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EPIGRAFE

“Talvez ndo tenha conseguido fazer o melhor, mas lutei para
que o melhor fosse feito. N&do sou o que deveria ser, mas Gracgas a

Deus, ndo sou o que era antes”. (Marthin Luther King)



RESUMO

SENSIBILIDADE DE FUNGOS TERMORRESISTENTES AOS
SANITIZANTES E INFLUENCIA DE DIFERENTES CONDICOES SOBRE A
EFICACIA ANTIFUNGICA DESTES AGENTES

AUTORA: Andrieli Stefanello
ORIENTADORA: Marina Venturini Copetti

Este estudo teve como objetivo avaliar a sensibilidade de fungos termorresistentes (Aspergillus
australensis MB 2579; NFF 02; Aspergillus aureoluteus NFC1; Paecilomyces fulvus PFF 01;
Paecilomyces niveus PNT 01; PNDC 01; PNB1 01; PV 01; e Paecilomyces variotii PV 01; PV 01; PVCH
03) para um desinfetante fumigante (orto-fenilfenol) desinfetantes quimicos (cloreto de benzalconio,
biguanida, iodo, &cido peracético e hipoclorito de sodio) e &gua eletrolisada (acida e alcalina) e para
avaliar a influéncia de diferentes variaveis (tipo, concentracdo, tempo de exposicdo, temperatura e
presenca/auséncia de carga organica) na eficacia de sanitizantes quimicos contra cepa padrao para ensaios
de sanitizacdo Aspergillus brasiliensis (ATCC 16404). Para avaliar a sensibilidade de fungos
termorresistentes a agua eletrolisada e desinfetantes quimicos, bem como para avaliar a influéncia de
variaveis na eficacia dos desinfetantes, os testes foram realizados de acordo com as normas do Comité
Europeu de Normalizacdo (CEN), com adaptacdes. Para os testes com gerador de fumaca higienizante
contra as espécies termorresistentes, foram seguidas as regras do protocolo francés NF-T-72281,
especifico para desinfetantes difundidos por via aérea. Dentre os desinfetantes testados contra as espécies
termorresistentes, os desinfetantes como acido peracético (1%) e o gerador de fumaca a base de
ortofenilfenol apresentaram 0s melhores resultados em relacdo as espécies testadas. O contrério foi
observado para os sanitizantes hipoclorito de sddio e biguanida, que foram ineficazes em relacdo a
maioria das espécies estudadas. As diferentes concentracBes de agua eletrolisada testadas, nos tipos acido
e alcalino, foram ineficazes e nao atingiram a redu¢cdo minima de 3 log UFC exigida pela regulamentacao.
Além disso, observou-se que as espécies termorresistentes apresentaram variacao na sensibilidade quando
expostas a diferentes compostos. Quanto ao estudo dos fatores interferentes, observou-se que todas as
variaveis testadas influenciaram na eficacia antifingica dos sanitizantes contra a cepa padrdo Aspergillus
brasiliensis (ATCC 16404). A presenca de carga organica foi capaz de reduzir a eficacia do desinfetante
em até 1,5 log UFC. A concentragdo do produto também interferiu significativamente na eficacia de cada
composto, com a concentracdo méxima de uso recomendada pelo fabricante atingindo a melhor
inativacdo microbiana, mas mesmo assim ndo atingindo os requisitos regulamentares em alguns casos.
Alguns compostos como o iodo e o acido peracético foram mais eficazes em temperaturas mais altas (40
°C), enquanto o cloreto de benzalconio apresentou melhor eficacia a 10 °C. O tempo de exposi¢do do
composto também foi um fator importante, sendo o tempo minimo de 5 minutos ndo foi suficiente para
garantir a eficacia do composto, sendo recomendada a exposi¢cdo por pelo menos 15 minutos. Os
resultados deste estudo sdo importantes, mas sdo necessarios estudos adicionais que avaliem a
sensibilidade de espécies fungicas isoladas de determinados produtos deteriorados aos sanitizantes
atualmente usados no setor de alimentos em diferentes situacfes. Principalmente devido a toleréncia
fangica a esses compostos, que estad bem estabelecida em estudos realizados por nosso grupo de pesquisa.
Assim, é fundamental definir as condigdes para atingir a maxima eficacia destes produtos e sucesso no
processo de higiene.



Palavras-chaves: Fungos termorresistentes. Higienizagdo. Controle fingico. Acido peracético.



ABSTRACT

SENSITIVITY OF THERMO RESISTANT FUNGI TO SANITIZERS AND
INFLUENCE OF DIFFERENT CONDITIONS ON THE ANTIFUNGAL
EFFECTIVENESS OF THESE AGENTS

AUTHOR: Andrieli Stefanello
ADVISOR: Marina Venturini Copetti

This study aimed to evaluate the sensitivity of thermoresistant fungi (Aspergillus australensis
MB 2579; NFF 02; Aspergillus aureoluteus NFC1; Paecilomyces fulvus PFF 01; Paecilomyces
niveus PNT 01; PNDC 01; PNB1 01; e Paecilomyces variotii PV 01; PV 01; PVCH 03) to a fumigant
sanitizer (ortho-phenylphenol) to chemical sanitizers (benzalkonium chloride, biguanide, iodine,
peracetic acid, and sodium hypochlorite) and electrolyzed water (acidic and alkaline) and to evaluate the
influence of different variables (type, concentration, exposure time, temperature, and presence of
organic load absence) on the effectiveness of chemical sanitizers against the standard strain for
sanitization tests Aspergillus brasiliensis (ATCC 16404). To assess the sensitivity of thermoresistant
fungi to electrolyzed water and chemical sanitizers, as well as to assess the influence of variables on the
effectiveness of sanitizers, the tests were carried out in accordance with the standards of the European
Committee for Standardization (CEN), with adaptations. For the tests using the sanitizing smoke
generator against the thermoresistant species, the norms of the French protocol NF-T-72281, specific for
disinfectants spread by air, were followed. Among the sanitizers tested against the thermoresistant
species, the peracetic acid (1%) and the smoke generator based on orthophenylphenol showed the best
results compared to the tested species. The opposite was observed for the sodium hypochlorite and
biguanide sanitizers, which were ineffective in relation to most of the studied species. The different
concentrations of electrolyzed water tested, in both acid and alkaline types, were ineffective and did not
reach the minimum reduction of 3 log UFC required by regulation. In addition, it was observed that the
thermoresistant species showed variation in sensitivity when exposed to different compounds.
Regarding the study of intereferring factors, it was observed that all the variables tested influenced the
antifungal efficacy of sanitizers against the standard strain Aspergillus brasiliensis (ATCC 16404). A
presence of organic load was able to reduce a sanitizer efficacy by up to 1.5 log UFC. The concentration
of product also had significant interference in the effectiveness of each compound, with the the
maximum concentration recommended by the manufacturer reaching the best microbial inactivation but
even then not achieving the regulation requirements in some cases. Some compounds such as iodine and
peracetic acid were more effective at higher temperatures (40 °C), whereas benzalkonium chloride
showed better efficacy at 10 °C. The compound exposure time was also an important factor, and the
minimum time of 5 minutes was not enough to guarantee the compound efficacy, being recommended
the exposure of at least 15 minutes. The findings of this study are important but additional studies
evaluating the sensitivity of fungal species isolated from particular spoiled products to sanitizers
currently used in the food sector under different situations are necessary. Mainly due to fungal tolerance
to these compounds that are well established by studies carried out by our research group. Thus, it is
essential to define the conditions to achieve maximum effectiveness of these products and success in the
hygiene process.

Keywords: Thermo-resistant fungi. Sanitation. Fungal control. Peracetic acid.
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1 INTRODUCAO

Os fungos filamentosos séo associados a diversos casos de deterioracdo de alimentos, devido a
facilidade dos seus esporos serem transportados entre os ambientes de uma industria de alimentos,
tanto através do ar, agua ou materias-primas (DAMIALIS et al., 2017). Na sua maioria, os fungos
apresentam sensibilidade as operac6es unitarias usadas para processamento téermico dos alimentos.
No entanto, algumas espécies como Paecilomyces fulvus (anteriormente Byssochlamys fulva),
Aspergillus fischeri (anteriormente Neosartorya fischeri), Aspergilus spinosus (anteriormente
Neosartorya spinosa) conseguem sobreviver a esta barreira, e sdo denominadas termorresistentes
(HOFFMANN, 2004; SALOMAO et al., 2008).

O ciclo de vida de um fungo resistente ao calor € dividido na fase assexual, onde s&o
produzidos conidios sensiveis ao calor, e fase sexual, em que sdo produzidos esporos altamente
resistentes ao calor, chamados de ascésporos (DIJKSTERHUIS et al., 2007). Devido a esta
caracteristica, 0s ascosporos sdo capazes de tolerar processos de pasteurizacdo e alta presséo,
empregados pela industria de alimentos e bebidas, predispondo a casos de deterioracdo
principalmente em produtos a base de frutas, visto que a fase sexual muitas vezes ocorre no solo
(PITT & HOCKING, 1997; SILVA et al., 2014). Além dos prejuizos econdmicos causados,
algumas espécies fungicas termorresistentes sdo potencialmente produtoras de micotoxinas,
podendo trazer riscos a salde dos consumidores (FRISVAD & SAMSON, 1991; SANT ANA et
al., 2010).

O controle da contaminacdo microbiana do ar ambiente, superficies de equipamentos e
utensilios pode ser efetuado com a adocdo de medidas higiénicos-sanitarias ao longo do
processamento dos alimentos (KUAYE, 2017). Além disso, o controle das matérias-primas €
essencial, visto que podem possuir uma alta contaminacdo com esporos flngicos
termorresistentes, resultando em produtos ndo estveis e/ou inseguros para O CONSUMO
(TRANQUILINI et al., 2017). No entanto, para 0 sucesso no processo de higienizacdo €
necessario conhecer a sensibilidade do micro-organismo considerado problema ao principio ativo
que esta sendo utilizado. Estudos recentes demonstram que espécies fungicas possuem diferenca
de sensibilidade quando expostas a diferentes sanitizantes (BERNARDI et al., 2018; BERNARDI
etal., 2019).

Entretanto, outros fatores devem ser considerados importantes para a realizacdo de um
processo de higienizacdo eficaz. Pardmetros como concentracdo do sanitizante, tempo de
exposicdo, temperatura em que € realizado o processo e presenca de matéria organica também

devem ser observados. Estudos demonstraram que a eficicia de alguns sanitizantes pode ser
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afetada pela presenca de matéria organica (SHEN, 2014; TENG et al., 2018), que é extremamente
comum na industria de alimentos (CHEN & HUNG, 2017); pela temperatura e tempo de aplicacéo
do composto (BELTRAME et al., 2012) e pela concentracéo do produto (BERNARDI et al., 2019;
LEMOS et al., 2020). No entanto, existem poucos estudos que avaliam a interferéncia destes
diferentes parametros, quando combinados, sobre a eficdcia dos agentes sanitizantes para o
controle fungico.

Apesar da evolucdo do conhecimento sobre a interacdo fungos e sanitizantes apresentada a
comunidade cientifica principalmente pelo nosso grupo de pesquisa em anos recentes,
informagdes disponiveis na literatura sobre as principais condi¢des de uso mais adequadas para 0s
sanitizantes quimicos frente a espécies fungicas seguem escassas, assim como informacdes sobre a
resisténcia de espécies fungicas termorresistentes aos sanitizantes comumente utilizados na
industria de alimentos. Além disso, ainda existe uma lacuna de informacdes na literatura sobre a
eficacia de aguas eletrolisadas frente a espécies flngicas termorresistentes. Dessa maneira, a partir
das informacdes trazidas anteriormente, ressaltamos a importancia da realizagdo desse estudo para
sanar essas lacunas ainda existentes, contribuindo para que o processo de higienizacdo realizado
na inddstria de alimentos seja cada vez mais eficaz, colaborando para a reducéo das perdas devido

a espécies flngicas deteriorantes.

2 OBJETIVO GERAL

2.1 OBJETIVO GERAL

Avaliar a sensibilidade de fungos termorresistentes a aguas eletrolisadas e cinco
sanitizantes comerciais liquidos e um fumigante, e verificar a influéncia de diferentes parametros
sobre a eficacia de sanitizantes quimicos frente a Aspergillus brasiliensis (ATCC 16404), cepa

padréo para testes com sanitizantes.

2.2 OBJETIVOS ESPECIFICOS

e Auvaliar in vitro a eficacia individual de cinco sanitizantes liquidos (&cido peracético,
biguanida, cloreto de benzalconio, hipoclorito de sodio e iodo) e um sanitizante gerador
de fumaca a base de ortofenilfenol, ambos autorizados para o uso em inddstrias de

alimentos, frente a isolados fungicos termorresistentes das espécies Paecilomyces
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variotii, Paecilomyces niveus, Paecilomyces fulvus, Aspergillus australensis e Aspergillus

aureoluteus e duas cepas padrdo Aspergillus brasiliensis (ATCC 16404) e Candida

albicans (ATCC 24433) .

e Testar a atividade in vitro de diferentes aguas eletrolisadas (&cida e alcalina) na
reducdo da contaminagéo por fungos resistentes ao calor.

e Avaliar a influéncia de pardametros como concentracdo do agente, tempo de exposicao,
temperatura do processo e presenca de matéria organica, sobre a eficacia de quatro
sanitizantes quimico (acido peracético, cloreto de benzalconio, hipoclorito de sédio e
iodo) frente ao Aspergillus brasiliensis (ATCC 16404).

3 REVISAO DE LITERATURA

3.1 ESPECIES FUNGICAS TERMORRESISTENTES E AGENTES ANTIMICROBIANOS

Os fungos filamentosos termorresistentes estdo associados a diversos casos de deterioracdo
de produtos alimenticios termicamente processados, como geleias, sucos, purés, frutas enlatadas,
pela sua capacidade de resistir aos processos de alta pressdo e pasteurizagdo (FRAC et al., 2015;
SILVA et al.,, 2014; SILVA & GIBBS, 2009). Os géneros que estdo mais comumente relacionados
a deterioracdo destes produtos sdo Paecilomyces (anteriormente Byssochlamys), Aspergillus
(anteriormente  Neosartorya), Talaromyces (anteriormente Penicillium) e Penicillium
(anteriormente Eupenicillium) (HOCKING & PITT, 2009; HOUBRAKEN & SAMSON, 2017).

A resisténcia térmica dos micro-organismos, em geral, é bastante limitada. Conforme a
Figura 1, na fase asssexuada (conidial) representado a esquerda, os fungos filamentosos sédo
destruidos apds 5 minutos em 60 °C, semelhante ao comportamento das células vegetativas
bacterianas (TOURNAS, 1994). No entanto, alguns micro-organismos resistem ao tratamento
térmico pela capacidade de produzirem esporos sexuais, 0os chamados ascosporos (produzidos
pelos representantes do filo Ascomycota) representados ao lado direito da Figura 1. Com a
aplicacdo de calor no processo de pasteurizagdo, esses esporos sdo ativados, saindo do seu estado
de dorméncia, que permite a germinacdo e o crescimento quando estdo em condicdes favoraveis
(BEUCHAT, 1986; SPLITTSTOESSER et al., 1993).
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Figura 1: Ciclo de vida de espécies fungicas termorresistentes.
Fonte: Rico-Munoz & Santos, 2019.

O primeiro estudo relacionado a fungos termorresistentes foi realizado na Inglaterra nos
anos 30. Olliver & Rendle (1934), reconheceram a espécie Paecilomyces fulvus (Byssochlamys
fulva) como a primeira espécie fungica termorresistente deteriorante de enlatados a base de frutas
e produtos engarrafados. A partir disso, devido ao aumento da diversidade de produtos a base de
frutas ofertados pelo mercado, outras espécies foram identificadas como termorresistentes.

A presenca da espécie Aspergillus fischeri (Neosartorya fischeri) foi relatada como
deteriorante de produtos vegetais acidos (KAVANAGH et al., 1963). Hocking & Pitt (1984),
observaram em diversas ocasifes a contaminacdo fungica em sucos de frutas com o género
Penicillium. Outros géneros como Paecilomyces, Aspergillus, Talaromyces e Penicillium foram
isolados de polpas de morango que haviam passado por um tratamento térmico a 70 °C/2 horas
(ARAGADO, 1989).

Diversos estudos foram realizados, comparando a resisténcia térmica de diferentes
espécies fangicas termorresistentes (KING JUNIOR, 1997; KOTZEKIDOU, 1997; SLONGO &
ARAGAO, 2007). Welke et al. (2009), relataram que a pasteurizacdo empregada para a producéo

20



do suco de macd ndo é eficaz para eliminar esporos do género fungico Paecilomyces, sendo
essencial o controle desta contaminacdo através da adocdo de boas praticas na colheita, transporte
e armazenamento dessas frutas.

Ferreira et al. (2011), avaliaram a termorresisténcia das espécies Paecilomyces fulvus e
Paecimomyces niveus (Byssochlamys nivea), isoladas de néctar de maracuja e abacaxi. O processo
de pasteurizagdo empregado pela industria alimenticia ndo foi suficiente para a inativacdo de
isolados destas espécies. Os autores também observaram, que a espéecie P. niveus se mostrou mais
resistente que a espécie P. fulvus.

A resisténcia ao tratamento térmico das espécies Talaromyces flavus e Aspergillus fischeri
(Neosartorya fischeri), foi verificada por Scott & Bernard (1987). Os autores relatam que sob
certas condicdes, e se 0s ascosporos estiverem em quantidades suficientes, as duas espécies
testadas sdo capazes de resistir ao processo térmico. Kotzekidou (1997), observou o crescimento
de uma determinada cepa de Paecilomyces fulvus, em polpa de tomate concentrada, mesmo ap6s o
tratamento térmico de 90 °C/20 minutos.

Além dos problemas econdmicos para as industrias de alimentos causados por fungos
termorresistentes, Sant’ana et al. (2010) relataram que alguns géneros sdo capazes de produzir
micotoxinas, em elevadas concentracGes, se tornando um risco a satde do consumidor. A espécie
Talaromyces flavus é capaz de se desenvolver em condicdes aerdbicas e microaerdbicas, podendo
produzir micotoxinas como talaromicina ou mitorrubrina (PROKSA, 2010). Paecilomyces sp. séo
conhecidos por sintetizar diversas micotoxinas, incluindo a patulina. Varios estudos demonstraram
nas Ultimas décadas que a patulina pode causar problemas de salde ao consumidor devido a sua
toxicidade, a Unido Europeia (2006) estabelece niveis méaximos permitidos de patulina de 50
ug/mL em sucos de magd, 0 mesmo é estabelecido pela Agéncia Nacional de Vigilancia Sanitéaria
(ANVISA) para o Brasil (BRASIL, 2021; DALIE et al., 2010; PUEL et al., 2010; SANZANI et
al., 2012).

Para o controle e inativacdo desses esporos termorresistentes, 0 aumento da temperatura
nos processos industriais seria a maneira mais pratica, porém, a utilizacdo de temperaturas
elevadas pode provocar perda de nutrientes e aromas devido a fécil volatilizagdo de compostos, no
caso de sucos. Sendo assim, além das boas préaticas na colheita, transporte e armazenamento, deve-
se ter 0 cuidado com a contaminacdo do ar ambiente de salas de processamentos de alimentos.
Muitos estudos relatam que o ar € um importante meio de contaminacdo (GARCIA et al., 2019;
MASOTTI et al., 2019; PARUSSOLO et al., 2018; SANTOS et al., 2016).
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Em um estudo realizado por Garcia et al. (2019), foi avaliado a correlagdo da
contaminacgdo fungica do ar ambiente em padarias com o nivel de adequacdo das boas praticas de
fabricacdo pela aplicacdo do checklist. Neste estudo, o0s autores observaram uma alta
contaminacdo do ar ambiente, apesar das padarias apresentarem, em sua maioria, uma
classificacdo considerada como boa para o nivel de adequacdo das boas praticas de fabricagéo.

O ar ambiente atua como meio de transporte, permitindo a dissemina¢do dos micro-
organismos (CURIEL et al., 2000). Na forma de aerossois, particulas microscopicas liquidas ou
solidas, os micro-organismos sdo facilmente translocados pelas correntes de ar entre os diferentes
ambientes das indUstrias de alimentos (FERGUSON et al., 2019; MULLANE et al., 2007). A
implementacdo de medidas regulares de desinfeccdo do ar, contribuem para melhorar a vida util e
seguranca dos produtos. Uma alternativa para o controle da contaminacdo do ar ambiente, sdo 0s
sanitizantes geradores de fumaca, por serem considerados relativamente baratos e de féacil
manuseio (CHITARRA & CHITARRA, 2005).

Sao autorizados para a desinfec¢do em industria de alimentos, geradores de fumaca a base
de ortofenilfenol (OPP) (ANVISA, 2013). Os fenois possuem ndo sé acdo bactericida, como a¢do
fungicida, agem desnaturando as proteinas e na parede celular das células. Em um estudo
realizado por Bernardi et al. (2019), o sanitizante gerador de fumaca a base de ortofenilfenol
obteve melhores resultados no controle da espécie toxigénica Aspergillus westerdijkiae, quando
comparado aos sanitizantes quimicos.

Além da contaminacdo do ar ambiente, é de extrema importancia o controle da
contaminacdo fungica das superficies de equipamentos, utensilios e matérias-primas. Saneantes
quimicos clorados, como hipoclorito de s6dio, atuam oxidando as proteinas nas células pelo acido
hipocloroso (RUTALA et al., 1997) e sdao amplamente utilizados pela industria alimenticia, por
serem compostos antimicrobianos de amplo espectro, apresentarem atividade mesmo em baixas
temperaturas e baixo custo (KUAYE, 2017; WAGHMARE & ANNAPURE, 2015). Por outro
lado, este composto pode irritar a pele, vias respiratorias e a mucosa dos manipuladores
(RACIOPPI et al., 1994). Além disso, sempre que o hipoclorito de sodio for utilizado como
desinfetante, deve ser realizada um pré-limpeza, devido que o cloro pode reagir com a matéria-
organica presente, diminuindo a sua atividade antimicrobiana (JAGLIC et al., 2012; WOQOD,
1992).

O é&cido peracético vem sendo mencionado como um saneante bastante eficaz no controle
de micro-organismos. Flores et al. (2019), observaram em seu estudo, a eficacia bactericida do
acido peracético na concentracdo de 1% para diferentes cepas de bactérias patogénicas como

Salmonella serovar Typhimurium, Escherichia coli, Enterococcus hirae, Staphylococcus aureus,
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Pseudomonas aureginosa e Listeria monocytogenes. Espécies fungicas deteriorantes de produtos
de panificacdo também apresentaram baixa resisténcia quando expostas a este composto
(BERNARDI et al., 2019). Este agente, além de seu composto ativo, contém em sua composi¢do
perdxido de hidrogénio e acido acético (MCDONNELL et al., 2002). Além de ser considerado um
importante composto antimicrobiano, o &acido peracético ndo deixa residuos, ndo produz
subprodutos prejudiciais ao meio ambiente, é considerado de baixo custo e apresenta um nivel
menor de corrosdo, diferente de outros saneantes como o hipoclorito de sédio (ABREU et al.,
2013; CHASSOT et al., 2006).

Compostos quaterndrio de amdnia também sdo comumente utilizados na industria de
alimentos. Dentre eles, o cloreto de benzalc6nio é um agente antimicrobiano que possui um amplo
espectro, agindo contra fungos, bactérias e virus (FAZLARA & EKHTELAT, 2012). Outros
saneantes quimicos sao autorizados para a utilizacdo em industrias de alimentos como iodo e
derivados, biguanidas, peréxido inorganico, aldeidos e fendlicos (BRASIL, 2007).

A utilizacdo da é&gua eletrolisada (AE) como possivel agente antimicrobiano vem sendo
estudada por diversos autores (ATHAYDE et al., 2017; CICHOSKI et al., 2019; OKANDA et al.,
2019). O processo de eletrolisacdo da agua faz uso dos elementos naturais da agua, do sal e da
eletricidade. Prange et al. (2005), descreveram a AE como uma solugédo gerada pela passagem de
uma solucdo salina diluida, geralmente cloreto de sddio (NaCl), através de uma célula eletrolitica,
que contém cloro livre como principal agente de inativacdo microbiana. A AE pode ser utilizada
em diferentes formas: agua eletrolisada acida (AEA), agua eletrolisada levemente acida (AELA) e
agua eletrolisada basica (AEB). As diferencas entre essas aguas eletrolisadas esta na concentracédo
de salmoura, tempo de eletrdlise e corrente elétrica aplicada (HSU, 2005).

As principais vantagens na utilizagdo da AE estéo relacionadas ao menor impacto ao meio
ambiente, visto que, ndo sdo adicionados produtos quimicos tdxicos na sua producdo, ndo
representando nenhum risco a salde dos manipuladores (MORI et al., 1997). A AE quando entra
em contato com a matéria organica ou € diluida pela agua da torneira ela se transforma novamente
em agua comum (TANAKA et al.,, 1999). O ponto negativo da AE ¢é que a solucdo perde
rapidamente sua atividade antimicrobiana, em torno de 90 dias, ap0ds isso, deve ser novamente
fornecidade de H, HOCI e Cl> por eletrolise (KIURA et al., 2002).

Lyu et al. (2018), avaliaram o efeito da AEA e AEB com diferentes valores de pH na
eliminacdo da micotoxina desoxinivalenol (DON) e na inativacdo de fungos em gréos de trigo
contaminados. As duas &guas eletrolisadas testadas reduziram a contaminagdo de DON e de
fungos nos grdos de trigo, no entanto, a AEA apresentou um efeito melhor sobre a qualidade dos

grdos de trigo.
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A 4gua eletrolisada neutra (AEN) foi testada pelos autores Guentzel et al. (2010) para
inativar culturas puras de Botrytis cinerea e Monilinia fructicola para diminuir a infecgdo fungica
em superficies de frutos. Os micro-organismos foram expostos por 10 minutos a agua eletrolisada
neutra, resultando em uma reducéo de 6 log UFC de ambos. A imersao de uvas em AEN, impediu
sua infeccdo por 24 dias. Os autores concluem que a utilizacdo da AEN pode aumentar a vida Util
das frutas quando for realizada a higienizacdo com a mesma antes da embalagem.

Diferentes concentracdes de agua eletrolisada foram aplicadas em carne de porco para
avaliar a qualidade microbiologica e oxidativa da carne (ATHAYDE et al., 2017). Neste estudo,
os autores relatam que nenhuma das AEs utilizadas aumentaram a oxidacao lipidica da carne de
porco e a combinacdo da AEA e AEB pode melhorar a qualidade microbioldgica da carne.

O mecanismo de acdo das aguas eletrolisadas ainda ndo foi descrito, Al-hag et al. (2005)
presumiram que a combinacdo de cloro, potencial hidrogeniénico (pH) e elevado potencial de
oxirreducdo (ORP) s&o os principais fatores envolvidos na atividade antimicrobiana. A AEA
possui um baixo valor de pH e altos valores de ORP, essas condicdes facilitam a entrada do agente
antimicrobiano na membrana externa e interna dos micro-organismos (FABRIZIO & CUTTER,
2003).

Existem poucos estudos relacionados ao controle de fungos termorresistentes com a
aplicacdo de diferentes tipos de saneantes. Mais pesquisas sdo necessarias para definir a melhor
forma de controlar a contaminacdo dos alimentos por fungos ressistentes ao calor (RICO-
MUNOZ, 2017).

3.2 INFLUENCIA DE DIFERENTES PARAMETROS NA EFICACIA DE SANITIZANTES
QuUIMICOS

O uso de sanitizantes quimicos na industria de alimentos € uma das principais ferramentas
utilizadas para controlar a contaminacdo microbiologica (ANDRADE et al., 2018). Esses
compostos, cujo uso é controlado por érgdos fiscalizadores, devem preferencialmente possuir um
amplo espectro de acdo, serem capazes de destruir oS micro-organismos rapidamente, apresentar
baixa corrosividade e serem estaveis nas diversas condi¢cdes de uso. Dentre os principios ativos
autorizados estdo acido peracético, compostos clorados, compostos iodados e compostos de
amoOnia quaternaria, os mais utilizados pela industria de alimentos (BRASIL, 2007).

O processo de higienizacdo é considerado complexo, devido que a eficicia desses

compostos pode ser afetada pela presenca de substancias interferentes, como matéria organica, a
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concentragédo do produto, o tempo de exposicao e a temperatura de aplicacdo (BELTRAME et al.,
2012).

Durante a limpeza de equipamentos e superficies na industria alimenticia é relativamente
comum a presenca de matéria organica, como os componentes alimentares (proteinas, lipidios,
polissacaridios e aminoacidos) (ARAUJO et al., 2013). Alguns estudos ja relatam a baixa eficacia
de alguns sanitizantes na presenca dessas substancias (CHEN & HUNG, 2017; FANG et al., 2016)

Em um estudo realizado por Jo et al. (2018), os autores avaliaram por meio de andlises in
vitro, o efeito de diferentes matérias organicas na concentragdo de cloro durante o processo de
lavagem. Os resultados desse estudo mostraram que 0S compostos proteicos apresentam maiores
efeitos prejudiciais do que os lipidios e os carboidratos na eficacia de desinfeccdo. Além disso, 0s
autores relatam que o cloro foi consumido mais rapidamente onde continha a presenca de matéria
organica de carnes quando comparado a produtos vegetais.

O hipoclorito de sédio foi avaliado frente a 32 isolados de Staphylococcus aureus obtidos
de alimentos envolvidos em surtos de toxinfecgBes alimentares. Esse composto foi avaliado na
auséncia e na presenca de matéria organica (1% leite integral). Os autores concluiram que esse
composto deve ser utilizado com pelo menos 200 ppm de cloro livre e residuos organicos na
superficie inferiores a 1% (BOTH et al., 1992).

Teng et al. (2018), realizaram um estudo fazendo uma abordagem do decaimento de cloro
livre presente para a inativacdo de Escherichia coli (O157:H7) em condi¢des de lavagem
estabilizadas. Nesse estudo os autores relatam que a eficacia do sanitizante foi diminuida com o

aumento da carga organica.

Os sanitizantes quaternario de amonio, acido peracético, clorexidina, iodo e hipoclorito de
sodio foram confrontados com Staphylococcus aureus, Escherichia coli e dois pools das bactérias.
Quando os desinfetantes agiram sobre os isolados na auséncia de matéria orgénica, todos
inativaram todas as bactérias sempre na menor concentragéo testada (MOLINA et al., 2010). Este
estudo descrito anteriormente também reporta a importancia do cuidado com o tempo de
exposicdo do produto e a concentragdo do mesmo, fazendo com que esses equivocos possam
acarretar na sobrevivéncia dos micro-organismos. Os sanitizantes apresentaram tempos e
concentragdes diferentes para serem eficazes frente aos micro-organismos estudados. As menores
concentragbes e 0s menores tempos de contato para inativacdo de todas as bactérias foram:
quaternario de amonio 25 ppm/20 min ou 50 ppm/5 min; acido peracético 6,25 ppm/10 min ou 25
ppm/5 min; clorexidina 12,5 ppm/15 min ou 200 ppm/5 min; iodo 50 ppm/5 min e hipoclorito de
sodio 200 ppm/5 min (MOLINA et al., 2010).
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Kich et al. (2004), avaliaram a eficécia de seis sanitizantes comerciais (amonia quaternaria,
glutaraldeido, ioddforo, hipoclorito de sodio (1 e 0,1%), fenol e acido peracético) frente a
Salmonella sp. Esse trabalho foi conduzido em duas etapas, primeiramente foram testados na
presenca e auséncia de matéria organica pelo tempo de 15 minutos e depois 5 minutos. Todos 0s
sanitizantes foram eficazes na auséncia de matéria organica, somente o hipoclorito de sédio (1%),
fenol e o acido peracético foram eficazes na presenca da mesma. Os desinfetantes a base de
hipoclorito de sodio (1%), fenol e acido peracético foram os mais eficazes frente a todas amostras

testadas apds cinco minutos de contato.

O 4&cido peracético foi testado frente a diferentes bactérias consideradas problema na
industria da carne, como Salmonella sp., Staphylococcus aureus, Escherichia coli e Listeria
monocytogenes. Os autores descrevem que esse composto apresentou resultados satisfatorios em
em concentragdo e tempo de contato inferior aos sugeridos pelos fornecedores, reforgando ainda
mais a importancia de estudar cada sanitizante em diferentes variaveis de aplicagdo (BELTRAME
etal., 2012).

Concentracfes dos sanitizantes inadequadas podem afetar diretamente no sucesso do
processo de higienizacdo. Lemos et al. (2020) avaliaram a eficacia de diferentes sanitizantes em
trés concentracBes para cada composto frente a espécies de Aspergillus toxigénicos. Dentre 0s
resultados desse estudo, o acido peracético foi eficaz frente a duas cepas de A. ochraceus
produtoras de ocratoxina A na concentragcdo mais baixa testada. Por outro lado, o hipoclorito de
sodio mesmo na concentracdo mais alta testada foi ineficaz frente a espécies fungicas toxigénicas.

Bernardi et al. (2019) também apresentaram variacdes de eficacia conforme a concentracao
de cada composto. Cepas fungicas responsaveis pela deterioracdo de produtos de panificacdo
foram testadas contra cinco sanitizantes em trés concentracfes diferentes. O cloreto de
benzalconio foi eficaz frente a todas as cepas de Penicillium roqueforti nas trés concentracoes
testadas. J& 0 quaternario de aménio, em ambas as concentragdes testadas para esse composto nao

foi eficaz para a cepa de P. roqueforti (PR 67).

A temperatura de cada composto no momento da exposi¢cdo também deve ser considerada
um parametro de suma importancia (NASCIMENTO et al., 2010). Beltrame et al. (2012)
avaliaram a eficacia de quatro sanitizantes comerciais (acido peracético, clorexidina, amonio
quaternario e uma mistura de acidos organicos) frente as bactérias Salmonella choleraesuis, S.
aureus, E. coli e L. monocytogenes. O acido peracético apresentou eficacia na temperatura de 10

°C frente a todos 0s micro-organismos testados, a clorexidina apresentou um aumento da eficacia
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na temperatura de 45 °C, o amonio quaternario foi eficaz em ambas as temperaturas 10 e 45° C e

o0s &cidos organicos apresentaram baixa eficdcia em ambas as temperaturas testadas.

Nascimento et al. (2010) apresentaram como uma das principais vantagens do acido
peracético a sua eficacia em baixas temperaturas, os compostos iodoforos por sua vez ndo devem
ser aplicados a temperatura superior de 45 °C. Camilotti et al. (2015) avaliaram a eficacia do
composto quimico cloreto de benzalconio frente a Salmonella radar, isolada de carcacas de aves.
Esse composto foi testado em duas temperaturas diferentes 20 + 2 °C e 8 + 2 °C. Os autores
relatam que o cloreto de benzalconio foi eficaz na temperatura de 20 °C para todos os isolados de
Salmonella radar, quando exposto na temperatura de 8 °C teve a sua eficacia reduzida, sendo um
fator que limita a indicacéo do seu uso.

A partir dos trabalhos descritos acima, observamos a caréncia de estudos que corroborem a
influéncia de diferentes fatores e condigdes de uso na eficacia antifungica desses sanitizantes,
micro-organismos que sao responsaveis por boa parcela das perdas econdmicas devido a
deterioracdo dos produtos alimenticios. Estudos mais aprofundados sobre esse assunto, com
resultados direcionados para a realizacdo de um processo higiénico cada vez mais satisfatério
visam contribuir para as inddstrias de alimentos em geral, fazendo com que a vida Util desses

produtos seja mais longa e segura.
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ARTICLE INFO ABSTRACT

Keywords: This study aimed to evaluate the sensitivity of heat-resistant molds isolated from spoiled thermally processed
Fungi foods to antimicrobial compounds used for food industry sanitation. An ortho-phenylphenol-based smoke gen-
Sanitization erator sanitizer, liquid chemical sanitizers (benzalkonium chloride, biguanide, iodine, peracetic acid, and so-
Efmﬂi‘iﬂ;}xf&’ dium hypochlorite), and acidic and alkaline electrolyzed water were used against Aspergillus australensis (MB
Parscetie acld 2579; NFF 02), Aspergillus aureoluteus (NFC1), Paecilomyces fulvus (PFF 01), Paecilomyces niveus (PNT 01; PNDC

01; PNB1 01), and Paecilomyces variotii (PV 01; PV 01; PVCH 03). The fungal strains were exposed separately to
liquid sanitizers and electrolyzed water in stainless steel discs for 15 min following the European Committee for
Standardization (CEN) recommendations. Moreover, the fungal strains were exposed to the smoke generator
sanitizer for 7 h following French protocol NF-T-72281. The best results of fungal inactivation were achieved
when the highest concentration specified in the label of these sanitizers was tested. On the opposite, the lowest
concentration specified in the label should be avoided since it was ineffective in most cases (94%). The ortho-
phenyphenol-based smoke generator sanitizer and peracetic acid (1%) showed the best results of spore in-
activation, while iodine and benzalkonium chloride achieved satisfactory results against the strains evaluated.
Sodium hypochlorite and biguanide were ineffective against most of the fungi studied at all concentrations
tested. Acidic and basic electrolyzed water was also ineffective to achieve the 3-log CFU reduction required in
the concentrations tested. In general, Paecilomyces spp. was more sensitive than Aspergillus spp. against all sa-
nitizers evaluated, whereas A. aureoluteus NFC1 was resistant to all agents and concentrations tested. The heat-
resistant fungal strains showed varied sensitivity against the different agents. Notably, the two most effective
commercial sanitizers against the heat-resistant strains were ineffective against the filamentous fungi re-
commended for sanitizer testing (A. brasiliensis ATCC 16404), which demonstrates the relevance of testing fungal
isolates that cause spoilage to choose the most effective compound and obtain the best results of fungal control.

Benzalkonium chloride

1. Introduction The thermal resistance of these fungi is attributed to the production
of heat-resistant spores within a mother cell, the so-called ascospores
(Panagou et al., 2010; Pitt and Hocking, 2009). Ascospores can survive

pasteurization and high-pressure procedures, which may lead to major

Heat-resistant molds (HRM) are responsible for the spoilage of
various thermally processed products, especially pasteurized fruit-

based products such as juices, canned fruits, concentrates, fruit pulp,
and jellies (dos Santos et al., 2018; Scaramuzza and Berni, 2014; Silva
et al., 2014; Tranquillini et al., 2017). The most common heat-resistant
species in food spoilage are Paecilomyces fulvus (formerly Byssochlamys
fulva), Aspergilus spinosus (formerly Neosartorya spinosa), Paecilomyces
niveus (formerly Byssochlamys nivea), and Paecilonyces variotii (formerly
Byssochlamys spectabilis) (Beuchat and Pitt, 2001; Hoffmann, 2004;
Nakayama et al., 2010; Salomio et al., 2008; Sant'Ana et al., 2010;
Ueda et al., 2010).

* Corresponding author.
E-mail address: mvci@smail.ufsm.br (M.V. Copetti).
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economic losses in the food industry (Filipa and Silva, 2020; Sant'Ana
et al., 2009). Recent studies have reported that ascospores of the species
P. niveus and Aspergillus fisheri were not inactivated in the thermal
process of 75 °C for 30 min (Evelyn and Silva, 2015; Evelyn et al.,
2016). In addition, some HRM are potentially mycotoxin-producing
species, including fumitremorgins (A, B, C), verruculogen, patulin, and
byssochlamic acid, which may cause consumer health problems when
ingested (Kotzekidou, 2014; Tournas, 1994).

Several methods considerably reduce HREM contamination in raw
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materials, including the use of high-quality fruits for the production of
different fruit-based products, washing the fruits with drinking water,
and using disinfectants at appropriate concentrations (Hico-Munoz,
2017). However, reducing fungal contamination in fruit surfaces is a
challenge, with molds having higher resistance when compared with
bacteria (Sapers, 2002; Wei et al., 2017).

Moreover, the HRM ascospores and conidia present in the en-
vironment (including air) of the food industry usually arrive through
raw materials and can be dispersed to all areas of the production fa-
cilities, thus, they may deposit on the work surfaces and equipment,
consequently coming into contact with other raw materials, packages,
packing devices, and ingredients. For example, dos Santos et al. (2018)
observed that Aspergillus fumigatis (23.6%), Aspergillus fischeranus
(16.1%), and A. niveus (5.1%) were isolated from samples collected
throughout the processing area of pasteurized high-acid fruit products.

Rico-Munoz (2017) showed that the presence of ascospores in pro-
cessing environments is widespread and was the most concentrated in
the areas of empty bottle receiving, the depalletizer, and palletizer,
although these organisms were also found in slip sheets between empty
bottles, wooden pallets, palletizers, cap boxes, airveyors, and bottle
conveyors, as well many of the processing areas tested. Because as-
cospores can survive most thermal processes, once they reach the
manufactured food, either through the raw materials or processing
environment, the HRM can subsequently spoil the final product. Hence,
preventing the spoilage of heat-processed products by HRM requires
reducing or eliminating soil contamination and ascospores from the
ingredients, packaging, and processing environment (Rico-Munoz,
2017).

Parussolo et al. (2019) reported that air contamination by fungal
spores is a critical control point for food contamination. It is not pos-
sible to dissociate air and work surface contamination because, even-
tually, the spores dispersed as aerosols will deposit on the surfaces of
foods, facilities, and equipment. Therefore, it is important to properly
adopt the correct hygienic-sanitary measures and sanitation processes
{(Kuaye, 2017). Furthermore, choosing an active principle that is ef-
fective against HRM influences the success of the sanitization process
and reduces contamination in the production environment and on the
surface of raw materials, which may decrease the number of products
contaminated by HRM during the manufacturing process. Additionally,
selecting effective sanitizer concentrations, as well as defining the ex-
posure time against this group of microorganisms is essential for suc-
cessful ascospore inactivation (Dijksterhuis et al,, 2018; Rico-Munoz
and Santos, 2019).

Conventional chemical compounds such as chlorine, peroxide, and
other commercial liquid sanitizers are the most commonly used
methods to minimize microbial contamination in the food industry due
to their low prices and antimicrobial efficacy (Visvalingam and Holley,
2018). On the other hand, these compounds may produce by-products
that are harmful to consumer health, including trihalomethanes
(THMs), organchalogen by-products and others (Bull et al., 2011;
Kinani et al., 2016). Menegaro et al. (2016) reported that the main
sanitizing agents used in the food industry in southwestern Parana
(Brazil) were sodium hypochlorite (70%), peracetic acid (20%), and
biguanide (10%) for the sanitation of equipment and utensils, while
sodium hypochlorite (60%), peracetic acid (20%), and other com-
pounds (e.g. biguanide and quaternary ammonia) (20%) were used for
the facilities.

Smoke generator sanitizers are an interesting alternative for mi-
crobial control in the food industry, as they are considered cheap, easy
to handle, and usually leave residue low concentrations (Chitarra and
Chitarra, 2005; Sholberg et al., 2004). Since these sanitizers are dry and
spread by the air, they can be applied in different kinds of industrial
environments and easily spread through the facilities, acting against
spores in aerosols and reaching points that are difficult to reach using
liquid sanitizers.

However, due to growing restrictions on chemical sanitizers in the
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food industry, innovative methods for microbial control are con-
tinuously being studied, such as the use of electrolyzed water (EW).
Several studies have already reported the use of acidic EW as a disin-
fectant in the food industry (Athayde et al., 2017; Huang et al., 2008;
Liu and Su, 2006; Wang et al., 2019), in addition to treating bacterial
inactivation (Cichoski et al., 2019; Cui et al., 2009; Deza et al., 2003;
Guentzel et al., 2008). Liu and Su (2006) applied acidic oxidized EW
and reduced more than 4.6 log colony-forming units (CFU) of Listeria
monocytogenes on seafood processing gloves. However, studies evalu-
ating this efficacy against fungi are limited to in vitro studies with
mycotoxigenic Aspergillus sp., such as one reporting low efficacy of EW
(Lemos et al., 2020) and its application in wheat to inhibit Fusarium sp.
growth (Audenaert et al., 2012; Lyu et al., 2018).

As previously mentioned, it is important to know the sensitivity of
the main species involved in the spoilage of different classes of food
products to the different sanitizers available in order to adeguately
choose the best method and agent for fungal control (Bernardi et al.,
2019¢). Nevertheless, information regarding the sensitivity of HRM to
commercial sanitizers is still limited. After evaluating the ascospores of
four HRM (Aspergillus fischeri, Talaromyces macrosporus, Paecilomyces
niveus, and Paecilomyces variotii), Dijksterhuis et al. (2018) showed a
clear variation in their sensitivity to acidified sodium chlorite, chlorine
dioxide, and iodine solutions. No studies evaluating the efficacy of EW
and smoke generators against this relevant group of fungi were found.
Thus, the objective of this study was to evaluate the efficacy of acidic
and basic EW, five liquid commercial sanitizers (benzalkonium
chloride, biguanide, iodine, peracetic acid, and sodium hypochlorite),
and an ortho-phenylphenol-based smoke generator sanitizer, which are
all allowed for use in the food industry against different heat-resistant
strains of Aspergillus and Paecilomyces genera.

2. Materials and methods
2.1. Strains

Ten HRM strains isolated from spoiled thermally-processed foods
and 2 standard strains recommended for chemical sanitizer testing were
used in this assay (Table 1). The isolates were lyophilized and kept
refrigerated until inoculation one week before the analysis.

2.2, Inocula preparation

Initial inocula were prepared by inoculating the lyophilized fungi in
tubes containing Malt Extract Agar (MEA) [glucose, 20 g (Neon, Sao
Paulo, Brazil); peptone, 0,1% (Himedia, Mumbai, India); malt extract,
30 g (Bacto ™, MD, USA)] and incubating for 14 days at 30 *C to sti-
mulate ascospore maturation. Mycelium scraping was performed using
a sterile disposable handle cover and sterile Tween 80 aqueous solution
(0.05%). This suspension was diluted with 0.1% sterile peptone water
[peptone, 0.1 g (Himedia, Mumbai, India)], agitated in a vortex with

Table 1

Fungal strains used for testing sanitizer efficacy and source of isolation.
Strain Source
Paecilomyces varioti PV 01 Grape juice
Paecilomyces variotii PV 02 Bread
Paecilomyces variodi PVCH 03 Chocolate
Paecilomyces niveus PNT 01 Grape juice
Paecilomyces nivens PNDC 01 Grape juice
Faecilontyces niveus PNBI 01 Isotonic drink
Paecilomyces fulvus PFF 01 Raspberry
Aspergillus aureolutens NFC1 Fruit pulp
Aspergillus australensis MB 2579 Fruit pulp
Aspergillus australensis NFF 02 Raspberry
Candida albicans ATCC 24433 Nail infection
Aspergillus brasiliensis ATCC16404 Vaccinium sp.
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Table 2
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Compaosition of the commercial sanitizers tested, concentrations recommended in their label, and neutralizing solution used in the tests.

Sanitizer Chemical composition

Concentrations Neutralizing solution

Benzalkonium chloride”

Aquil dimethyl benzyl ammonium chloride (22.0%), neutralizing,

(0.30, 1.20, and 2.00%)  Nutrient broth with 0.5% of Tween 80 and

supporting, chelating, carrier tryptone 1%
Biguanide® Hexamethylene hydrochloride biguanide (2.00, 3.50, and 5.00%)  Nutrieat broth with 0.5% of Tween 80 and
tryptone 1%
lodine” lodine (3.80%), nitric acid, synergists, thickener, carrier (0.20, 0.60, and 1.00%) Nutrient broth with 0.6% of sodium
thiosulphate
Peracetic acid™” Peracetic acid (4.00%), hydrogen peroxide (23.0%), glacial acetic  (0.30, 0.60, and 1.00%)  Nutrient broth with 0.6% of sodium
acid, sequestrant, carrier thiosulphate
Sodium hypochlorite” Sodium hypochlorite with (8.00%), sequestrant, carrier (0.50, 0.75, and 1.00%)  Nutrient broth with 0.6% of sodium
thiosulphate
Ortho-phenylphenol (Smoke Tech)”  Ortho-phenylphenol 15%, supporting, carrier 1g/m* Nutrient broth with 0.5% of Tween 80 and
tryptone 1%

* Commercial Peracetic acid is sold in solution as a mixture with acetic acid and hydrogen peroxide for stability reasons.

" Kalyclean, Brazil.
© Higex, Brazil.

glass spheres, and then filtered in sterile glass wool. Standardization of
the inoculum at a concentration of 107 spores/mL (both conidia and
ascospores) was performed using the Neubauer chamber (CRAL/
C1010/Brazil) and later confirmed by surface inoculation on plates
containing MEA. The samples were incubated for seven days at 30 °C.

2.3. Sanitizers and electrolyzed water preparation

The concentrations used for the liquid chemical sanitizers were
defined as the minimum and maximum recommended by the manu-
facturer, plus an intermediate concentration (Table 2). All active prin-
ciples tested were authorized by RDC No. 14/2007 of the National
Health Surveillance Agency (ANVISA) for use in the food industry
(Brasil, 2007).

The ortho-phenylphenol-based smoke generator sanitizer
(SmokeTech, Higex, Brazil) was also authorized for use in the food
industry. The exposure time selected was the maximum recommended
by the manufacturer, which is 7 h (Table 2).

The EW was obtained from 0.05% sodium chloride (Dindmica, Rio
de Janeiro, Brazil) using a portable electrolyzer (Envirolyte, Tallin,
Estonia). Three concentrations of EW were produced, which simulta-
neously resulted in acidic electrolyzed water (AEW) with distinct
chlorine concentrations (60, 85, and 121 ppm) and 3 basic electrolyzed
water (BEW) (Table 3).

2.4. Sanitizers and EW testing

The assays of liquid sanitizers and EW were performed according to
the model proposed for antimicrobial efficacy tests by the European
Committee for Standardization (European Standard 13697, 2001), with
modifications in the initial spore concentrations (Bernardi et al., 2018).
The fumigant test was performed following the standards of the Asso-
ciation Francaise de Normalization (AFNOR), French protocol NF-T-
72281 (Norme Francaise, 2014), with adaptation, using 10 mL of re-
covering liquid instead of 100 mL as described in the standard tech-
nique.

Microorganisms were inoculated using 304 2-cm diameter stainless
steel discs, in which a 50 pL aliquot of the previously obtained initial

suspension (107 spores/mL) was deposited for the test. A solution of
0.05% reconstituted milk powder (Elegé, Sao Paulo, Brazil) was used to
simulate the presence of organic matter. Three discs were used for the
effective sensitivity test and two discs for the positive control. After
inoculation, the discs were taken to an incubation oven at 35 °C for
approximately 40 min to dry and fix the inoculum on the target site.

2.4.1. Liquid sanitizers and EW assays

A total of 100 pL of each sanitizer or EW at different concentrations
were added separately to the discs containing the fixed fungal in-
oculum. At the same time, 100 pL of sterile distilled water was used for
positive control. The contact time was 15 min.

After the exposure time, the discs were immersed in 10 mL of a
specific neutralizing solution (Table 2) for 5 min, which was prepared
weekly and stored at 5 °C until use. The purpose of using the neutralizer
is to ensure that the antimicrobial agents only acted during the 15 min
of exposure (Jaenisch et al., 2010). About 5 g of glass beads were added
for easy detachment of the inoculum and recovery of viable cells. Serial
dilutions were prepared in 0.1% peptone water [peptone, 0.1 g (Hi-
media, Mumbai, India); distilled water, 1 L] and 1 mL of each dilution
were added to sterile Petri dishes and then 20 mL of Malt Extract Agar
was pour plated. Petri dishes were incubated at 30 °C for seven days and
the colonies counted after. The results are expressed as log CFU. Heat
shocks were not employed to avoid additional sources of stress in cells
already stressed by sanitizers.

All tests were performed in triplicate and sanitizer efficacy was
analyzed by the difference in logarithmic reduction between the posi-
tive control and the test according to European Standard N13697
(2001). The ligquid sanitizers or EW were considered effective if they
were able to reduce 3 log CFU (99.9%) of the initial amount of fungal
cells recovered from the positive control according to European
Standard N13697 (2001).

2.4.2. Smoke generator assays

The smoke generator sanitizer was used at a concentration of 1 g of
product per m* and for an exposure time of 7 h, according to the
manufacturer's recommendations, after which the door was opened to
ventilate for 15 min. This product is authorized by ANVISA for

Table 3

Electrolyzed water (EW) with its respective pH values, oxidation potential, and the neutralizer used for both.
EW Neutralizing solution
Acidie Alkaline

AEW (1) (pH 2.67: 1147 mV)
AEW (2) (pH 2.65; 1120 mV)
AEW (3) (pH 2.76; 1188 mV)

BEW (1) (pH 11.29; —869 mV)
BEW (2) (pH 11.12; —209 mV)
BEW (3) (pH 11.02; —909 mV)

Nutrient broth with 0.6% of sodium thiosiulphate
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sanitation in the food industry, however, it cannot get in contact with
raw materials or food products.

Tests were performed in an enclosed room of approximately 32 m>.
Hygienization of the room was performed before the tests to prevent
contamination.

In the test room, the discs were positioned 2.6 m away from the
point where the smoke generator was released, at an upright position,
and with the surface where the fungal inoculum was placed in the
opposite direction from where the disinfectant was triggered. With the
discs in place, the smoke generator sanitizer was activated by removing
the seal and lighting the wick. After seven hours of exposure, the discs
were taken to the laboratory where both discs (positive control and
exposed samples) were immersed in 5 g glass beads and 10 mL neu-
tralizing solution for 5 min (Table 2). After inoculum detachment, serial
dilutions were performed with 0.1% peptone water [peptone, 0.1 g
(Himedia, Mumbai, India); distilled water (1 L)], and 1 mL of the di-
lutions were added on Petri dishes, where MEA was pour plated. The
plates were incubated for five days at 30 "C. Heat shocks were not
employed to avoid additional sources of stress on cells already stressed
by sanitizers.

The tests were performed on two different days and the results were
expressed as log CFU. According to NF-T-72281 (Norme Francaise,
2014), a smoke generator is considered effective if it can reduce 4 log
CFU (99.99%) from the initial counting when compared to the non-
exposed control.

2.5. Statistical analysis

Data analysis was performed by variance analysis (ANOVA). Fungal
recovery after exposure to the sanitizers, electrolyzed water, and smoke
generator sanitizer was analyzed by the Scott-Knott test (p < 0.05).
Statistical analyses were performed using SISVAR® software version 5.6
(Ferreira, 2011).

3. Results and discussion

Summarizing the findings of HRM reduction by the antimicrobial
agents tested (Figs. 1 and 2), the best results were achieved using the
ortho-phenylphenol-based smoke generator sanitizer (SmokeTech) and
the liquid sanitizer peracetic acid, followed by iodine and benzalk-
onium chloride. The highest concentrations specified in the labels of
these sanitizers are the ones recommended because they reflect the best
results for fungal reduction. On the other hand, the lowest concentra-
tion specified in the label should be aveided since it was ineffective in
most cases (94%).

Biguanide and sodium hypochlorite should not be used for HRM

Benzalkonium Chloride
0.30%

Biguanide
Strains

Paecilomyces variotii PV 01
Faecilomyces variotii PV 02
Faecilomyces variotii PYCH 03
Paecilomyces nivens PNT 01
Paecilomyces nivens PNDC 01 -- -
Paecilomyces niveus PNBI 01
Faecilomyces fulvus PFF 01
Aspergillus aureolutews NFC1
Aspergillus australensis MB 2579
Aspergiilus australensis NFF 02
Candida albicans ATCC 24433
Aspergillus brasiliensis ATCC 16404

1.20% 2.00% 2.00% 3.50% S5.00%
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control, at least in the concentrations usually recommended worldwide
for use in the food industry, because they were unable to reduce the 3
log CFU of the tested strains at all tested concentrations.

Similar results were achieved by EW at all concentrations and types
(acidic and alkaline) tested. Though their efficacy increased when in-
creasing their concentration, EW were not able to induce at least 3 log
CFU reduction in the viable fungal counts recovered from the positive
control. Therefore, the EW cannot be considered effective in reducing
HRM spores at safe levels in the concentrations tested here.

Regarding fungal sensitivity, the HRM strains evaluated showed
different population reduction values when exposed to the different
agents, making it important for the food industry to test fungal isolates
causing trouble against the sanitizers available and raising awareness
on which is the best active compound required for its control. Notably,
the two most effective commercial sanitizers against HRM, according to
this study (ortho-phenylphenol-based smoke generator and peracetic
acid), were not effective against the standard filamentous fungi for
sanitizer testing (A. brasiliensis ATCC 16404). This proves the relevance
of testing fungal isolates causing spoilage problems as a way to reach
the best results of fungal reduction in the production environment
during sanitization and, consequently, in spoilage prevention. In the
case of the HRM species tested here, if just the standard strain had been
tested, the most effective agents for their control would have likely
been discarded.

Among the HRM tested, in general, Paecilomyces spp. were more
sensitive than Aspergillus spp. against all sanitizers. Furthermore, the A.
aureoluteus NFC1 strain was resistant to all agents and concentrations
tested here.

3.1. Conventional agents for controlling HRM

The ortho-phenylphenol-based smoke generator sanitizer showed
satisfactory results for eight of the ten HRM strains tested, showing a
reduction of more than 4 log CFU, thus proving to be an important
agent when aiming to control contamination by HRM species in the
environment (including air) of the food industry.

Furthermore, the results found here differ from the data described
by Bernardi et al. (2019a), who reported that several common food
spoilage fungal strains exposed to an ortho-phenylphenol-based smoke
sanitizer usually reduced 3 log CFU (99.9% population) instead of the 4
log CFU (99.99% population) required for this type of sanitizer.

The presence of HRM ascospores in the processing environment is
widespread (Rico-Munoz, 2017). Recently, P. variotii ascospores have
been isolated, representing the highest percentage of occurrence among
heat-resistant fungal species isolated from the environmental air of
processing rooms in a beverage industry (Rico-Munoz and Santos,

Todine Peracetic Acid Sodium Hipoechlorite OPP *
0.20% 0.60% L00% 030% 0.60% L00% 0.50% 0.75% L00% 150%

Reductions (log CF'

<l lw!l & 2029 3wifd4wdsd =5

Fig. 1. Heat map referring to log colony-forming units (CFU) reduction of sanitizers against HRM species and standard strains. Efficacy for liquid sanitizers: at least 3
log CFU reduction in viable fungal counts, according to CEN 13697:2015. *Efficacy for fumigant sanitizers at least 4 log CFU reduction in viable fungal counts,
according to NF-T-72281.
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Strains

Paecilomyces variotii PV 01
Paecilomyces variotii PV 02
Paecilomyces variotii PVCH 03
Paecilomyces niveus PNT 01
Paecilomyces niveus PNDC 01

Paecilomyces niveus PNBL 01
Paecilomyces fulvus PFF 01
Aspergillus aureoluteus NFC1
Aspergillus australensis MB 2579
Aspergillus australensis NFF 02
Candida albicans ATCC 24433
Aspergillus brasiliensis ATCC 16404

BEW (1) AEW (1) BEW (2) AEW (2) BEW (3) AEW (3)
I D D
I
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Fig. 2. Heat map demonstrating log colony-forming unit (CFU) reduction of electrolyzed water against HRM species and standard strains.

2019). Air acts as a transport medium for microorganisms in the form of
aerosols, where microorganisms can reach the industry through raw
materials and are easily distributed by the airstream to different in-
dustrial sites, making ambient air one of the main sources of con-
tamination with fungal conidia or ascospores (Ferguson et al., 2019;
Garcia et al., 2019).

Sholberg et al. (2004) described one positive aspect of employing
smoke generator sanitizers, as they can access specific points of mi-
crobial contamination in the food industry, which other sanitizers, such
as chemicals, do not normally have access to. Furthermore, these dis-
infectants are important for controlling microbial contamination in
“dry food” industrial environments, such as the candy and flour in-
dustry. Smoke generator sanitizers can be very helpful in HRM control
since, according to Rico-Munoz (2017), the highest ascospore con-
centrations are in areas that are usually cleaned using dry-cleaning
methods (depalletizers, palletizers, ingredient storage areas, wooden
pallets, packaging materials and their storage areas, airveyors, etc.).

On the other hand, ortho-phenylphenol products cannot be in con-
tact with food and its handling should be performed with caution by
food handlers, as this sanitizer is known to irritate the skin, eyes, and
respiratory tract (PubChem, 2018).

Peracetic acid is an important antifungal agent and was effective at
concentrations of 0.60 and 1.00% for eleven of the thirteen strains
tested (85%), although it did not achieve a reduction at the inter-
mediate concentration (0.60%) in just the P. varioti PV 01 and A.
aureoluteus NFC1 strains. Bernardi et al. (2019b) evaluated the efficacy
of different chemical sanitizers against spoilage fungal species of bakery
products. The species tested (Penicillium rogueforti, Penicillium paneum,
Hyphopichia burtonii, and Aspergillus pseudoglaucus) showed similar be-
havior to those described here, which means low resistance to this acid
at the intermediate and high concentrations. Lemos ef al. (2020) also
reported the good efficacy of this compound against ochratoxigenic
Aspergillus ochraceus and Aspergillus westerdijkiae.

Due to its antimicrobial activity, peracetic acid is an effective and
safe alternative, in addition to having a low cost, leaving no residues,
and not producing environmentally-harmful by-products (Chassot
et al., 2006). Its mode of action is through cell membrane oxidation and
it is not deactivated by catalase or peroxidase, which are enzymes that
break down hydrogen peroxide and are part of the family of tox-
icologically safe acid disinfectants (Mcdonnell et al., 2002). However,
this compound can be extremely irritating to the skin and mucous
membranes of handlers and potentially corrosive to stainless steel
(Andrade, 2008).

lodine also showed great results for P. variotii strains at the highest
concentrations tested (0.60; 1.00%), achieving reductions of more than
5 log CFU. At the same concentrations for the P. niveus strains, this

compound reduced between 4 and 5 log CFU. lodine was also the sa-
nitizer that showed the best results against aflatoxigenic Aspergillus
flavus, Aspergillus nomius, and Aspergillus parasiticus (Lemos et al., 2020).

The mechanism of action of iodine is known for the rapid penetra-
tion of its molecules into the cell wall of microorganisms, inactivating
their cells, altering cell membranes, and impairing protein synthesis.
This compound has a broad spectrum of action and acts against fungi,
bacteria, and viruses (McDonnell, 2007). However, it can alter the odor
and taste of food, besides possibly staining some plastic materials
(Nascimento et al., 2010).

Benzalkonium chloride was only ineffective against P. variotii PV 02
and A. aureoluteus NFC 1 at all tested concentrations and did not
achieve the minimum reduction of 3 log CFU. According to Kemper and
White (1991), benzalkonium chloride is an effective disinfectant, and
resistance to this compound by food-associated microorganisms is not
common. This agent usually acts on the cell membrane of micro-
organisms, changes their permeability, causes cell depletion, and has a
broad spectrum of action. On the other hand, the disadvantages of using
this compound include high costs and low efficacy when in contact with
proteins and acid media (Nascimento et al., 2010).

Sodium hypochlorite was not effective for any of the isolates at the
lowest tested concentration recommended in the label by the manu-
facturer (0.50%; 400 ppm). Only three strains (A. australensis NFF 02, P.
fulvus PFF 01, and P. niveus PNDC 01) were sensitive to the highest
concentration tested of this agent (1%; 800 ppm). Since this agent ap-
pears to be the most common sanitizer used in the Brazilian food in-
dustry (Menegaro et al., 2016), its use for controlling food spoilage by
HRM should be avoided.

Chlorine-based compounds are commonly used in numerous en-
vironments in the food industry and widely used to disinfect counter-
tops, floors, and clean fruits and vegetables (Menegaro et al., 2016),
although several studies have reported the low efficacy of sodium hy-
pochlorite against fungi (Bernardi et al., 2019a, 2019b, 2019¢; Lemos
et al., 2020).

Biguanide presented the lowest efficacy and varied sensitivity
among the strains and three concentrations tested. Previous studies
have demonstrated the poor efficacy of biguanide for controlling spoi-
lage fungi in the food industry (Bernardi et al., 2018, 2019b, 2019¢;
Lemos et al., 2020). Based on these results and previous studies, the use
of this compound for microbial control is a cause for concern regarding
molds. Biguanide is a sanitizer commonly used in the food industry of
Brazil (Menegaro et al., 2016), mainly for bacterial control. Aspergillus
aureoluteus (NFC1) showed low sensitivity and none of the chemical
sanitizers achieved a 3 log CFU reduction in order to be considered
effective, as proposed by CEN.

In general, P. variotii strains showed different sensitivity to the
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different sanitizers tested and were the most resistant when exposed to
different chemical sanitizers. Only peracetic acid, benzalkonium
chloride, and iodine were effective (3 log CFU reduction) at the highest
concentration. Among heat-resistant fungal species, the ascospores of
this species can survive for more than 30 min at 85 °C (Houbraken
et al., 2006). Since some food products need to undergo relatively high-
temperature processes to eliminate heat-resistant spores, which ulti-
mately reduces the nutrients and affects the sensory quality of these
foods, reducing HRM load present before processing by employing
adequate cleaning measures and disinfection of the environmental air,
raw materials or the surfaces of equipment and facilities is extremely
relevant.

P. niveus species is recognized as one of the major heat-resistant food
spoilage species (Biango-Daniels et al., 2019). In addition to surviving
thermal processing, this species can grow in finished products stored
over a wide range of temperatures (4-38 “C) as a facultative anaerobic
organism at low oxygen pressures (0.5%) (Taniwaki et al., 2009).
Among the chemical sanitizers tested here, the strains of this species
showed low resistance when exposed to intermediate and high con-
centrations of peracetic acid, benzalkonium chloride, and iodine sani-
tizers.

Dijksterhuis et al. (2018) evaluated the efficacy of different in-
dustrial disinfectants against HRM species and reported that P. niveus
with low spore density showed sensitivity when exposed to iodine at a
concentration of 75 ppm and an exposure time of at least 30 min, al-
though it was unable to prevent the outgrowth of P. variotii when ex-
posed to this same concentration for 60 min. The authors reported that
some visible cell damage seemed to occur after iodine treatment.

3.2. Innovative agents for controlling HRM

The use of EW as a possible agent to replace sanitizers is quite recent
in the food industry (Rahman et al., 2016). Due to the low number of
agents authorized for use in the food industry and the tendency to re-
duce this number even more, besides the impacts of environmental
chemical contamination caused by chemical sanitizers, EW is a sus-
tainable alternative as no chemicals are added to their production.
Additionally, EWs are not harmful to their handlers, unlike some sa-
nitizers (Koseki et al., 2002; Lee et al., 2004).

The electrolyzing process of water uses natural elements of water,
salt, and electricity. The production of EW is performed using an
electrolytic cell, in which a saline solution is passed through, producing
two types of water: acidic electrolyzed water (AEW) and basic elec-
trolyzed water (BEW). Acidic electrolyzed water has a low pH and high
potential for oxi-reduction, while BEW has a high pH value and low oxi-
reduction potential (Hsu, 2005).

Lemos et al. (2020) evaluated EW efficacy in its acidic and basic
form against toxigenic species of Aspergillus. The authors described that
both types of water were ineffective against the different strains tested.

P. fulvus was one of the species that presented the highest resistance
when exposed to EW, and the reduction of more than two log CFU
occurred only in AEW (3) and BEW (3). This species is relatively im-
portant due to its high economic impact when spoiling heat processed
beverages or foods. When compared to other species of the genus
Paecilomyces, P. fulvus presented the highest heat resistance when
submitted to typical heat treatments used in the food industry, pre-
senting D values of 89.6 and 16.7 min at 80 and 85 °C (Hosoya et al.,
2012).

Audenaert et al. (2012) evaluated whether neutral EW was capable
of reducing the fungal growth of species of the genus Fusarium spp. in
wheat grains. The authors described that neutral EW effectively re-
duced Fusarium spp. growth. However, the use of this water may trigger
the biosynthesis of deoxynivalenol (DON), which is a mycotoxin pro-
duced by species of this fungal genus.

Two types of EW (acidic and alkaline) were also used to evaluate the
inhibition of fungal growth in wheat grains. The authors described that
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wheat grains treated with EW had lower fungal counts compared to
wheat grains that were not treated with both acidic and alkaline EW
(Lyu et al., 2018). The mechanism of action of EW is different for both
types of water. For Park et al. (2004), AEW action is related to its low
pH. The BEW or alkaline is a diluted solution of sodium hydroxide and
its mechanism of action is related to the OH radical derived from HOCI
(Abadias et al., 2012).

4. Conclusions

The present study evaluated the efficacy of different antimicrobials
against HRM. The fungal species tested presented differences in sensi-
tivity to the commercially available sanitizers to which they were ex-
posed. In particular, peracetic acid and the ortho-phenylphenol-based
smoke generator presented the best efficacy results against the HRM
tested. Biguanide and sodium hypochlorite showed unsatisfactory re-
sults and should not be chosen by the food industry when the objective
is to control HRM species through environment sanitization.
Furthermore, both types of EW were ineffective and at the concenira-
tions tested, however, further studies using higher concentrations are
suggested. The application of effective sanitizers for the disinfection of
fruit surfaces and food processing environments may contribute to re-
ducing HRM contamination in packages, equipment, and products
being manufactured, thus helping to improve spoilage prevention.
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Table 1. Efficacy of commercial sanitizers against heat-resistant fungal species.

Strains  PVO1 PV02 PVCH03 PNTO01 PNDC 01 PNBI 01 MB2579 NFF02 NFCL PFF 01 ATCC 16404 ATCC 24433
Initial
cot  551% 566% 538% 554% 550% 533% 527 547 545% 5534 567" 528"
(log)
0.30% 0.30% 0.30% 0.30% 0.30% 0.30%
Final
recovery 360% 326 4.02% 17% 1 ® an® 369" 269® 323® 2955 398 150°
(log)
1.20% 1.20% 1.20% 1.20% 1.20% 1.20%
Final
recovery 311%° 292 313 000 169® 230% 23" 147 300° 269° 284°¢ 115°
(log)
2.00% 2.00% 2.00% 2.00% 2.00% 2.00%
Final
recovery 195™ 269 230% 000° 139%° 18® 147™ 117 205 247°¢ 184° 000°
(log)
o B
Strains  PVOL PV02 PVCH03 PNTO01 PNDC 01 PNBI 01 MB2579 NFF02 NFCL PFF 01 ATCC 16404 ATCC 24433
Inal
cot  551% 566% 538% 554% 550% 538% 520 547 545% 5534 567" 528"
(log)
2.00% 200% 2.00% 2.00% 2.00% 2.00%
Final
recovery 435% 453" 441" 300® 333 397® 207 325 3g7® 384° 467® 139"
(log)
350% 3.50% 3.50% 3.50% 3.50% 3.50%
Final
recovery 4.24% 438%™ 402 265 321 365® 29 29" 387 365¢ 456° 115"
(log)
5.00% 5.00% 5.00% 5,00% 5.00% 5.00%
Final
tecovery 419" 431" 39 254 316%® 347 284" 284 384¢B 339° 443° 100°
(log)
o el
Strains  PVOL PV02 PVCH03 PNT 01 PNDC 01 PNBI 01 MB2579 NFF02 NFCL PFF 01 ATCC 16404 ATCC 24433
Inal
cot  551% 566% 538% 554% 550% 538% 520 547 545% 5534 567" 528"
(log)
0.20% 0.20% 0.20% 0.20% 0.20% 0.20%
Final
recovery 430% 429" 436" 27 2471% 292® 15 26% 335® 404® 4388 235°
(log)
0.60% 0.60% 0.60% 0.60% 0.60% 0.60%
Final
tecovery 0,00 000" 265 174% 165 117 316 000 311%™ 287° 243¢ 148°
(log)
1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Final
tecovery 0,00 000" 000" 147 154 100% 20™ 000 295% 147° 234°¢ 118°

(log
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Strains  PVO01 PV02 PVCHO3

Initial
count  551°%
(log)

Final
recovery 4,30
(log)

Final
recovery 2.7

(log)

Final
recovery 0,00 %

(log)

5,66

0.30%

407

0.60%

139

1.00%

0.00™

538

36 B

00 dac

0.00%

PNT 01 PNDC 01 PNBI 01

5544 550% 538

0.30%

165 117% 236

0.60%

117 000 154%

1.00%

000® 000% 117%

MB 2579 NFF 02

5274 547

0.30%

184" 216

000 154%

NFCL

5.45°%

404

390

365%

PFF 01

5534

0.30%

2008

0.60%

0.00¢

1.00%

0.00¢

ATCC 16404

0.60%

4758

1.00%

442°

ATCC 24433
528A
0.30%

315°

0.60%

0.00

1.00%

0.00°

Strains  PVO01 PV02 PVCHO3

Initial
count 551 %
(log)

Final
recovery 4,58

(log)

Final
recovery 4,30 "

(log)

Final
recovery 4,23

(log)

390

1.00%

390

437"

414

395

PNT 01 PNDC 01 PNBI 01

554 550 538

0.50%

346%™ 284 319

0.75%

316%™ 260° 311"

1.00%

200 187 30%

MB 2579 NFF 02

527°% 547%

0.50%

400" 274

300 239%

1.00%

281 200%

NFC1

5.45°%

374

354

347

PFF 01

5534

0.50%

2658

0.75%

2548

1.00%

239°¢

ATCC 16404

5674

0.50%

4728

0.75%

400°¢

1.00%

302°¢

ATCC 24433

5.28*

0.50%

317

0.75%

2.84

1.00%

224°

Strains PV 01
Initial
cont  551°
(log)

Final
recovery  0.00°
(log)

PV02 PVCH03

5.66°

15.0%

0.00°

538°

0.00°

PNT 01 PNDC 01 PNBI 01

554% 550* 538°

15.0%

000> 000® 000

521%  547°

15.0%

0.00° 307

MB2579 NFF02 NFCL

545°

157¢

PFF 01

553°

15.0%

0.00°

ATCC 16404

567°

15.0%

325"

ATCC 24433
528°
15.0%

110°

IDifferent lower case ketters in the same line indicate statistical difference between strains, different upper case ketters in the same column indicate statistical difference between the concentrations of
sanitizers used according to the Scott-Knott test (p <0.05).
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Table 2. Efficacy of electrolyzed water against heat-resistant fungal species.

Strains  PVOL PV02 PVCH03 PNT 01 PNDC 01 PNBI 01 MB 2579 NFF02 NFCL PFF 01 ATCC 16404 ATCC 24433
Inial
cout  551% 566 538% 554 550% 538%™ 527% 541% 545% 553" 567" 5.28A
(log)

basic (1) basic (1) hasic (1) hasic (1) basic (1) hasic (1)
Final
recovery 440" 461% 464 384" 354% 443%® 387% 365% 354" 424" 4778 390B
(log)

acid (1) acid (1) acid (1) acid (1) acid (1) acid (1)
Final
recovery 406" 436% 440% 347 3711 416® 3% 317C 31 3878 486° 332°
(log)

basic (2) basic (2) basic (2) basic (2) basic (2) basic (2)
Final
recovery 430%™ 339° 436 384% 3478 427® 365% 347" 200 1138 43¢ 3858
(log)

acid (2) acid (2) acid (2) acid (2) acid (2) acid (2)
Final
recovery 392" 432 421® 330 360" 304 306 302 339 3848 43¢ 305¢
(log)

hasic (3) basic (3) basic (3) basic (3) basic (3) hasic (3)
Final
recovery 411 330° 429% 281%™ 330%P 409 354% 339% 281 3958 42° 3308
(log)

acid (3) acid (3) acid (3) acid (3) acid (3) acid (3)
Final
recovery 365% 384% 411% 339" 339° 297" 302 297 330 3698 427° 284¢

(log)

1Different lower case letters in the same line indicate statistical difference between strains, different upper case letters in the same column indicate statistical difference hetween the different types of
electrolyzed water used according to the Scott-Knott test (p <0.05).
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4.2 ARTIGO 2: Influéncia do tipo, concentracdo, tempo de exposicdo, temperatura e presenca de
matéria organica na eficAcia antifingica de sanitizantes industriais contra Aspergillus
brasiliensis (ATCC 16404).

Influence of type, concentration, exposure time, temperature, and presence of organic load on the
antifungal efficacy of industrial sanitizers against Aspergillus brasiliensis (ATCC 16404).

Artigo publicado no periddico Food Microbiology, ISSN 0740-0020. Area de avaliagio em
Ciéncia dos Alimentos, Classificacdo Al.
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ARTICLEINFO ABSTRACT

Keywords: Parameters such as type and concentration of the active compound, exposure time, application temperature, and
Aspergillus brasiliensis (ATCC 16404) organic load presence influence the antimicrobial action of sanitizers, although there is little data in the liter-
Food indusu.'y ature. Thus, this study aimed to evaluate the antifungal efficacy of different chemical sanitizers under different
Peracetic acid conditions according to the European Committee for Standardization (CEN). Aspergillus brasiliensis (ATCC 16404)
Benzalkonium chloride . - s . .

Inactivation was exposed to four compounds (benzalkonium chloride, iodine, peracetic acid, and sodium hypochlorite) at two
Parameter different concentrations (minimum and maximum described on the product label), different exposure times (5,

10, and 15 min), temperatures (10, 20, 30, and 40 °C), and the presence or absence of an organic load. All
parameters, including the type of sanitizer, influenced the antifungal efficacy of the tested compounds. Peracetic
acid and benzalkonium chloride were the best antifungal sanitizers. The efficacy of peracetic acid increased as
temperatures rose, although the opposite effect was observed for benzalkonium chloride. Sodium hypochlorite
was ineffective under all tested conditions. In general, 5 min of sanitizer exposure is not enough and »>10 min are
necessary for effective fungal inactivation. The presence of organic load reduced sanitizer efficacy in most of the
tested situations, and when comparing the efficacy of each compound in the presence and absence of an organic
load, a difference of up to 1.5 log CFU was observed. The lowest concentration recommended on the sanitizer
label is ineffective for 99.9% fungal inactivation, even at the highest exposure time (15 min) or under the best
conditions of temperature and organic load absence. Knowledge of the influence exerted by these parameters
contributes to successful hygiene since the person responsible for the sanitization process in the food facility can
select and apply a certain compound in the most favorable conditions for maximum antifungal efficacy.

1. Introduction

Molds are widely distributed in the environment of the food industry
in the form of aerosols, which are easily translocated by air, raw mate-
rials, and deposited on equipment, packing devices, work surfaces, and
ready-to-eat products (Wigmann et al., 2018; Garcia et al., 2019; Par-
ussolo et al., 2019).

After getting into contact and contaminating food, fungi can multiply
and subsequently spoil them under favorable conditions. These unde-
sirable sensory and composition modifications cause relevant economic
losses in the food industry and raise consumer health concerns since
some fungal species are potential mycotoxin producers (Biango-Daniels
et al., 2019; Pitt and Hocking, 2009).

* Corresponding author.
E-mail address: marina.copetti@ufsm.br (M.V. Copetti).

https://doi.org/10.1016/j.fm.2021.103740

Hence, the food industry can work on the sanitization process, both
in the processing environment and the surface of raw materials, espe-
cially vegetables, in order to reduce the initial load of microorganisms to
prevent food contamination and postpone or even avoid their spoilage
(Germano and Germano, 2003; Rico-Munoz, 2017). Therefore,
chlorine-based compounds, quaternary ammonium, iodine, and per-
acetic acid are the most commonly used sanitizers in the food industry
and reduce the microorganisms in the air, raw materials, and utensil
surfaces (Campana and Baffone, 2017; Coroneo et al., 2017; Xue et al,,
2017).

Studies have suggested that sanitizer efficacy may reduce in the
presence of organic load (Shen, 2014; Teng et al., 2018), which is very
common in the food industry due to the presence of food components
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(proteins, lipids, sugar, and amino acids), blood, among others (Araijo
et al.,, 2013; Chen and Hung, 2017; Fang et al., 2016). Furthermore,
sanitizer efficacy can also be modified by two factors: temperature and
time of exposure to chemical compounds. Thus, longer contact times
improve the performance of the sanitizing process, while higher tem-
peratures help to accelerate the activation of the components in the
sanitizers. Lastly, it is also paramount to correctly choose the concen-
tration of these chemicals for effective sanitization. However, few
studies have reported the influence of these parameters on sanitizer
efficacy against microorganisms of interest in the food industry (Bel-
trame et al., 2012). In addition, no studies were found relating sanitizer
efficacy and the mentioned parameters on fungal reduction.

In this context, the objective of this study was to evaluate the efficacy
of four commercial sanitizers commonly used in the food industry
(benzalkonium chloride, iodine, peracetic acid, and sodium hypochlo-
rite) against Aspergillus brasiliensis (ATCC 16404), which is the standard
mold strain recommended for chemical sanitizer testing. Sanitizer con-
centration, exposure time, temperature, and presence or absence of
organic load were tested.

2. Materials and methods
2.1. Microorganism and standardization of the initial inoculum

A standard A. brasiliensis (ATCC 16404) strain was inoculated into
tubes containing malt extract agar (MEA) [glucose, 20 g (Neon, S3o
Paulo, Brazil); peptone, 1 g (Himedia, Mumbai, India); malt extract, 30 g
(Bacto™, MD, USA)]. After seven days of incubation at 25 °C, the
mycelium was scraped with a sterile disposable loop and serial dilutions
were made with sterile peptone water at 0.1% [peptone, 0.1 g (Himedia,
Mumbai, India); distilled water, 1 L]. The initial inoculum was stan-
dardized between 1.5 and 5 x 107 spores,/mL using a Neubauer chamber
(CRAL/C1010/Brazil).

2.2, Variables tested

The tested sanitizers authorized by the National Health Surveillance
Agency (ANVISA) for use in the food industry and their respective
concentrations, neutralizing solution, and different conditions (tem-
perature, exposure time, and presence or absence of organic load) are
shown in Table 1.

2.3. Application of variables in the in vitro test

Tests were carried out according to the model proposed for testing
antimicrobial effects by the European Committee for Standardization
(CEN) (European Standard 13,697, 2001), and powdered milk was used
as the interfering substance instead of bovine albumin. In short, 50 pL of
the initial suspension (107 spores/mL) was inoculated onto 304 2-cm
stainless steel discs. Tests with organic load presence were performed
by adding 0.05% of reconstituted powdered milk (Elegé, Sao Paulo,
Brazil) to 50 pL of the initial suspension on the discs. Discs were taken to
a 35 °C incubator for 40 min for inoculum adhesion to the discs. The
discs were then removed and placed at 10, 20, 30, and 40 °C for 30 min
with the sanitizers at their test concentrations (which were already in
the incubators for about 3 h) for temperature stabilization. Subse-
quently, 100 pL of each sanitizer was added to the discs, separately at
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their concentrations and tested temperatures, and exposed for 5, 10, or
15 min to evaluate the influence of the different variables on sanitizer
efficacy. For the non-exposed microorganisms, 100 pL of sterile distilled
water was added at 20 °C for 15 min since different tests were previously
performed with the tested variables, including time and temperature,
and no significant differences were noted.

After exposure, the discs were submerged in a neutralizing solution
(Table 1), as proposed by Jaenisch et al. (2010), and 5 g of glass beads
were used to improve inoculum detachment. After 5 min of neutraliza-
tion, serial dilutions were made in 0.1% peptone water. Finally, 1 mL
aliquots of the dilutions were added to sterile Petri plates, and then
about 20 mL of simple malt extract agar (malt extract 30 g/L, agar 15
2/L) was pour plated. Finally, the plates were incubated at 25 °C for five
days, the colonies were counted, and the results were expressed in log-
arithm colony-forming units (log CFU). A sanitizer is considered effec-
tive when it can reduce 3 log CFU compared to non-exposed
microorganisms (European Standard 13,697, 2001).

2.4. Statistical analysis

Variance analysis (ANOVA) was performed to verify differences in
the fungal reductions between treatments. Fungal recovery after sani-
tizer exposure was analyzed by the Scott-Knott test (p < 0.05). Statistical
analyses were performed using the SISVAR® software, version 5.6
(Ferreira, 2001).

A clustering heat map was created for fungal recovery count for each
of the conditions tested (Supplementary Fig. 1) using XLSTAT-OMICS
module (XLSTAT® 2018.6, www.xlstat.com). The sanitizers that ob-
tained similar results were mathematically grouped close together. The
fungal recovery counts for each treatment were colored in shades of red
(high values) to yellow (low values), as shown in the color key.

3. Results

The non-exposed A. brasiliensis (ATCC 16404) recovery value was 5.6
log CFU, whose counting was not affected by the different parameters
assayed in tests previously carried out (time, temperature, and organic
load). All studied variables influenced, to some extent, the antifungal
efficacy of the chemical compounds tested, and the sanitizers showed
differences among each other. Fungal recovery after sanitizer exposure
with different times and temperatures in tests carried out with and
without organic load are shown in Table 2. A heat map was created with
the reductions promoted by each sanitizer in different situations (Sup-
plementary Fig. 1).

The antifungal efficacy was a variable among the tested sanitizers.
The best results were achieved by peracetic acid and benzalkonium
chloride. lodine was also effective in several specific situations, although
sodium hypochlorite was never effective under the tested conditions.

The product concentration had significant relevance in the sanitizer
efficacy. The lowest concentration recommended on the product label
was never able to produce the minimum 3 log CFU reduction required by
sanitizer test efficacy according to CEN standards, even at longer
exposure (15 min) or different temperatures (p < 0.05).

The compounds showed statistical differences in efficacy at different
temperatures (10, 20, 30, and 40 °C). lodine and peracetic acid had
higher efficacy when the temperature was increased from 10 to 40 °C.
However, benzalkonium chloride showed higher efficacy at lower

Table 1

Variables used for antifungal efficacy testing.
Sanitizers Concentration (%) Temperature (*C) Time (min) Organic load Neutralizing
Benzalkonium chloride (0.3/2.0) (10/20,/30/40) (5/10/15) (With/Without) Nutrient broth with 0.5% of tween 80 and tryptone 1%
lodine (0.2/1.0) (10/20/30/40) (5/10/15) (With/Without) Nutrient broth with 0.6% of sodium thiosulphate
Peracetic acid (0.3/1.0) (10/20/30/40) (5/10/15) (With/Without) Nutrient brath with 0.6% of sodium thiosulphate
Sodium hypochlorite (0.5/1.00 (10/20/30/40) (5/10/15) (With/Without) Nutrient broth with 0.6% of sodium thiosulphate
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Table 2

Food Microbiology 97 (2021) 103740

Influence of different parameters (type and concentration of sanitizer, presence or absence of organic load, temperature, time, and concentration) in the antifungal

efficacy of sanitizers.

Sanitizers Concentration (%) Time (minutes) Absence of organic load (Log CFU) Presence of organic load (Log CFU)
Temperature (*C) 10 20 30 40 Temperature (°C) 10 20 30 40
Benzalkonium chloride  0.30% 5 177 1724 1.58 1.58 % 172 165 1.54 %4 1.54 %
10 234 223% 20258 19358 1.80 2128 2.36 b« 1753
15 275% 261 20758 20358 1.95 2.24 B 2,58 = 1.92%
2.00% 5 3.11%® 2.43 % 2148 1639 203 2355 172 1.54 %4
10 3.46 % 3.40°° 3.16 ¢ 260 3.01 % 2.99 %= 3.02%¢ 243
15 4.67 = 3.38 00 3.6350 3,440 3.21 %= 3.35°0 3.29 0« 3.13 %=
lodine 0.20% 5 1.21** 117 1.29 4 1.44 0.97 ** 1.08 ** 1218 1.29 b4
10 1.33% 1.48 %4 1.44 %4 153 1123 1375 1.36 % 1.47 ¢
15 1.44 % 1.54 %4 1.86 58 1.90 58 1.24 % 1.54 % 1615 1.65 %
1.00% 5 1.80 213 2135 270 % 1.63 % 1.86 207 2.28 46
10 2.13% 237 % 275 % 2989 1.03 % 202 % 2,50 5 283
15 270 277 % 2,93 BE 3.50 % 2.37 %« 2.37 ¥+ 2.70 ™ 2.98
Peracetic acid 0.30% 5 0.94 0.94 1.2984 1.46 0.87 % 0.99 % 1218 1354
10 1.21% 1.16* 1.36 B® 1.80 1.05 % 1.16™ 1.22% 175
15 1.24% 1.22% 1.54 ¢ 1.65 5 1.14 % 1.22% 1.47 48 2.56 b
1.00% 5 254 270 % 298 5.67 ¢ 236 % 254 % 275% 5.67 0
10 3.16 % 4,020 5.67 ¢ 5.67 27230 278 %+ 4.37 B0« 5.67 0
15 321 % 5.67 B¢ 5.67 B¢ 5.67 3.16 % 4,50 50« 5.67 % 5.67 0
Sadium hypochlorite 0.50% 5 1.10** 119 121 133 1.09** 1.00** 1184 1184
10 119 1.20 %4 1.4 141 1183 112 1.29 13548
15 135 1.24 %4 1.51 B8 1.60 58 1.33% 1165 133 1.56 ¢
1.00% 5 119 119 1.56 58 1.65 58 1153 114 1.46 % 1.63 %€
10 165 1.63 % 1.65% 167 % 1.60 * 158 1.58 ¢ 1.63 %
15 183 1.75% 213 267 % 1.86 % 1.63% 1.65 % 1.75 %+

Difference between temperatures under a same parameter of organic load is represented by lowercase letters in the same line, difference between the times of a single
sanitizer under a same parameter of organic load is represented by uppercase letter in the same column. * represent difference due the presence of organic load. Results
in bold highlight the combination of conditions where a sanitizer reached the efficacy, reducing >3 log CFU.

temperatures. No temperature influence pattern was observed for so-
dium hypochlorite, although more significant reductions usually
occurred at the highest temperature (40 *C).

Exposure time was also an important parameter, and 5 min of
exposure was generally not enough to guarantee antifungal efficacy
except for the highest peracetic acid concentration (1.0%) at the highest
temperature (40 “C) or the highest benzalkonium chloride concentration
(2.00%) at the lowest temperature (10 °C). For these two compounds,
10 min of exposure was usually enough when using the highest con-
centration, regardless of the temperature. Nevertheless, at least 15 min
was typically necessary for treatments with organic load presence.

Organic load presence interfered with the action of all sanitizers at
different exposure times, temperatures, and concentrations. The highest
efficacy reduction was observed for benzalkonium chloride at the
highest concentration (2%), exposure time of 15 min at 10 °C, and in the
presence of organic load (1.4 log CFU reduction). Nevertheless, inter-
ference was also observed for peracetic acid and the other tested
sanitizers.

3.1. Discussion

Peracetic acid completely inactivated the fungal inocula at 30 and
40 *C at the highest concentration (1%) for 10 and 15 min. Furthermore,
this reduction was also achieved at the lowest exposure time (5 min) at
40 °C in both conditions (with/without organic load). As observed in our
study, the favorable antifungal efficacy of peracetic acid is well estab-
lished in the literature and also corroborated by Bernardi et al. (2018;
2019b), Lemos et al. (2020), and Stefanello et al. (2020), who reported
good results when testing peracetic acid at room temperature. Addi-
tionally, Scaramuzza et al. (2020) obtained low fungal recovery using
high temperatures.

Benzalkonium chloride is the best compound against fungal species
at low temperatures (10 °C). However, it was only effective at the
highest concentration recommended on the product label. Lemos et al.
(2020) reported its effectiveness in controlling species of aflatoxigenic
Aspergillus spp., and Stefanello et al. (2020) also observed promising

efficacy against heat-resistant fungal strains. Paulino (2010) demon-
strated reduced efficacy of quaternary ammonium compounds in the
presence of organic load and, more specifically, Kich et al. (2004) noted
the same for benzalkonium chloride. Nevertheless, there is no consensus
since some authors have reported that benzalkonium chloride-based
compounds are stable in organic load presence (Gilbert and Moore,
2005; McDonnell and Russell, 1999).

lodine showed increased efficacy at higher temperatures and proved
to be more effective at 40 °C. Moreover, it was only considered effective
(=3-log reduction) at the highest concentration without an organic load
at 15 min of exposure. lodine was evaluated at room temperature
against heat-resistant (Stefanello et al., 2020) and toxigenic (Lemos
et al., 2020) fungal strains, including the standard A. brasiliensis (ATCC
16404) strain in both studies, and satisfactory results were reported
against most of the studied species at intermediate and high concen-
trations considering the recommendations on the product label. This
compound is less commonly used in the food industry compared to the
other sanitizers previously mentioned. According to Andrade (2008),
iodine may introduce odors to some products and is less effective than
chlorinated compounds for bacterial spores. Nonetheless, this was not
observed in our study for fungi, given that iodine showed better results
than sodium hypochlorite, as also demonstrated by Stefanello et al.
(2020) and Lemos et al. (2020).

Furthermore, sodium hypochlorite was the only sanitizer ineffective
(unable to reduce 99.9% of the exposed population) against
A. brasiliensis (ATCC 16404) at all concentrations tested, even in the
absence of an organic load. Therefore, this compound should not be
chosen when the objective is to control fungal contamination (Bernardi
et al., 2019b; Lemos et al., 2020; Stefanello et al., 2020) unless higher
concentrations are applied and above those recommended on the
product label (Bernardi et al., 2019a).

Regarding concentration, all sanitizers tested were ineffective at the
lowest concentration recommended on the sanitizer label. Conversely,
the most commonly employed concentrations by food facilities are
similar to the lowest concentration tested in this study (Menegaro et al.,
2016; Bernardi et al., 2021). Likewise, Bernardi et al. (2018)

43



A. Stefanello et al.

emphasized that the choice of the concentration used for correct sani-
tization must be reviewed, especially for fungal control, and the highest
concentration indicated by the manufacturer should be used preferably.
Nevertheless, this high concentration is not commonly applied in the
food industry due to the strong odor, irritation to humans, and damage
to equipment, such as oxidation.

Sodium hypochlorite showed the second largest reduction in effec-
tiveness due to organic load presence, a difference of 0.92 log CFU
compared to the absence of this interferent when tested at the highest
concentration for 15 min at 40 °C. Besides enhancing sanitizer efficacy,
eliminating organic load also reduces biofilm (Chaves, 2004) and
trihalomethane formation (Gomez-Lopez et al., 2017). From a practical
point of view, a cleaning step in the sanitization process should be
carried out correctly and routinely to minimize the presence of sub-
stances that can affect the efficacy of the sanitizer that will be applied to
inactivate pathogenic and spoilage microorganisms (Grezzi, 2008). This
action allows the antimicrobial agents to act more directly and effi-
ciently on the surfaces to be disinfected.

The parameters tested in our study are practical and relevant to
adapt hygiene protocols in the food industry while aiming to improve
fungal control. The need for adequate removal of organic load in the
cleaning steps to improve sanitizer efficacy, the importance of using
products with active principles of antifungal action, and the use of
effective concentrations are explicit, given that the lowest concentra-
tions recommended on the product label were not enough in all tested
cases. The significant effects of temperature and exposure time in sani-
tizer efficacy for mold inactivation was also observed. Regarding the
temperature of the solution applied in the sanitization processes, ben-
zalkonium chloride should be prioritized when using well water (with
no heating), while peracetic acid should be used at higher temperatures
in the sanitizing process. Moreover, the sanitizer must come into contact
with the surface to be sanitized for at least 10 min for effective
sanitation.

The information demonstrated herein can serve as a reference point.
However, the variation in the sensitivity of fungal species and isolates
causing problems in different food facilities (dairy, bakery, meat, juice,
among others) to different sanitizers compared to the standard strain
Aspergillus brasiliensis (ATCC 16404) may occur and have already been
reported (Bernardi et al., 2019b; Lemos et al., 2020; Stefanello et al.,
2020). Therefore, it is highly recommended that each particular indus-
trial facility test the sensitivity of the main spoilage agents isolated from
their respective food products, under the specific sanitization parame-
ters applied, to choose the best option for contrelling these contami-
nants, which may consequently lead to fewer cases of early spoilage and
reduce losses.

4. Conclusion

After evaluating the influence of parameters such as the type and
concentration of sanitizers, temperature, concentration, exposure time,
and organic load presence on the efficacy of four commercial sanitizers
against Aspergillus brasiliensis (ATCC 16404), it was possible to conclude
that all parameters studied influenced the antifungal efficacy of the
compounds tested. Peracetic acid and benzalkonium chloride were the
best antifungal sanitizers, as peracetic acid showed higher antifungal
efficacy as the temperature increased, while the opposite effect was
observed for benzalkonium chloride. The lowest concentration recom-
mended on the product label was ineffective for the 99.9% fungal
inactivation required, even at the highest exposure time (15 min) or the
best conditions of temperature and absence of organic load for all tested
sanitizers. In general, 5 min of sanitizer exposure is not enough, and at
least 10 min is necessary for effective fungal inactivation. The results
also showed that organic load presence reduced sanitizer efficacy in
most situations. With this study, the importance of closely studying
sanitizer action to understand which parameters can be modified during
a hygiene process to improve the sanitizer action was highlighted.

Food Microbiology 97 (2021) 103740
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This study was supported by Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPg) (Processes 428454/2018-6 and
303570/2019-9); and the Coordenacao de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) through graduate grants to AS, JGL, MVG,
and BAS (Financial code 001), and Fundacdo de Amparo 4 Pesquisa do
Rio Grande do Sul (FAPERGS) for undergraduate scholarships for J. C.
F., and M. S.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fm.2021.103740.

References

Andrade, N_J., 2008. Higiene na Indistria de Alimentos: avaliacio e controle da adesdo e
formacio de biofilmes bacterianos. Sio Paulo, Varela, p. 412,

Araiijo, P.A., Lemos, M., Mergulhio, F., Melo, L., Simaes, M., 2013. The influence of
interfering substances on the antimicrobial activity of selected quaternary
ammonium compounds. Int. J. Food Sci. Technol. 2013, 1-9. hiips://doiorg/
10.1155/2013/237581.

Beltrame, C.A., Kubiak, G.B., Lerin, L.A., Rottava, L, Mossi, AL, Oliveira, D., Cansian, R.
L., Treichel, H., Toniazzo, G., 2012 Influence of different sanitizers on food
contaminant bacteria: effect of exposure temperature, contact time, and product
concentration. Clenc. Tecnol. Aliment. 32, 228-233, hiips://dolorg/10.1590/
S0101-2061 2012005000046,

Bernardi, A.O., Stefanello, A., Garcia, M., Parussolo, G., Stefanello, R.F., Moro, CB.,
Copetti, M.V, 2018. Efficacy of commercial sanitizers against fungi of concern in the
food industry. Lebensm. Wiss. Technol. 97, 25-30. hutps://dolorg/10.1016/].
lwt.2018.06.037.

Bernardi, A.0., Garcia, M.V., Copetti, M.V, 2019a. Food industry spoilage fungi control
through facility sanitization. Curr Opin Food Sci 29, 28-34. hups://doi.org/
10.1016/j.cofs.2019.07.006.

Bernardi, A.O., Stefanello, A., Lemos, J.G., Garcia, M.V., Copetti, M.V., 2019b.
Antifungal activity of commercial sanitizers against strains of Penicillium rogueforti,
Penicillium paneum, Hyphopichia burtonii, and Aspergillus pseudoglaucus: bakery
spoilage fungi. Food Microbiol. 83, 59-63. huips://dolorg/T0.1016/].
fm. 2019.04.005.

Bernardi, A.Q., Stefanello, A., Garcia, M.V., Copetti, M.V., 2021. The control of cheese
and meat products spoilage fungi by sanitizers: in vitro testing and food industry
usage. Submmited.

Biango-Daniels, M.N., Snyder, A.B., Worobo, R.W., Hodge, K.T., 2019. Fruit infected with
Paecilomyces niveus: a source of spoilage inoculum and patulin in apple juice
concentrate? Food Contr. 97, 81-86. hitps://dolorg/10.1016/.
foodeont. 2018.10.020.

Campana, R., Baffone, W., 2017. Assessment of antimicrobial activity in different

sanitizer products commonly used in food processing environment and home seiting.
EC Microbiol. 12, 260-268.

Chaves, L.C.D., 2004. Estudo da ciéncia de formagdo de biofilmes em superficies em
contato com dgua potivel. 139p. Dissertacio (Mestrado em Tecnologia do
Ambiente). Universidade do Minho, Braga.

Chen, X., Hung, Y.C., 2017. Effects of organic load, sanitizer pH and initial chlorine
concentration of chlorine-based sanitizers on chlorine demand of fresh produce wash
waters. Food Contr. 77, 96-101. https://dolorg/10.1016/].foodcont 2017.01.026.

Coroneo, V., Carraro, V., Marras, B, Marrucel, A., Succa, S., Meloni, B., Schintu, M.,
2017. Presence of Trihalomethanes in ready-to-eat vegetables disinfected with
chlorine. Food Addit. Contam. 34, 1-7. hitps://dol.org/ 10,1080/
19440049.2017.1382723,

Fang, J.L., Cannon, J.L,, Hung, Y.C., 2016. The efficacy of EO waters on inactivating
norovirus and hepatitis A virus in the presence of organic load. Food Contr. 61,
13-19. hitps://doi.org/10.1016/].foodcont. 2015.09.011.

Ferreira, D.F., 2001. Sisvar: a computer statistical analysis system. Cienc. E Agrotecnol
35, 1039-1042. hiips://doi.org/10.1590,/51413-7054201 1000600001.

Garcia, M.V., Bernardi, A.O., Parussolo, G., Stefanello, A., Lemos, J.G., Copetti, M.V,
2019. Spoilage fungi in a bread factory in Brazil: diversity and incidence through the
bread-making process. Food Res. Int. 126, 108593, hups://dolorg/10.1016/]).
foodres. 2019108593,

Germano, P.M.L., Germano, M.LS., 2003. Higiene e vigilinecia sanitiria na inddstria de
alimentos. Sao Paulo, Livraria Varela.

44



A. Stefanello et al.

Gilbert, P., Moore, LR., 2005. Cationic antiseptics: diversity of action under a common
epithet. J. Appl. Micrabiol. 99, 703-715. htips://dolorg/10.1111/].1365-
2672.2005.02664 x.

Gomez-Lpez, V.M., Gil, LM., Allende, A., 2017. A novel electrochemical device as a
disinfection system to maintain water quality during washing of ready to eat fresh
produce. Food Contr. 71, 242-247. hiips://doLorg/10.1016/).
foodcont.2016.07.001.

Grezzi, G., 2008, Limpeza e desinfeecdio na avieultura. Ergomix [online]. Available at: hit
p://pt.engormix.com/MAavicultura/saude/artigos/limpezadesinfeccap-avicultura
-1100/165-p0.him. (Accessed 1 April 2020).

Jaenisch, FR.F,, Kuchiishi, 5.5., Coldebella, A., 2010. Atividade antibacteriana de
desinfetantes para uso na producdo organica de aves. Ciéncia Rural. 40, 384-388,

Kich, J.D., Borowsky, L.M,, Silva, V.5., Ramenzoni, M., Triques, N., Kooler, F.L.,
Cardoso, M.RLL, 2004. Evaluation of the antibacterial activity of six commercial
disinfectants against Salmonella Typhimurium strains isolated from swine. Acta Sci.
Vet. 32, 33-30.

Lemos, J.G., Stefanello, A., Bernardi, A.O., Garcia, M.V., Magrini, L.N,, Cichoski, A.J.,
Wagner, K., Copetti, M.V., 2020. Antifungal efficacy of sanitizers and electrolyzed
walers Aspergillis. Food Res. Int. 137, 109451, hups://dolorg/
10.1016/].foodres. 2020.109451.

McDonnell, G., Russell, A.D., 1999, Antiseptics and disinfectants: activity, action, and
resistance. Clin Microbiol Ver 12, 147-179. hups://dol.org/10.1128/CMR.12.1.147.

Parussolo, G., Bernardi, A.O., Garcia, M.V., Stefanello, A, Silva, T.5., Copetti, M.V.,
2019. Fungi in air, raw materials and surface of dry fermented sausage produced in
Brazil. Lebensm. Wiss. Technol. 108, 190-198. hips://dolorg/10.1016/].
lwt.2019.03.073.

Paulino, C.A., 2010. Anti-sépticos e desinfetantes. In: Spinosa, H.S., Gorniak, S.L.,
Bernardi, M.M. (Eds.), Farmacologia aplicada & medicina veterindria. Guanabara
Koogan, Rio de Janeiro, pp. 440-452.

Food Microbiology 97 (2021) 103740

Pitt, J.I, Hocking, A.D., 2009. Fungi and Food Spoilage. Springer, US.

Rico-Munogz, E., 2017, Heat resistant molds in foods and beverages: recent advances on
agsessment and prevention. Curr. Opin. Food Sci. 17, 75-83. hups//dol.org/
10.1016/).c0f5.2017.10.011.

Searamuzza, N., Mutt, P., Cigarini, M., Berni, E, 2020. Effect of peracetic acid on
ascospore-forming molds and test microorganisms used for bio-validations of
sanitizing processes in food plants. Int. J. Food Microbiol. 332, 108772, hitps://dol.
org/10.1016/].ijfoodmicro. 2020.108772

Shen, C., 2014. Evaluation of chlorine efficacy against Escherichia coli 0157: H7 survival
and eross-contamination during continuous produces washing process with water
quality change. Int. J. Food Sci. Nutr. Diet. 3, 89-93. hups://dolorg/10.19070/
2326-3350-1400018.

Stefanello, A., Magrini, L.N., Lemos, J.G., Garcia, M.V., Bernardi, A.0., Cichoski, A.,,
Copetti, M.V., 2020. Comparison of electrolized water and multiple chemical
sanitizer action against heat-resistant molds (HRM). Int. J. Food Microbial. 335,
108856. https://doi.org/10.1016/] ijfoodmicro. 2020.108856.

Teng, Z., Luo, Y., Alborzi, §., Zhow, B., Chen, L., Zhang, J., Zhang, B., Millner, P.,
Wang, Q., 2018. Investigation on chlorine-based sanitization under stabilized
conditions in the presence of organic load. Int. J. Food Microbiol. 266, 150-157.
hutps://doi.org/10.1016/.ijffoodmicro.2017.11.027.

Wigmann, E.F., Jahn, R.C., Sherer, C.D., Saccomori, F., Alcano-Gonzales, M.J.,

Copetti, M.V., 2018. Detection and identification of Penicillium spp. in a frozen
chicken nuggets production facility. Food Microbiol. 70, 42-48. hips://dol.org/
10.1016/j.fm.2017.09.002.

Xue, R., Shi, H., Ma, Y., Yang, J., Hua, B., Inniss, E.C., Eichholz, T., 2017. Evaluation of
thirteen haloacetic acids and ten trihalomethanes formation by peracetic acid and

chlorine drinking water disinfection. Chemosphere 189, 349-356. hutps://dolorg/
10.1016/).chemosphere. 2017.09.059.

45



46
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5 DISCUSSAO GERAL

As espécies fungicas termorresistentes sdo consideradas preocupantes para a industria
alimenticia devido a sua resisténcia aos processos de alta pressdo e pasteurizagdo empregados no
processamento de alimentos (RICO-MUNOZ, 2017), assim 0s processos de sanitizagdo adquirem
relevancia para prevenir que este grupo de micro-organismos adentre ao processamento através da
inativacdo dos esporos presentes tanto no ambiente fabril ou nas matérias-primas. Assim, esse
estudo teve como propdsito investigar a sensibilidade de diferentes espécies termorresistentes aos
sanitizantes quimicos, um sanitizante gerador de fumaca e aguas eletrolisadas, visto que 0 sucesso
do processo de higienizacdo depende fundamentalmente da eficacia dos agentes antimicrobianos na
inativacdo das espécies potencialmente deteriorantes e/ou patogénicas.

Com esse estudo pode-se observar que a biguanida e o hipoclorito de sodio apresentaram
baixa eficcia, enquanto que os sanitizantes a base de acido peracético, ortofenilfenol e iodo foram
0s agentes mais eficaz frente as espécies termorresistentes confrontadas. Mesmo assim, entre as
especies testadas, o A. aureoluteus (NFC1) foi resistente a todos os agentes nas concentracdes
avaliadas. As AE também ndo induziram reducdes microbianas em nivel suficiente para serem
consideradas eficazes frente as cepas termorresistentes, tendo reduzido em média 40% da populagéo
exposta.

O 4cido peracético apresentou eficacia nas concentracdes 0,60 e 1,00% para a maioria das
cepas fungicas termorresistentes testadas. No entanto, Bernardi et al. (2020) relataram que as
indUstrias de alimentos utilizam concentracfes abaixo da intermediria e comumente préxima a
concentra¢do mais baixa recomendada no rétulo do produto, sendo assim, essa informacéo seria um
fator limitante para o controle dessas espécies termorresistentes.

O sanitizante gerador de fumaca a base de ortofenilfenol é uma das alternativas utilizadas para
a reducdo da carga microbiana presente na industria de alimentos, nesse estudo esse sanitizante
atingiu eficacia para oito (PV 01; PV 02; PVCH 03; PNT 01; PNDC 01; PNBI 01; PFF 01; MB
2579) das dez cepas fungicas termorresistentes testadas reduzindo 4 log UFC, se mostrando um
importante agente no controle desse grupo de micro-organismos. O ar ambiente da industria de
alimentos € um meio importante para disseminacdo da contaminagdo. Os esporos fungicos
usualmente oriundos das materias-primas e liberados na forma de aerosséis no ar, se depositardo
nas superficies dos equipamentos e matérias-primas, elevando a carga microbiana no ambiente e
predispondo & contaminagdo do produto ao longo ou ap0s seu processamento. A preocupacao é

ainda maior quando se trata de especies flngicas termorresistentes, pois estas ndo s&o
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completamente inativadas por parte dos processos de calor e alta-pressdo aplicados pela industria de
alimentos (FILIPA & SILVA, 2020).

O gerador de fumaca por ser difundido por via aérea, consegue acessar locais de dificil acesso
em industrias de alimentos (SHOLBERG et al., 2004), diferentemente dos sanitizantes quimicos.
Mas, esse composto ndo pode entrar em contato com o0s alimentos e seu manuseio deve ser
realizado com bastante cuidado pelos manipuladores, devido ao fato que ele pode irritar a pele e 0s
olhos. Estes fatores ainda limitam a sua utilizacdo com uma maior frequéncia na industria de
alimentos. Bernardi et al. (2020), realizaram um levantamento em 20 estabelecimentos alimenticios
onde foram solicitadas informacgdes sobre os produtos, composicdo e diluicGes utilizadas no
processo de sanitizag&o, os autores relatam que em nenhum dos 20 estabelecimentos fazem o uso do
sanitizante gerador de fumaca a base de ortofenilfenol.

Assim como o acido peracético e o ortofenilfenol, o iodo apresentou resultados satisfatérios
frente as espécies estudadas nas concentragdes de 0,60 e 1,00%, reduzindo mais de 5 log UFC para
as cepas de P. variotii. Lemos et al. (2020) também observaram eficacia desse composto frente as
espécies Aspergillus flavus, Aspergillus nomius e Aspergillus parasiticus. No entanto, devido a
algumas caracteristicas desse composto serem indesejaveis, como a liberagcdo de odor e sabor nos
alimentos, esse sanitizante é pouco utilizado pela industria de alimentos (Bernardi et al., 2021;
Nascimento et al., 2010).

Diferentemente do iodo, a biguanida e o hipoclorito de sédio sdo amplamente utilizados pela
indUstria alimenticia, essa informacéo acaba sendo preocupante devido aos resultados desse estudo
e de estudos anteriores da eficacia desses sanitizantes em relacdo aos fungos. A biguanida foi o
sanitizante que apresentou menor eficacia frente as espécies fungicas termorresistentes, sendo eficaz
apenas para a cepa Paecilomyces niveus (PT 01) na concentracdo mais alta testada (5,00%) e para a
cepa padrdo Candida albicans (ATCC 24433) nas trés concentragdes testadas. Lemos et al. (2020)
descreveram resultados semelhantes encontrados desse composto no controle fangico de
Aspergillus toxigénicos, onde ndo foi observada eficicia frente a nenhuma cepa estudada, apenas
para a cepa padrdo Candida albicans (ATCC 24433). Bernardi et al. (2020) relataram que
geralmente a concentracdo utilizada pela industria de alimentos para esse composto é entre 0,3 a
1%, concentracOes ineficazes para o controle fangico. Com isso, esse estudo reforca ainda mais a
ineficacia da biguanida no controle fangico, demonstrando que esse composto ndo deve ser o
escolhido para o processo de higienizacédo e se escolhido ndo devem ser utilizadas as concentragoes

trazidas pelo rotulo, e sim concentragdes mais altas.
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O hipoclorito de sddio foi eficaz apenas para trés cepas termorresistentes (A. australensis NFF
02, P. fulvus PFF 01 e P. niveus PNDC 01) na concentracdo mais alta testada (1%; 800 ppm). Na
concentracdo mais baixa testada que € a geralmente a utilizada pela industria de alimentos conforme
Bernardi et al. (2021), esse composto nédo foi eficaz para nenhuma das cepas estudadas.

O cloreto de benzalconio apresentou resultados satisfatorios quando confrontado com
espécies termorresistentes, ndo atingindo a reducdo minima de 3 log UFC para apenas duas cepas
testadas P. variotii (PV 02) e A. aureoluteus (NFC 1).

Além dos experimentos para avaliacdo da eficacia de sanitizantes frente as espécies fungicas
termorresistentes, foram avaliados fatores que poderiam influenciar a atividade antifingica dos
sanitizantes. Poucos estudos relacionados a diferenca de eficacia dos sanitizantes quimicos em
diferentes condicdes de uso foram encontrados (BELTRAME et al., 2012; NASCIMENTO et al.,
2010), sendo ainda mais raros os que avaliam multiplos fatores e fungos. Desta maneira foi
realizado um estudo com os principais sanitizantes quimicos utilizados na inddstria alimenticia
avaliando sua eficacia em diferentes condi¢cBes de uso como tempo, temperatura, concentracdo e
matéria organica (presenca ou auséncia) frente ao micro-organismo A. brasiliensis (ATCC 16404),
cepa padrdo para testes com sanitizantes.

Os sanitizantes quimicos quando foram expostos em diferentes condi¢Ges frente a cepa
padrdo, apresentaram diferenca de eficacia para todas as variaveis testadas, demonstrando que as
mesmas interferem na eficacia de cada composto. Além disso, também foi observado que alguns
sanitizantes sdo mais eficazes em temperaturas mais baixas como o cloreto de benzalcénio (10 °C),
outros em temperatura mais alta como o iodo e acido peracético (40 °C). A presenca de matéria
organica foi umas das variaveis mais relevantes estudadas, reduzindo a eficacia em até 1,5 log UFC
do composto cloreto de benzalconio.

Quando avaliado em diferentes variaveis, o acido peracético frente a cepa padrdo para testes
de desinfetantes A. brasiliensis (ATCC 16404), reduziu em 5 log UFC a populacdo exposta em
temperatura de 40 °C tanto em presenca quanto na auséncia de matéria orgénica. Entre os
sanitizantes quimicos autorizados para uso na industria de alimentos, 0 acido peracético vem
apresentando resultados interessantes frente a diferentes espécies fungicas (BERNARDI et al.,
2018; BERNARDI et al., 2019). Em um estudo realizado por Menegaro et al. (2016), onde um
levantamento de dez estabelecimentos de alimentos no estado do Parana (Brasil) foi realizado, o
acido peracético foi o segundo sanitizante mais utilizado por esses estabelecimentos para 0 processo

de sanitizacgéo.
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O hipoclorito de sodio foi uns dos mais afetados pela presencga de matéria organica, reduzindo
aproximadamente 1 log UFC na sua eficicia frente ao A. brasiliensis (ATCC 16404.) Esse
composto € considerado um dos mais utilizados pela industria de alimentos para o controle
microbiano (MENEGARO et al., 2016), apesar de trabalhos recentes demonstrarem sua baixa
eficacia para o controle de fungos (BERNARDI et al., 2019, LEMOS et al., 2020; MENEGARO et
al., 2016). A presenca de matéria organica durante o processo de higienizacdo é bastante comum na
industria de alimentos. GoOmez-lopez et al. (2017), descreveram que o cloro pode reagir com matéria
organica podendo levar a formacéo de trialometano, e muitos desses sdo considerados compostos
quimicos cancerigenos.

O cloreto de benzalcénio também teve sua eficécia reduzida na presenca de matéria organica
em aproximadamente 1,50 log UFC. Nascimento et al. (2010) haviam descrito a baixa eficacia do
quaternario de aménia na presenca de proteinas. Outro resultado interessante observado em nosso
estudo, demonstrou que que esse composto apresenta melhores resultados de eficacia quando
aplicado em baixas temperaturas (10 °C), diferentemente do iodo e &cido peracético que agiram
melhor em temperatura de 40 °C. Esse resultado pode ser vantajoso para algumas industrias de
alimentos, visto que nesta etapa do processo de higienizacdo ndo seria necessario aquecer a agua
para a realizacao da sanitizagdo dos equipamentos e do ambiente.

O tempo de aplicacdo de 15 minutos geralmente é estipulado no rétulo dos sanitizantes pelos
fornecedores, embora nem sempre seja respeitado pelas industrias. Com este estudo pudemos
observar que o tempo de exposi¢do do sanitizantes durante 5 minutos nao seria suficiente para uma
efetiva acdo dos sanitizantes estudados, exceto para o acido peracético na concentracao de 1,00% na
temperatura de 40 °C ou para o cloreto de benzalcénio na concentragdo 2,00% na temperatura de 10
°C. Para esses dois compostos o tempo de exposi¢cdo de 10 minutos na concentracdo mais alta
testada ja seria suficiente para a reducdo de 3 log UFC da cepa padrdo A. brasiliensis (ATCC
16404).

Outra variavel que deve ser avaliada com cuidado no momento do processo de higienizagéo é
a concentracdo do sanitizante que serd utilizada. As concentragdes mais baixas testadas ndo foram
eficazes quando esses compostos foram aplicados nas diferentes variaveis de tempo, temperatura e
presenca/auséncia de matéria organica. Mostrando mais uma vez, que as concentragdes mais baixas
estipuladas no rotulo devem ser evitadas quando o objetivo for o controle fungico. Bernardi et al.,
(2019) haviam relatado em seu estudo a baixa eficacia das concentragcdes mais baixas trazidas no

rétulo de cada sanitizante.
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6 CONCLUSAO GERAL

A partir dos resultados encontrados, pode-se concluir que as espécies flungicas
termorresistentes apresentam diferenca de sensibilidade quando expostas a diferentes agentes
antimicrobianos. Entre as espécies estudadas, Aspergillus aureoluteus apresentou tolerancia a todos
0s compostos testados. O gerador de fumaca a base de ortofenilfenol e o acido peracético
apresentaram os melhores resultados para o controle dessas espécies fungicas. O gerador de fumaca
apresentou eficacia frente a oito das dez cepas termorresistentes avaliadas, sendo um resultado
interessante apesar desse composto ainda ser pouco utilizado pela industria alimenticia. Ja o acido
peracético apresentou eficdcia na sua concentracdo mais alta para nove cepas termorresistentes.
Além disso, para a obtencdo dos melhores resultados em todos os sanitizantes quimicos estudados
deve-se priorizar a concentracdo mais alta estipulada no rétulo do produto, visto que nesse estudo as
concentracdes mais baixas estipuladas pelos fabricantes ndo foram eficazes.

As AE nas concentragdes testadas nesse estudo ndo foram eficazes para nenhuma das espécies
termorresistentes, nas concentracfes mais baixas testadas de ambos os tipos de AE foram capazes
de reduzir apenas 12-18% da populacdo exposta da cepa Paecilomyces variotii (PVCH 03). Mas em
geral, as AE de ambos o0s tipos e concentracdes reduziram em média 45% das populacfes testadas
quando expostas frente a esses agentes. Com isso, seria necessario a realizacdo de trabalhos futuros
avaliando as aguas eletrolisadas em concentra¢des mais altas.

Foi possivel concluir que diferentes pardmetros como temperatura, tempo, concentracdo e
presenca de matéria organica frente a cepa padrdo Aspergillus brasiliensis (ATCC 16404),
influenciaram na eficacia dos sanitizantes. A presenca de matéria organica reduziu em até 1,5 log
UFC a eficacia do composto cloreto de benzalcénio. O tempo de exposicao deve ser de 15 minutos,
sendo que em 5 minutos de exposi¢do ndo houve uma inativacdo fungica adequada para nenhum
dos compostos estudados. O acido peracético e o iodo apresentaram melhores resultados de
inativacdo fangica na temperatura mais alta estudada (40° C), diferentemente do cloreto de

benzalcdnio cuja maior acdo ocorreu na temperatura de 10 °C.

O desenvolvimento desse trabalho contribuiu para diminuir algumas lacunas existentes no
tema abordado, fornecendo informacOes relevantes sobre o controle fungico de espécies
termorresistentes, bem como sobre as condi¢cdes de uso mais adequadas para obtencdo da maior

eficicia para compostos sanitizantes de uso comum em industrias alimenticias.
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