correspond to the triplicate of each measurement.
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Estilo and Gabriel (2018) studied the influence of soluble and insoluble solids,
and treated volume on the UV-C resistance of Salmonella enterica. The authors found, at
the same soluble solids (14 °Brix) and treated volume (402 mL) an increase of more than
60% of the Dyv.c-value (mJ/cm?) (fluence necessary to reduce the population by 1 log
cycle (90%)). The Duv-c results obtained were 11.8 and 19 (mJ/cm?) for 0.6 and 2.39 %
os insoluble solids, respectively in simulated fruit juices.

As observed, the fitting of experimental data with the Weibull and first-order
biphasic models were adequate since the determination coefficient (R?) and RMSE were,
in general, higher than 0.982 and lower than 0.143, respectively. The survival curves
presented in Fig. 1 showed non-linearity and an upward concavity (p< 1, tailing) (Table
1), except for A. fischeri isolate from apple (p=1). Non-linearity is more frequent for
mould spore inactivation, and Weibull, first order biphasic (two fractions), fractional
conversion or second order polynomial models are usually used to describe microbial
inactivation (Evelyn and Silva, 2017; Menezes et al., 2019; Menezes et al., 2020;
Sant’Ana et al., 2009; Santos et al., 2018; Silva, 2019). The presence of tails could
indicate the presence of resistance sub-population. The scale parameter (o) (UV-C fluence
for the first decimal reduction) obtained in this study was 20.4 and 12.9 kJ/m?, to 4.
fischeri isolate from apple and P. niveus CCT2655, respectively. This parameters were
higher than that observed in clarified apple juice for the same microorganisms under the
same treatment conditions (0.28 and 0.54 kJ/m?) (Menezes et al., 2020). Murakami et al.
(2006) explained that high contents of insoluble solids can lead to a seeming layering of
light penetration, causing the portion of the product closest to the UV-light source being
sterilized effectively while the farther portion may not be effectively dosed. A solution
for the antimicrobial efficacy improved could be introducing a more powerful turbulent
flow, or use of hurdle approaches combining UV-C light with conventional and
alternative non-thermal technologies.

The UV-C fluence for the first decimal reduction parameter, J, is indicative for
the fluence necessary for microbial inactivation. In this study, it ranged from 9 to 20.4
kJ/m?. As can be seen in Table 2, the P. fulvus CCT 0056, P. fulvus and A. fischeri isolated
from apple were more resistant strains. Variability between the A. fischeri isolates was
more pronounced. Although the two strains of showed a similar reduction at the end of
treatment, the initial fluence for the first decimal reduction for A. fischeri (apple) (20.4
kJ/m?) was significantly higher than that of A. fischeri (strawberry) (9 kJ/m?). The others

strains also present variability in the inactivation parameters. Santos et al. (2018) studied
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the heat resistance of different strains of P. fulvus and P. niveus and also find significantly
difference between the strains.

New technologies as UV-C light have been investigated to supply consumer’s
demand for fruit products with high sensorial quality and less chemical preservatives has
challenged the fruit processing industry. However, factors such as the juices
characteristics like absorption and insoluble solids suspends and the variability in the

microorganism’s resistance should be considered.

4 Conclusions

UV-C radiation can be considered as a promising non-thermal alternative for heat
resistant molds inactivation in cloudy apple juice. Thirty minutes of exposure allowed
attaining 3.6 log reduction for A. fischeri and 3.5 for P. fulvus IOC 4518. Despite the
limited number of strains used, diferences were observed between them, mainly with
respect to the time for the first decimal reduction (6). The Weibull and Biphasic model
were adequate in fitting survival data of HRMs and the model parameters allowed
comparing shape of the curves.

The eficacy of UV-C inactivation was highly influenced by insoluble solids
suspends, with a decreased of inactivation when compared with clarified apple juice. The

negative effect of suspedend solids could be lightened by using combined treatments.
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Table 2 — Parameters (+ 95% confidence intervals) estimated by the fitting of the Weibull and the first-order biphasic models to the survival data

of A. fischeri, P. fulvus and P. niveus ascospores exposed to UV-C light as a function of the fluence (kJ/m?) and the statistical indices.

Mould Model Parameter Statistical indices
o p f ki k> R? RMSE
. 9.00 0.663 0.995 0.085
A fischeri ooyl (+1.52) (+0.05)
strawberry L 0.9859 0.0872 0.0285 0.998 0.049
Biphasic
(+0.02) (*0.01) (*0.01)
Weiball 20.47 1.092 0.995 0.084
A. fischeri (£1.94) (£0.08)
(apple) L 0.7950 0.0531 0.0531 0.995 0.104
Biphasic (£0.09) (£0.02) (£0.03 )
. 15.24 0.787 0.982 0.143
P. niveus Weibull (#3.5) (0.11)
(apple) L 0.9989 0.0601 0.0000 0.996 0.071
Biphasic (£0.003) (£0.01 ) (£0.05 )
. 12.94 0.736 0.989 0.124
P. niveus Weibull (+3.39) (*0.15)
CCT2655 .. . 0.9336 0.0800 0.0313 0.991 0.103
P (0.09) (+0.05) (+0.03)
. 10.46 0.685 0.991 0.111
P. fulvus Weibull (£ 2.65) (*0.11)
AOC4518) L. . 0.9011 0.1078 0.0380 0.994 0.090
P (+0.062) (+0.06) (*0.01)
. 16.2 0.824 0.992 0.107
P. fulvus Weibull (+2.91) (*0.12)
(CCT 0056) . 0.5268 0.1882 0.0434 0.993 0.095
1phasic (+0.19) (+0.10) (+0.01)
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4.4 Efeito do tratamento combinado de luz ultravioleta (UV-C) e tratamento térmico

na inativacio de fungos termorresistentes em suco de macga clarificado

Visando reduzir as temperaturas normalmente aplicadas aos tratamentos térmicos,
0 uso de tratamentos combinados vem sendo estudado. A combinagdo de diferentes
tecnologias e métodos permite que o tempo e temperatura de processamento sejam
diminuidos (EVELYN; SILVA, 2018). Uma tendéncia em preservagdo de alimentos,
conhecida como teoria de obstaculos, envolve a aplicacdo de métodos ndo térmicos
combinados com a preservacdo convencional (temperatura, atividade de agua, pH)
(CAMINITI; NOCI; et al., 2012). Os métodos combinados podem reduzir as temperaturas
e/ou os tempos de processamento para esporos bacterianos/fungos, leveduras e bactérias.

Os resultados apresentados nas segdes anteriores demostraram que os fungos
termorresistentes podem ser inativados por tratamentos com luz UV-C e que, a
temperatura ambiente, esse tipo de tratamento apresentou melhores resultados quando
comparado a outras tecnologias como a HPP e o ultrassom para o suco de frutas
encontradas na literatura.

Neste contexto, o objetivo deste capitulo foi estudar a influéncia dos tratamentos
combinados de UV-C e calor na inativagdo de ascosporos de A. fischeri e P. fulvus em
suco de maca clarificado. O uso de UV-C e tratamento térmico foi comparado com o
tratamento térmico e luz UV-C, aplicados isoladamente. Os resultados complementares

sdo apresentados no item 4.4.2.

4.4.1 Inactivation of ascospores of Aspergillus fischeri and Paecilomyces fulvus by
UV- C, thermal tratament and their combination in clarified apple juice

Abstract

The aim of this study was to analyze the effectiveness of UV-C light (36 W/m?) its
combination with heat treatments (HT) for the inactivation of Aspergillus fischeri and P.
niveus ascospores in clarified apple juice, mould species that can cause food spoilage in
pasteurized fruit juice. The combined treatments tested: UV-C + HT - the juice was
exposed to 0.72 min at UV-C irradiance of 36 W/m? (fluence of 1.56 kJ/m?), and then to
the temperature (86.5 or 89 °C) for times between 1 and 25 min. The single treatments
were also tested. Weibull model was fitted to experimental data. The results of the UV-C

light treatment for A. fischeri and P. fulvus ascospores in apple juice showed more
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microbial reduction than thermal treatment at 86.5 and 89 °C. Decimal reductions of both
strains significantly increased when UV- C was applied before the thermal treatment.
When the UV-C was applied first, the 6 parameter (time of first decimal reduction in the
population of surviving spores) decrease for 3.5 and 8.72 for A. fischeri and P. fulvus,

respectively, compared to 11.5 and 8.72 for the heat treatment alone.

Keywords: UV-C inactivation; thermal process; heat-resistant moulds; predictive

microbiology; Aspergillus fischeri; Paecilomyces fulvus.

1 Introduction

Paecilomyces fulvus and Aspergillus fischeri are heat resistant moulds (HRMs).
They produce ascospores with high tolerance to thermal process and adverses
enviromental conditions (low pH, low oxigeny partial pressures) (Evelyn and Silva, 2017;
Nielsen et al., 1988). The ascospores could survive at the thermal treatment and be active
from dormant state, which may result in germination, compromising the microbial
stability and safety of processed fruit products (Berni et al., 2017; Salomao et al., 2007).

The interest in non-thermal preservation techniques is growing because of the
increasing consumer demand for healthier foods and fresh foods, with high quality and
nutrients. UV-C radiation is one of the most studied non-thermal tecnologies for juice
pasteurization due to its ability to inactivate a wide range of microorganisms, with
minimal impact on juice quality and at a lower cost. However, UV-processing is limited
when foods have high amounts of colored compounds and turbidity (Gouma et al., 2020).

A trend in food preservation, the hurdle approaches, involves the application of
non-thermal methods combined with conventional preservation (temperature, water
activity, pH) (Caminiti et al., 2012). In a hurdle technology, microorganisms are
inactivated by the accumulation of various injuries due to several mild inactivation
factors, and not just due to a single severe inactivation factor (Gabriel et al., 2018). The
combination of different technologies and methods allows the processing time and
temperature to be reduced. Many studies have evaluated the use of different non-thermal
technologies and their combination with heat (high pressure assisted by heat,
thermosonication, UV-C and heat) for microbial inactivation in food (Caminiti et al.,
2012a; Evelyn and Silva, 2015; Evelyn and Silva, 2018; Gabriel et al., 2018; Gayan et
al., 2016; Gouma et al., 2015; Gouma et al., 2020; Shahbaz et al., 2016; Tremarin et al.,

106



2017). These combined methods reduced temperatures and/or processing times for
inactivation of bacterial spores/fungi, yeasts and bacteria.

In this context, the aim of this work was to study the effect of different treatments
of UV-C, thermal process and their combination on the inactivation of ascospores of A.
fischeri and P. fulvus into clarified apple juices. A single thermal and UV-C treatments
were also tested. Additionally, physical injuries caused in the structure of the ascospores
were analysed by scanning electron microscopy. The inactivation rates were assessed,

and the impacts of each treatment were compared.

2 Material and methods

2.1 Spores suspension

Paecilomyces fulvus 10C 4518 was obtained from Oswaldo Cruz Institute
(Campinas, Brazil) and Aspergillus fischeri isolated and identified from strawberry pulp
(Aragdo, 1989). For spore’s suspensions, firstly the fungus was inoculated in potato
dextrose agar plates (PDA, Kasvi®, Brazil) and incubated at 30 °C for 30 days. Spores
were prepared according to procedure described earlier (chapter 3, section 3.1.1)
(Menezes et al., 2019). Fungal spores were harvested by flooding the plates with sterile
distilled water and by scraping off the plates' surface with a sterile bent rod. The resulting
suspension was aseptically filtered through a 4-layer sterile gauze and centrifuged at 3500
rpm (2000 times the force of gravity) to remove any mycelial contamination. The
presence of free ascospores and asci (containing the ascospores) was confirmed by

microscope.

2.2 Juice samples preparation

Concentrated clarified apple juice (70.5 £ 0.1 °Brix) obtained from Fischer S. A.
(Videira, Santa Catarina, Brazil) industry was adjusted to 12 °Brix (refractometer AR200
Reichert, USA) by dilution with distilled water. The UV absorption coefficient (¢) of the
apple juice was determined from the slope of the absorbance vs. increasingly diluted juice
sample in sterile water. UV-C absorbance measurements were conducted at 254 nm in 1-
cm light path quartz cuvettes on a UV-VIS spectrophotometer (U-2900, Hitachi)
(Feliciano et al., 2019).
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2.3 Inactivation treatments

UV-C treatments was conducted using a customised chamber for UV-C irradiation
with seven germicidal lamps, four of 15 W (TUV 15W/G15 T8, Philips, Holland) and
three of 32 W (Dulux HNS L23W, OSRAM, Germany) with radiation peak at 254 nm
wavelength at a lamp-to-sample distance of 20 cm. The Petri dishes with the inoculated
juice (deepness of 4 mm) was exposed to UV-C light while stirring continuously using a
magnetic stir plate (IKA, BIG SQUID White). The UV-C irradiance was determined
using a UV-VIS radiometer (DELTA OHM HD 2302.0, Italy). UV-C fluences (UV-C)
were calculated by multiplying the UV-C irradiances (36 W/m?) by the exposure times.
The UV-C lamp was switched on for about 30 min before the UV- C treatments to
minimize irradiance fluctuations. For the experiments, aliquots (0.1 mL) of each
ascospores suspension were inoculated into 30 mL of apple juice to yield the initial spore
concentration of approximately 5 and 4 log CFU/mL of A. fischeri and P. fulvus,
respectively. Samples of 1 mL were taken at different exposure times until a maximum
of 20 min.

Heat treatment (HT), was carried out in a thermostatic water bath. The samples
were stirrer to increase the heat transfer and to provide a homogeneous distribution of the
microorganisms inside the medium. A thermocouple connected to a data logger was
inserted into a three Mouth Set Bottle (250 mL) with 49 mL apple juice to obtain the time-
temperature profile. A volum of 0.1 mL of spore’s suspensions were inoculated at a level
of approximately 5 and 4 log CFU/mL for A. fischeri and P. fulvus, respectively, in 50
mL of apple juice (pH 3.8) preheated to proper temperatures (86.5 and 89 °C). The
decrease of the temperature after inoculation and for taken the samples during the
experiment was negligible (a maximum of 0.5 °C); thus, the treatment was considered
isothermal.

The combined treatments were also tested: UV-C + HT - the juice was exposed to
0.72 min at UV-C irradiance of 36 W/m? (fluence of 1.56 kJ/m?), and then to the
temperature (86.5 or 89 °C) for times between 1 and 25 min.

Appropriate decimal dilutions in 0.1% (w/v) sterile buffered peptone water were
analysed by pour plating. I mL of each dilution was transferred to sterile Petri dishes with
PDA agar (Potato, Dextrose, Agar) broth (Kasvi®, Brazil), supplemented with 50 mg/L
Bengal rose and 100g/L tartaric acid soluction until reaching pH 3.5. The plates were

incubated at 30 °C for 3-5 days to colony enumerations. Plates with 20 to 100 colonies
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were used for enumeration. Each death kinetic experiment was performed twice, and the
data were combined to increase the number of raw data points and minimize the weight

of outliers during the modeling process.
2.4 Kinetic modeling of the inactivation

The Weibull (Mafart et al., 2001) (Equation (1)) model was fitted to the
experimental data of survival ascospores to estimate the inactivation parameters. The
experimental data, expressed as mean + standard deviations (SD), were transformed to
logarithmic microbial survival ratio (log N(#)/Ny), in which N is the spore counts
(CFU/mL) in the juice after UV-C and/or heat treatment at a specific ¢ (time (min)), and
No (UFC/mL) is the initial number of ascospores before the treatment.

00 (32) =~ ¢ g
o0 (min) is a scale factor called time of first decimal reduction and p (dimensionless) is a
shape parameter (p<1 and p>1 correspond to concave upwards and concave downwards
survival curves, respectively, and p = 1 correspond to the simple first-order linear
model).

The coefficient of determination (R’, Equation (2)) and Root Mean Squared Error
(RMSE, Equation (3)) statistical indices were used to evaluate the goodness-of-fit of the
inactivation models, in which y,..q; are the i"™ predicted data by the models, y,,s; are
the i™ experimental observations, ¥ is the mean of the observations, n is the number of
experimental data and p is the number of model parameters. RMSE values close to zero

and R’ values close to one indicate the adequacy of the model to describe the survival

data.
Ti (y redi_YObsi)z
RZ =1 - 1\Vpred, : )
z:?=1(yobs,i—37)2 ( )
n o . 2
RMSE = \/21_1(ypr1:d_.; Yobs,i) (3)

The fit function of the curve fitting toolbox of the Matlab R2013a (MathWorks®,
Natick, USA) was used to fit the survival model (Equation (1), as a function of the time)
to the experimental data under constant irradiances and to estimate the model parameters

(and their confidence intervals).
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2.5 Scanning electron microscopy (SEM)

Samples colleted from different treatments (UV-C, HT and UV-C+HT) were
centrifuged at 1500g for 10 min and the supernatant was discarded. The pellets were
washed with 0.1M phosphate buffer and resuspended in 2 mL of glutaraldehyde (2.5g/100
mL) for 2h; washed with 0.1M phosphate buffer for 3 times, washed well with distilled
water, dehydrated with alcohol and fixed in filter paper. Samples were mounted on
aluminium stubs covered with adhesive carbon films, coated with a gold layer and
observed using a scanning electronic microscope (JEOL JSM-6390LV, Japan). Non-

treated cells were fixed following a similar procedure and served as a control.

3 Results and discussion

Experimental inactivation data of 4. fischeri and P. fulvus ascopores in clarified
apple juice, applying single UV-C treatment are shown in Fig. 1. The thermal treatment
(86.5 or 89 °C), and combination of treatments UV-C + H, are shown in and Fig 2. All
data are expressed in terms of log (N/Ny) to avoid the influence of the initial microbial
loads. With respect to thermal processing, A. fischeri was submitted to thermal treatment
at the same temperature than P. fulvus (86.5 °C) (data not showed), however there was
not even 1 log reduction after 25 min, then a higher temperature was adopted to 4. fischeri
inactivation (89 °C). Pitt and Hocking (2009) reported that the degree of heat-resistance
of A. fischeri (former N. fischeri) ascospores is close to that of many bacterial spores and
is higher than Byssochlamys spp. ascospores. The 89 and 86.5 °C thermal process was
able to inactivate almost 3 logs of 4. fischeri and P. fulvus ascospores in apple juice after
25 min, respectively. Sant’Ana et al. (2009) studied the inactivation of P. fulvus (former
Byssochlamys fulva) in clarified apple juice (11 °Brix) and obtained 5 logs reduction after
90 min and 20 min of thermal process at 85 °C and 90 °C, respectively.
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Figure 1 — Experimental data (symbols) of A. fischeri (o) and P. fulvus (A) ascospores
inactivation in apple juice (log N/Ny) exposed to UV-C irradiance (36 W/m?) as a function of the
time (min). The lines represent the fitting of the Weibull model to the data. Error bars (I)

correspond to the duplicate of each measurement.
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The results of the UV-C light treatment for A. fischeri and P. fulvus ascospores in
apple juice showed more reduction than thermal treatment at 86.5 and 89 °C and other
methods, as reported in the literature. When UV-C radiation was applied, 5 and 4 logs
reductions were obtained after 8 min of treatment, for A. fischeri and P. fulvus,
respectively. Previous studies also reported more inactivation of UV-C light compared to
thermal process (Menezes et al., 2020 (section 4.2.1); Menezes et al., 2019 (section 4.1.1);
Tremarin et al., 2017).

The inactivation curves presented a non-linear shape. The Weibull model was able
to describe A. fischeri and P. fulvus inactivation and showed the good fitting, confirming
the performance through statistical indexes and estimated parameters (6 and p), presented
in Table 1. The estimated Weibull p parameters were less than 1 for UV-C inactivation,
indicating that the ascospores survivor curves were concave upward (Fig 1). This shows
that is a more rapid rate of decline at the start followed by subsequent slower rate of
destruction. Others authors also using Weibull model and find this curve shape for non-
thermal technologies like UV-C and high pressure thermal processing (Menezes et al.,
2019; Evelyn and Silva, 2017; Evelyn et al., 2016) for heat resistance molds. For heat
inactivation the curves were characterized by p>1, whith the presence of a shoulder

followed by a fall in the survivor counts (Fig 2).
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Figure 2 — Experimental data (symbols) of A. fischeri (a) and P. fulvus (b) ascospores inactivation
in apple juice (log N/No) exposed to: (o) HT (89 °C); (e) UV-C + HT (0.72 min at 36 W/m?* +
89 °C); (A) HT (86.5 °C); (A) UV-C + HT (0.72 min at 36 W/m? + 86.5 °C). The lines represent
the fitting of the Weibull model to the data. Error bars (I) correspond to the duplicate of each

measurement.
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The o parameter of the Weibull model (Equation 1) represents the first decimal
reduction in the population of surviving spores. The combined treatment UV-C for 0.72
min at UV-C irradiance of 36 W/m? (fluence of 1.56 KJ/m?) followed by heat (86.5 and
89 °C) resulted in higher inactivation than heat treatment alone, with reduction of the time
for the first decimal reduction for both molds. When the UV-C was applied first, the 6
parameter decrease for 3.5 and 8.72 for A. fischeri and P. fulvus compared to 11.5 and
15.52 to heat treatment alone, respectively. Based on the results, it can be concluded that

the combination of UV-C followed by heat treatments have synergistic effect on
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ascospores inactivation. Gabriel et al. (2018) studied the effects of the combined
treatment of UV-C and heat on the inactivation of Escherichia coli, Salmonella enterica
and Listeria monocytogenes in liquid coconut endosperm. The application of heat alone
resulted in a 3 log reduction of and the combined treatment resulted in a reduction of 5.6
to 6.2 log for the microorganisms tested. Gouma et al. (2020) evaluated the UV-C+HT
treatment on the inactivation of Escherichia coli O157:H7 in carrot juice. When combined
with heat, UV- C inactivation (3.92 J/mL, 3.6 min) of E. coli O157:H7 increased to 4.3
and 5.3 log at 50 °C and 60 °C, respectively, while heat alone (3.6 min) scarcely reduced
survival (0.1 and 0.9 log at 50.0 °C and 60.0 °C, respectively).

Table 1 - Parameters (= 95% confidence intervals) estimated by the fitting of the Weibull model
to the survival data of 4. fischeri and P. fulvus ascospores submitted to single and combined UV-

C light and Heat treatments as a function of the time (min) and the statistical indices.

Mould Treatment Parameter Statistical indices
) p R’ RMSE
A. fischeri  HT (89 °C) 11.56 (£0.89) 1.5+(0.32) 0.98 0.102
UV-C+HT  3.52 (+£0.48) 1.65 (x0.89)  0.99 0.070
UV-C 0.122 (0.20) 0.4 (+0.17) 0.97 0.403
P. fulvus HT (86.5°C) 15.52(+1.42) 2.03(+0.44) 0.99 0.106
UV-C+HT  8.72 (£0.69) 1.31(x0.24)  0.99 0.088
UV-C 0.58 (+0.81) 0.53 (#0.28)  0.92 0.522

Fig. 3 and 4 shows the results of scanning electron microscopy of untreated, UV-
C, HT and UV-C+HT treated for A. fischeri and P. fulvus ascospores in clarified apple
juice, respectively. As shown in Fig. 3-a and 4-a, control cells structures appeared intact.
For A. fischeri on Fig. 3-b and c, cells structures present visible changes such as
deformation and compressed spines after UV-C and HT treatment, respectively. The
ascospores of A. fischeri showed more thermal resistance than P. fulvus, consequently P.
fulvus presented more deformations and membrane ruptures (Fig. 4-c). Regarding to the
UV-C+HT treated cells, were observed serious damages, such as rupture of wall cells,
indicating higher severity of the UV-C+HT treatment compared to the single one (Fig. 3-
d and 4-d). Although UV-C was more efficient in ascospores inactivation when compared
with the applied HT treatment, it did not cause a lot of visible changes on cell wall

structures. This may confirm that the type of damage caused by UV-C is not physical, but
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at a molecular level causing alterations in DNA. Garcia et al. (2018) evaluated structural
damages of Saccharomyces cerevisiae inoculated in carrot-orange juice and treated with
UV-C (UV- C, 0to 10.6 kJ/m2) assisted by mild heat treatment (50 °C) and also observed

more damage to the cells walls in combined treatment compared to the single ones.

Figure 3 - Scanning electron micrographs of 4. fischeri submitted to different treatments:
a) untreated control, b) UV-C (36 W/m?), ¢) HT (89 °C), and d) combined treatment of
UV-C+HT.

LEMEFSC

Figure 4 - Scanning electron micrographs of P. fulvus submitted to different treatments: a)

untreated control, b) UV-C (36 W/m?), ¢) HT (86.5 °C), and d) combined treatment of UV-C+HT.
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4 Conclusions

A. fischeri and P. fulvus ascospores could be inactivated by both technologies,
UV-C and HT. A combined UV-C+HT treatment (previous UV-C by the fluence of 1.56
kJ/m?> + HT) helped to achieve even higher reductions of A. fischeri and P. fulvus
ascospores at lower temperatures compared with heat treatments alone, so an additive
lethal effect between both technologies could be observed.

The combination of these technologies could have a lower impact in the nutritional
and quality properties of fruit juices than in those treated by the current heat-based

technologies.
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4.4.2 Resultados completares

A cinética de inativagdo de ascosporos de A. fischeri e P. fulvus em suco de maca
aplicando tratamento térmico (86.5 °C para P. fulvus ¢ 89 °C para A. fischeri por 2 min)
seguido de luz UV-C (36 W/m?) (tratamento térmico + UV-C), bem como os ajustes do
modelo Bifasico aos dados experimentais podem ser visualizados na Figura 1. As curvas
de inativacdo de A. fischeri e P. fulvus utilizando apenas o tratamento por luz UV-C

também sdo apresentadas na Figura 1.

Figura 1 - Inativagdo de ascosporos de A. fischeri (a) e P. fulvus (b) em suco de mag¢ad nas
seguintes condi¢des experimentais: (o) UV-C (36 W/m?); (e) Tratamento térmico (89 °C/2 min)
+ UV-C (36 W/m?); (A) UV-C (36 W/m?); (A) Tratamento térmico (86,5 °C/2 min) + UV-C
(36 W/m?). As linhas continuas representam o ajuste do modelo Bifasico aos dados esperimentais.

(D) correspode ao desvio padréo da duplicate dos experimentos.
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O modelo de Weibull e 0 modelo Bifasico foram ajustados aos dados. O modelo
Bifasico apresentou melhor ajuste, como pode ser observado na Tabela 1. Ao contraro do
que foi observao no item 4.4.1, em que a aplicagdo de tratamento UV-C antes do
tratamento térmico permitiu uma maior inativagao dos ascosporors de ambos os fungos,
a aplicag@o inicial de tratamento térmico ndo afetou a velocidade de inativacdo dos
ascosporos pelo tratamento por UV- C. Como os ascOsporos sdo termorresistentes, o
tempo e a temperatura aplicados ndo foram suficientes para sensibilizar os ascosporos

para o tratamento por UV-C.
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Tabela 1 - Parametros e indices estatisticos obtidos pelo ajuste dos modelos de Weibull e Bifasico aos dados de inativagdo de ascoporos de P.

fulvus e A. fischeri, em suco de maca (12 °Brix), submetidos ao tratamento por UV-C (36 W/m?) e ao tratamento térmico (86.5 °C para P. fulvus
e 89 °C para A. fischeri — 2 min) seguido de UV-C (36 W/m?).

Fungo Tratamento Modelo Parametro Indices estatisticos
6 p f ki k> R? RMSE
Weibull 0,12 (£0,2) 0,40 (£0,2) 0,97 0,402
UV-C Bifasico 0,9996 438 (£0,3) 0,55 (x0,1) 0,99 0,014
(+£0,0002)
A. fischeri
Weibull 0,48 (£0,3) 0,92 (£0,5) 0,97 0,403
TTHUV-C  Bifssico 0,9998 5 (£1,3) 0 0,98 0,104
(£0,003)
Weibull 0,58 (£0,7) 0,53 (£0,2) 0,92 0,522
UV-C Bifasico 0,9992 2,92 (0,4) 0,29 (£0,1) 0,99 0,059
(+0,0008)
P. fulvus
Weibull 0,75 (£0,4) 0,66 (£0,3)
TT+UV-C  Bifssico 0,9944 2,71 (0,9) 04 (£1,8) 0,97 0,066
(+0,04)
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CAPITULO 5 - CONCLUSOES

A partir dos resultados obtidos neste trabalho foi possivel concluir que:

-A velocidade de inativagdo de A. fischeri por luz UV-C ¢ influenciada pela
concentragdo de solidos soliveis, mas, para todas as concentragdes testadas (12, 25, 30,
40, 50, 60 e 70 °Brix), o minimo de 4 redugdes decimais foram alcangadas em até 30 min.
O modelo de Weibull pode descrever a inativagao de 4. fischeri por tratamento com UV-
C, sendo que a influéncia da concentragdo de solidos nos paramentros de forma (p) e
escala (0) pode ser predita pelo modelo secundario da raiz quadrada.

- A inativagdo dos ascosporos de A. fischeri e P. niveus foi obtida em todas as
irradiancias estudadas (6,5, 13, 21 e 36 W/m?) e pode ser descrita pelos modelos Bifésico
e de Weibull.

- A mativacao dos microrganismos testados mostrou ser dependente apenas da
fluéncia UV-C, independentemente da irradidncia ou tempo de exposicdo. Assim, os
parametros dos modelos primarios podem ser expressos apenas em fun¢ado da fluéncia e
utilizados como um modelo dinamico em condigdes de irradiancias variaveis. O modelo
proposto foi validado em 2 condi¢des de irradiancias variaveis e o modelo Bifasico pode
descrever e predizer, melhor do que o modelo de Weibull, a inativacao de A. fischeri e P.
niveus pela luz UV-C.

-A inativacao das duas cepas de ascoporos de cada espécie de A. fischeri, P. niveus
e P. fulvus testada foi bem descrita pelos modelos de Weibull e Bifasico para o tratamento
por luz UV-C em suco de maca ndo clarificado. A presenca de solidos insolaveis reduziu
a eficacia da luz UV-C quando comparada a inativagao em suco clarificado.

-O tratamento combinado de UV-C seguido de tratamento térmico aumentou a
velocidade de inativagdo dos fungos filamentosos termorresistentes, quando comparado
ao tratamento térmico tradicional. J4 o tratamento térmico prévio ao tratamento UV-C
ndo tevve impacto na velocidade de inativagdo dos fungos filamentosos termorresistentes,
quando comparado ao tratamento por UV-C isolado.

Os resultados obtidos neste trabalho podem contribuir para a aplicagao da luz UV-
C na industria de sucos de frutas, fornecendo parametros para a reducao das temperaturas
de pasteurizagdo e de esterilizagdo aplicadas pela industria, por meio da aplicagdo da
UV- C associada ao tratamento térmico ou mesmo de maneira isolada, visando a

inocuidade, qualidade microbiologica, sensorial e nutricional do produto.
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CAPITULO 6 - SUGESTOES PARA TRABALHOS FUTUROS

- Fazer andlises dos teores de compostos fenolicos e antioxidantes antes e depois
do tratamento UV-C e nos tratamentos combinados de UV-C e calor.

- Testar o tratamento combinado e simultdneo em outras temperaturas de
aquecimento.

- Utilizar irradiancias de UV-C maiores a fim de reduzir os tempos de inativagao.

- Avaliar outros parametros, como o escoamento, fluxo e tamanho de particulas
para a inativagdo de sucos turvos.
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