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RESUMO

Sucos de frutas sdo bastante consumidos devido as suas caracteristicas de sabor,
aspecto refrescante e por ser reconhecidamente um alimento saudavel. No entanto,
também sdo susceptiveis a deterioracdo microbiana e representam risco para o
consumidor quando patdgenos estdo presentes no produto. Por isso, necessitam de
aplicacdo de tecnologias de conservacao eficazes que possibilitem a extensdo da
sua vida de prateleira. Para tal, estes sucos sdo pasteurizados e adicionados de
conservantes, porém, estes tratamentos apresentam desvantagens, como por
exemplo, a destruicdo de importantes constituintes alimentares. Assim, faz-se
necessario o emprego de tecnologias de conservacdo que nao apresentem tais
efeitos, a citar o uso de Oleos essenciais. Diante deste contexto, objetivou-se avaliar
a eficacia da aplicagdo dos 6leos essenciais de Mentha arvensis L. e M. piperita L.
no controle de bactérias patogénicas (E. coli, L. monocytogenes e Salmonella
Enteritidis) em sucos de frutas (abacaxi, caju, goiaba e manga). Foram determinadas
as Concentracdes Inibitérias Minimas (CIM) de cada 6leo essencial frente ao indculo
misto das cepas. Os efeitos dos 6leos essenciais na reducédo de 5 logio UFC/mL, em
meio laboratorial e nos sucos, e sobre caracteristicas fisico-quimicas e sensoriais
dos produtos foram avaliados. Além disso, foram investigados os danos causados
pelos 6leos essenciais nas células bacterianas. Os valores da CIM dos 6leos
essenciais de M. arvensis L. e M. piperita L. foram 5 e 10 yL/mL, respectivamente. A
incorporacgéo de 5, 2,5, 1,25 ou 0,625 yuL/mL de M. arvensis L. em caldo BHI causou
uma reducdo > 5 logio UFC/mL nas contagens de E. coli e Salmonella Enteritidis
apos 24 h de armazenamento refrigerado, enquanto apenas a concentracdo de 5
puL/mL foi capaz de causar esta reducéo de L. monocytogenes. Apenas 10 yL/mL de
M. piperita L. causou reducéo > 5 logio UFC/mL na contagem das trés cepas apos
24 h de armazenamento refrigerado em caldo BHI. Resultados similares foram
observados no suco de manga. Porém, nos sucos de abacaxi, caju e goiaba, em
todas as concentracdes testadas, os 6leos essenciais foram capazes de reduzir as
contagens microbianas (> 5 logio UFC/mL) em apenas 1 h de armazenamento
refrigerado. Os 6leos essenciais ndo alteraram o °Brix, o0 pH e a acidez dos sucos,
mas afetaram negativamente o sabor e a aceitacdo global dos produtos. Na anélise
de citometria de fluxo verificou-se que os 6leos essenciais inativam as células de E.
coli, L. monocytogenes e Salmonella Enteritidis por meio de um mecanismo
multialvo, que aumenta a permeabilidade da membrana citoplasmatica, despolariza
a membrana, inibe a bomba de efluxo e a atividade respiratéria. Estes resultados
indicam que os O6leos essenciais de Mentha spp., em baixas concentragdes,
apresentam-se como alternativa promissora para conservagao de sucos de frutas.
Mas, o uso combinado com outras tecnologias de conservacdo é necessario para
reduzir os seus impactos negativos sobre os parametros sensoriais.

Palavras-chave: Antibacteriano. Bactérias. Mentha. Suco de fruta.



ABSTRACT

Fruit juices are widely consumed due to characteristics as flavor, refreshing aspects
and for being admittedly a healthy food. Nevertheless, they are also susceptible to
microbial deterioration and pose a risk to the consumer when pathogens are present.
Therefore, the application of effective conservation technologies in fruit juices has
been required to allow the extension of their shelf life. In general, fruit juices are
pasteurized and preservatives are added to their compositions. However, these
treatments have as drawback the destruction of important food constituents. Thus, it
is necessary the application of conservation technologies that do not present such
effects, to mention the use of essential oils. The objective of this study was to
evaluate the efficacy of the essential oils of Mentha arvensis L. and M. piperita L. in
the control of pathogenic bacteria (E. coli, L. monocytogenes and Salmonella
Enteritidis) in fruit juices (pineapple, cashew, guava and mango). The Minimum
Inhibitory Concentrations (MIC) of each essential oil were determined against the
mixed inoculum of the strains. The effects of the essential oils in the reduction of 5
logio CFU/mL, in laboratory medium and in the juices, and on physical-chemical and
sensorial characteristics of the products were evaluated. In addition, the damage
caused by essential oils in bacterial cells has been investigated. The MIC values of
the essential oils of M. arvensis L. and M. piperita L. were 5 and 10 uL/mL,
respectively. The incorporation of 5, 2.5, 1.25 or 0.625 uyL/mL M. arvensis L. into BHI
broth caused a reduction > 5 logio CFU/mL in the counts of E. coli and Salmonella
Enteritidis after 24 h of refrigerated storage, whereas only the concentration of 5
ML/mL was able to cause this reduction of L. monocytogenes. Only 10 pL/mL M.
piperita L. caused a reduction > 5 logio CFU/mL in the count of the three strains after
24 h of refrigerated storage in BHI broth. Similar results were observed in mango
juice. However, in pineapple, cashew and guava juices, at all concentrations tested,
essential oils were able to reduce microbial counts (> 5 logio CFU/mL) in only 1 h of
refrigerated storage. The essential oils did not change the °Brix, pH and acidity of the
juices, but negatively affected the taste and the overall acceptance of the products. In
flow cytometric analysis it was found that the essential oils inactivated the E. coli, L.
monocytogenes and Salmonella Enteritidis cells by means of a multi-target
mechanism, which increases the permeability of the cytoplasmic membrane,
depolarizes the membrane, inhibits the efflux and respiratory activity. These results
indicate that the essential oils of Mentha spp., in low concentrations, are presented
as a promising alternative for the preservation of fruit juices. Nevertheless, it is
suggested that the combined use of the Mentha spp. essential oil with other
conservation technologies may be necessary to reduce its negative impacts on
sensory parameters.

Keywords: Anti-bacterial. Bacteria. Mentha. Fruit juices.
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1 INTRODUCAO

O Brasil é o terceiro maior produtor mundial de frutas, com cerca de 43
milnbes de toneladas de frutas frescas colhidas no ano de 2015, em
aproximadamente de dois milhdes de hectares, distribuidos por todas as regides do
pais, sendo um dos segmentos mais importantes da agricultura brasileira
(TREICHEL et al., 2016). Concomitante ao aumento da producao de frutas no Brasil,
ocorre a falta de adequacdo dessa producdo, problemas logisticos de
armazenamento, transporte e comercializacdo, como também alteracdes climaticas,
gue geram perdas poés-colheita na ordem de 20 a 50%. Além disso, ocorre 0 gasto
de valiosos recursos na producdo, como agua e energia, emissfes desnecessarias
de diéxido de carbono, além de perda do valor econémico dos alimentos produzidos
(FAO, 2011).

Diante deste panorama, acredita-se que a industrializacdo de frutas possa ser
o caminho para a reducdo dos desperdicios e também para agregacdo de valor,
alcancados pelo processamento em produtos derivados, como doces, geleias, e,
principalmente, sucos, cuja producdo ocupa papel de relevancia no agronegocio
mundial (TREICHEL et al., 2016). Apesar de ndo haver estatisticas oficiais que
permitam estabelecer com precisdo as perdas e a parte destinada para o
processamento industrial, o Instituto Brasileiro de Frutas (IBRAF) estimou que em
2015, 47% da producéo de frutas foi destinado ao mercado de frutas processadas.
Dentre os produtos provenientes do processamento de frutas, destacam-se 0s
sucos, 0s quais tem apresentado boa aceitacdo nos mercados interno e externo
(IBRAF, 2016).

Os sucos de frutas sdo consumidos e apreciados em todo o mundo, por todas
as faixas etarias, devido as suas caracteristicas de sabor, aspecto refrescante e por
ser um alimento reconhecidamente saudavel (LUCKOW; DELAHUNTY, 2004;
NEVES et al., 2011; SINGH et al., 2015). A crescente procura dos consumidores por
produtos com estas caracteristicas tem impulsionado o0 consumo de sucos prontos
para o0 consumo. No entanto, estes alimentos também sdo susceptiveis a
deterioragdo microbiana, necessitando de aplicagdo de tecnologias de conservagao
eficazes, que possibilitem a extensédo da sua vida de prateleira (CARMO; DANTAS;
RIBEIRO, 2014).
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A alteracdo microbioldgica de sucos de frutas ocorre principalmente devido a
contaminacgao por micro-organismos deteriorantes, que comumente sao encontrados
em sucos de frutas em contagens variando de 3 a 5 logio UFC/mL, os quais podem
produzir aroma e sabor desagradaveis (STRATFORD; HOFMAN; COLE, 2000;
TOURNAS; HEERES; BURGESS, 2006). Ndo obstante, mesmo apresentando pH
desfavoravel ao crescimento de bactérias potencialmente patogénicas, 0os sucos de
frutas podem veicular micro-organismos como Escherichia coli, Listeria spp. e
Salmonella spp. (CDC, 2011; EFSA, 2013, 2015; PARISH, 2009; RAYBAUDI-
MASSILIA et al., 2009). Consequentemente, a Food and Drug Administration (FDA)
recomendou que 0s sucos devem ser processados para atingir uma reducdo de
cinco ciclos logaritmicos (5 logio UFC/mL, 99,999%) na populacdo de patégenos
relevantes em saude publica (USFDA, 2001), porém, ndo especifica o0 método.

Geralmente, os sucos de frutas sdo pasteurizados e adicionados de
conservantes. Porém, o tratamento térmico destréi importantes constituintes
alimentares, os quais conferem a qualidade nutricional e sensorial ao produto
(USFDA, 2004). Além disso, conservantes como benzoato de sddio, sorbato de
potassio e dioxido de enxofre, podem ser tOxicos e responsaveis pela ocorréncia de
alergias e cancer (AMIRPOUR et al., 2015; TONIOLO et al., 2010). Assim, faz-se
necessario 0 emprego de novos conservantes que nao apresentem tais efeitos,
como por exemplo, o uso de Oleos essenciais (BURT 2004; USFDA, 2015). As
principais vantagens dos 0Oleos essenciais referem-se a sua origem natural e sua
composicdo complexa de constituintes, que apresentam diferentes mecanismos de
acao, tornando mais dificil a adaptacdo por parte dos micro-organismos (SOUZA,
2016). Oleos essenciais de diversas espécies tém sido utilizados devido ao seu
potencial antimicrobiano contra micro-organismos deteriorantes e patdgenos de
alimentos, com destaque para aqueles extraidos de espécies de Mentha (ISCAN et
al., 2002; KARAMAN; SAGDIC; YILMAZ, 2016; TYAGI; MALIK, 2013).

Considerando 0s aspectos acima citados e 0 reconhecido potencial
antimicrobiano dos 0leos essenciais, acredita-se que 0 uso de Oleos essenciais de
Mentha spp. como conservantes de sucos de frutas represente um avango na
tecnologia de preservacdo destes produtos, em consonancia ao atendimento das
exigéncias dos consumidores por alimentos produzidos com baixos niveis ou
auséncia de conservantes sintéticos, porém com a conveniéncia de apresentarem-

se nutritivos, seguros e possuidores de longa vida de prateleira.
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2 REVISAO DA LITERATURA

2.1 SUCOS DE FRUTAS

O suco é definido como uma bebida ndo fermentada, ndo concentrada e ndo
diluida, obtida da fruta madura e sa, ou parte do vegetal de origem, por
processamento tecnolégico adequado, submetida a tratamento que assegure sua
apresentacao e conservacao até o momento do consumo (BRASIL, 2009). O sabor
do produto é resultado da interacdo entre as caracteristicas de odor, gosto e
sensacles tateis. O tipo de fruta, bem como de sua variedade, maturidade,
condicdes climaticas, praticas de cultura e processamento, influenciam em sua
composi¢cdo e, consequentemente, em suas caracteristicas sensoriais (TEIXEIRA,
2009).

O crescimento do mercado de sucos de frutas caracteriza-se por uma série de
fatores, dentre os quais, a demanda dos consumidores por alimentos saudaveis,
com pouco ou nenhum aditivo quimico, em decorréncia da preocupacdo com a
saude (SANTOS et al.,, 2008b). No Brasil, onde existem mais de 20 polos de
fruticultura distribuidos nas regiées Norte (frutas nativas da Amazonia, com destaque
para o acai e o cupuacu), Sul (frutas de clima temperado) e Nordeste (culturas
irrigadas no semiarido), segue-se a mesma tendéncia mundial, e por isso as
industrias se beneficiam da abundante disponibilidade de matéria-prima (OLIVEIRA
et al., 2009).

O aumento da demanda dos consumidores por alimentos naturais é um
fendbmeno mundial, pois 0os consumidores tém modificado seus hébitos alimentares
tornando-se conscientes da relag&o entre dieta e prevencdo de doengas (FRANCA,
2012). Neste contexto, os sucos de frutas prontos para o consumo tém ganhado
destaque, face as suas caracteristicas de conveniéncia, boa qualidade nutritiva,
fonte de carboidratos, vitaminas e minerais, e aspecto refrescante. Mas, apesar da
demanda por produtos de fruta ter aumentado, a elaboracdo de sucos a partir da
fruta in natura tornou-se um inconveniente ao ritmo de vida acelerado da sociedade.
Por isso, os consumidores demonstram interesse crescente em consumir Sucos
prontos para o consumo (CARMO; DANTAS; RIBEIRO, 2014).

No Brasil, a demanda por sucos prontos para o consumo este tipo de produto

comecgou de maneira incipiente na década de 50, recebendo grande impulso e
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investimentos no inicio da década seguinte, quando fenébmenos climaticos adversos
nos Estados Unidos geraram a procura do suco de laranja brasileiro. A falta do
produto no mercado possibilitou ao Brasil assumir um papel de lideranga na
producdo, com destaque para os derivados da laranja (MONTEIRO, 2006). Na
década de 80, especialmente na regido nordeste, a fruticultura esteve presente no
desenvolvimento agroindustrial do litoral com a produc¢édo de sucos de caju, laranja,
goiaba e acerola (LACERDA; LACERDA, 2004), impulsionando, a partir da década
de 90, o surgimento de diversas marcas de sucos de frutas industrializados e a
ampliacdo desse setor no mercado nacional.

Estimativas do IBRAF apontaram para a evolucdo da producdo de sucos,
néctares e drinques a base de frutas no Brasil, que passaria de 140 milhdes de litros
em 2000 para 350 milhdes em 2004. Nesse intervalo, o mercado de sucos
industrializados prontos para 0 consumo cresceu em uma taxa 15,6%, superior ao
dos refrigerantes, que foi apenas de 6,54% (MONTEIRO, 2006). Entre os anos de
2011 e 2016 houve um aumento nas vendas de sucos de, aproximadamente, 1,5
para 2,3 milhdes de litros (EUROMONITOR INTERNATIONAL, 2017a). Em 2016, a
industria de bebidas faturou R$ 117 bilhdes, o que correspondeu a 1,9% do Produto
Interno Bruto brasileiro e a 4,8% do valor bruto da producdo da industria de
transformacdo (ASSOCIACAO DAS INDUSTRIAS DA ALIMENTACAO, 2017).

Apesar das maiores producdes estarem concentradas nas regides Sul e
Sudeste do pais (CUNHA, 2009), a regido Nordeste produziu e exportou sucos
concentrados de laranja (Sergipe e Bahia), abacaxi (Paraiba e Sergipe) e maracuja
(Bahia e Sergipe) no triénio 2003/2005 e aumentou suas vendas externas em 117%
(SANTOS; BRAINER, 2007). Em ordem decrescente, o0s principais estados
produtores de sucos na regido Nordeste sao Bahia, Pernambuco, Ceara e Paraiba.
Dados do ano de 2012 apontaram que o suco de laranja permaneceu na primeira
posicdo dentre os mais exportados (1,9 milhdo t) (IBRAF, 2011). Em 2015, a
exportacdo do suco de abacaxi surpreendeu e cresceu quase 371% em relacdo a
2014, atingindo US$ 17,4 milhdes (TREICHEL et al., 2016).

Em relagdo ao consumo, o volume total consumido de sucos, néctares e
drinques a base de frutas no Brasil passou de 115 milhfes para 399 milhdes de litros
entre os anos de 1999 e 2005, incremento de quase 247% (FERNANDES; DANTAS,
2006). No mesmo ano, os consumidores da regido Nordeste consumiram 13% do

total de sucos prontos para beber. Portanto, verifica-se que houve um incremento no
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consumo de sucos prontos no periodo analisado, de 13 e 11%, em receitas geradas
e volume comercializado, respectivamente (SANTOS et al., 2008b). E importante
destacar que desde 2005 tem ocorrido um continuo crescimento da producéo e do
consumo de bebidas prontas para o consumo, sendo consumidos 550 milhdes de
litros de sucos no ano de 2010 (IBRAF, 2011). Nos ultimos cinco anos esse numero
tem crescido na casa dos dois digitos (TREICHEL et al., 2016). Estima-se que o
crescimento no consumo de sucos no Brasil entre os anos de 2016 e 2020 seja em
média de 3% (EUROMONITOR INTERNATIONAL, 2017b).

A demanda atual é crescente para sucos de frutas tropicais, principalmente de
abacaxi e manga. Estes sucos, assim como 0s de caju e goiaba, podem ser
considerados os mais populares no Brasil e, principalmente, no Nordeste, regiao
onde estas frutas sdo produzidas em grandes quantidades (CUNHA, 2009). Em
2006, os Estados Unidos e paises africanos importaram do Brasil néctares de
abacaxi, acerola, caju, goiaba, manga e maracuja. No mesmo ano, Sucos
concentrados de abacaxi, maracuja e manga foram exportados para 26 paises da
Europa, Africa, Oriente Médio, Oceania, Asia e América (SANTOS et al., 2008b).

A Associacdo das Industrias Processadoras de Frutos Tropicais (ASTN)
estabeleceu estratégias e definiu um plano de exportacao contemplando inicialmente
os sabores de abacaxi, acerola, caju, goiaba, manga, pitanga e maracuja (SANTOS
et al., 2008b). O Brasil ainda participa timidamente do comércio internacional de
suco de abacaxi, apesar do aumento de 371% na exportacdo no ano de 2015 e de
ser um dos maiores produtores da fruta (TREICHEL et al., 2016). Em julho de 2017,
a producdo alcancou 1,6 bilhdo de frutos, aumento de 3,4% em relacdo ao més

anterior. Em Pernambuco, a produgdo aumentou em 64,5% (IBGE, 2017).

2.2 CONTAMINACAO MICROBIANA EM SUCOS DE FRUTAS

Os micro-organismos podem contaminar as frutas no campo, na colheita, no
tratamento pés-colheita ou durante o armazenamento e distribuicdo (BARTH et al.,
2009). Naturalmente, as frutas frescas possuem uma barreira protetora (casca) que
age de forma eficaz na inibicdo da penetragdo da maior parte dos micro-organismos.
Contudo, tal protecdo € eliminada durante as etapas de transformacédo para
obtencéo de produtos derivados. A retirada da casca expde a polpa do fruto a uma
possivel contaminacdo microbiana (BALLA; FARKAS, 2006). Por isso, em 1998, a
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FDA publicou o Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits
and Vegetables, que fornece diretrizes para uma série de praticas de seguranca
alimentar, por meio de medidas rigorosas de controle na cadeia produtiva destes
alimentos. O objetivo deste guia € minimizar os riscos microbianos em frutas e
hortalicas frescas e em seus produtos derivados (USFDA, 1998).

Os principais fatores que determinam a colonizacdo de frutas e seus
derivados por micro-organismos sdo fatores intrinsecos, como a atividade de agua,
pH, potencial redox, e outros. Mas também estdo associados os tratamentos
tecnolégicos, condicdes ambientais e do manejo das matérias-primas e do produto
durante o processamento e armazenamento (MONTVILLE; MATTHEWS, 2001). O
pH destaca-se por se um dos fatores de maior influéncia na microbiologia dos sucos
de frutas. A acidez elevada era reconhecida como sendo suficiente para evitar a
proliferacdo de micro-organismos. Porém, este conceito foi modificado a partir dos
relatos de deterioracdo de suco de maca pasteurizado por bactérias tolerantes a
acidez (CERNY; HENNICH; PORALLA, 1984).

Atualmente, sabe-se que a deterioragdo microbiana de frutas e produtos
derivados ocorre principalmente devido a contaminacéo por fungos filamentosos (ex.
Penicillium, Aspergillus, Alternaria, Cladosporium, Botrytis e Rhizopus), leveduras
(ex. Saccharomyces, Candida, Torulopsis, Pichia, Rhodotorula e Hansenula),
bactérias lacticas e acéticas (ex. Acetobacter e Gluconobacter), assim como
bactérias do género Pseudomonas, Bacillus e Alicyclobacillus (RAYBAUDI-
MASSILIA et al., 2009; TOURNAS; HEERES; BURGESS, 2006). As leveduras sao
responsaveis pelo sabor fermentado e producdo de didéxido de carbono (CO2),
enquanto as bactérias lacticas, principalmente as pertencentes aos géneros
Lactobacillus (ex. L. fermentum e L. Plantarum) e Leuconostoc (ex. L.
mesenteroides) podem produzir aroma e sabor desagradaveis, devido a formacéao
de acido lactico, etanol, acetato, COz, diacetil e acetoina. Bactérias pertencentes ao
género Acetobacter podem crescer na presenca de oxigénio dissolvido, utilizando o
alcool para producéo de acido acético (ANEJA et al., 2014).

Desde o inicio da década de 1990 tem havido um aumento no consumo de
frutas e hortalicas, assim como, na incidéncia de doencas de origem alimentar
causadas por estes alimentos e seus produtos derivados. Contudo, o0 numero de
surtos associados ao consumo sucos de frutas pasteurizados ou ndo aumentou de 0
a 1 surto por ano para até 5 surtos por ano (CDC, 2007; EFSA 2013, 2015; HARRIS
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et al.,, 2003; POWELL; LUEDTKE, 2000). Portanto, é evidente a possivel
sobrevivéncia e crescimento de micro-organismos como E. coli 0157:H7, Salmonella
spp., Shigella spp., L. monocytogenes, Staphylococcus aureus, Campylobacter jejuni
e Cryptosporidium spp. nestes produtos (MIHAJLOVIC et al.,, 2013; RAYBAUDI-
MASSILIA et al., 2009; VANTARAKIS et al., 2011).

Os sucos de frutas ndo eram considerados como alimentos de risco no que
diz respeito a agentes patogénicos devido a sua natureza acida (TAUXE, 1997). No
enatnto, sucos acidos (pH < 4,6) contendo patdégenos bacterianos entéricos tém
causado graves surtos de doencas de origem alimentar. Ha relatos da ocorréncia de
Obtios de uma crianca e um homem idoso apds o consumo de suco contaminado.
Por isso, em decorréncia do uso de matéria-prima contaminada e da capacidade de
alguns desses agentes patogénicos de sobreviver em alimentos acidos, juntamente
ao processamento insuficiente e/ou de condicbes de armazenagem inadequadas, 0s
sucos de frutas podem representar um risco a saude dos consumidores (UDFDA,
2004).

Bactérias patogénicas causadoras de gastroenterites, tais como E. coli
0157:H7, Listeria spp. e Salmonella spp., podem contaminar estes produtos e
permanecer viaveis por um longo periodo de tempo (= 30 dias) (RAYBAUDI-
MASSILIA et al., 2009), devido ao desenvolvimento de resisténcia ao meio acido e
ao calor. Destaca-se E. coli O157:H7, que tem sido considerado o patdgeno mais
resistente a estas condicbes (MAZZOTTA, 2001). Cepas desses micro-organismos
ja demonstraram ser acido-tolerantes em sucos de laranja e ma¢a (ALBASHAN,
2009). Acredita-se, que estas cepas sejam relativamente resistentes ao pH acido
devido a sua capacidade de produzir algumas proteinas, chamadas de proteinas do
estresse, cuja producéo é induzida pelo ambiente acido (CEBRIAN et al., 2009; KIM;
CHO, 2010).

2.3 METODOS PARA CONSERVAGCAO DE SUCOS DE FRUTAS

Os alimentos de origem vegetal caracterizam-se por se deteriorar com
facilidade logo apds a colheita. Por isso, toda alteragdo advinda dos micro-
organismos, enzimas e outras causas deteriorantes deve ser evitada. Assim, 0s
processos de conservacdo sdo baseados na eliminacéo total ou parcial dos agentes

que alteram os produtos ou na modificagdo (ou supresséo) de um ou mais fatores
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essenciais, de modo que o meio se torne impréprio a qualquer atividade bioquimica
ou manifestacdo vital (GAVA, 2009). Estes métodos podem ser classificados, de
maneira geral, em trés grupos: aqueles que inibem parcial ou completamente o
crescimento microbiano (ex. refrigeragdo, congelamento, desidratacdo, salga,
controle da atividade de agua e uso de conservante); os que inativam 0S micro-
organismos (ex. esterilizacdo e pasteurizacéo); e 0s que restringem seu acesso aos
alimentos (ex. embalagem e processamento asséptico) (FRANCO; LANDGRAF,
2008).

Para melhorar a seguranca e a vida de prateleira, os sucos de frutas séo,
geralmente, tratados pelo calor e pela acdo de aditivos quimicos da classe dos
conservantes. O tratamento térmico tem por objetivo inativar enzimas e reduzir o
namero de micro-organismos, ambos indesejaveis e que podem deteriorar o
produto, sendo a pasteurizacdo, o método comumente utilizado. No entanto, apesar
do aquecimento ser o método mais simples e confidvel para eliminar a quase
totalidade da carga microbiana dos alimentos, este procedimento muitas vezes
altera caracteristicas sensoriais e nutricionais do produto (PENG et al., 2017,
VEGARA et al.,, 2013). O tratamento pelo calor excessivo causa a desnaturacao
indesejavel das proteinas, escurecimento ndo enzimatico (Reacdo de Maillard),
perda de vitaminas e compostos de aroma (LADO; YOUSEF, 2002). Além disso, a
pasteurizacdo por si s6 ndo é considerada um método eficaz para conservagédo de
alimentos, sendo necessérias outras tecnologias, como o uso de aditivos quimicos,
para manutencdo da qualidade do alimento durante as etapas de armazenamento,
distribuicdo e comercializacéo.

A incorporagdo de aditivos aos alimentos possui a finalidade de conserva-los
ou de melhorar suas caracteristicas gerais, produzindo um impacto favoravel a sua
aceitacdo pelo consumidor. Devido aos avancos da industria quimica, o setor
produtor de alimentos tem se beneficiado de novas substancias que podem ser
adicionadas aos seus produtos, ndo s6 para conservar, mas também para conferir
melhor aparéncia, aroma, sabor e textura. Os conservantes sdo utilizados nos
alimentos para eliminar, total ou parcialmente, os micro-organismos ou para criar
condicdes desfavoraveis ao seu crescimento. Estes aditivos podem ser utilizados
individualmente ou associado a métodos fisicos, o que proporciona melhores
resultados e otimizagdo das caracteristicas sensoriais dos alimentos, sempre em

conformidade com os limites estabelecidos pela legislagcado (GAVA, 2009).
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Os conservantes mais utilizados em alimentos sdo os bacteriostaticos e
fungistaticos, que atuam inibindo o crescimento dos micro-organismos, porém
mantendo suas caracteristicas por um maior periodo de tempo. Para sucos de
frutas, os mais utilizados e permitidos pela legislacdo brasileira sdo o &cido benzoico
e seus sais de sodio, calcio e potassio, com concentracdo maxima permitida de 0,05
g/100 mL; acido sorbico e seus sais de sédio, potassio e calcio, com concentracao
méaxima permitida de 0,08 g/100 mL para bebidas sem gés; e dioxido de enxofre,
com concentragdo maxima permitida de 0,004 g/100 mL (BRASIL, 2007). No
entanto, os conservantes utilizados, como benzoato de sédio, sorbato de potassio e
diéxido de enxofre, podem ser tdxicos e responsaveis pela ocorréncia de alergias e
cancer (AMIRPOUR et al., 2015; TONIOLO et al., 2010).

Como regra geral, os melhores métodos de conservacao sdo aqueles que
garantem sua conservacao e que causam minimas alteracdes as caracteristicas do
produto. Além disso, a FDA recomendou que 0s sucos devem ser processados para
atingir uma reducdo de pelo menos cinco ciclos logaritmicos (99,999%) na
populacdo de patdgenos relevantes para a saude (USFDA, 2001), mas nao
especifica o0 método para alcancar este nivel de inativacdo. Portanto, diante das
desvantagens e consequéncias do uso dos métodos tradicionais na conservacao
deste tipo de produto, ha uma busca por tecnologias alternativas que possibilitem
preservar suas caracteristicas. Além disso, a utilizacdo de aditivos quimicos tem
gerado uma ampla discussdo acerca das vantagens e desvantagens deste método,
principalmente, devido a demanda atual dos consumidores por alimentos saudaveis,
seguros e isentos de substancias quimicas (FRANCA et al., 2012).

O processo de conservacdo de alimentos vem assumindo grande
complexidade diante da perspectiva de os consumidores exigirem alimentos de
melhor qualidade, tendo sido submetidos ao menor processamento possivel, com
um minimo de alteracdes nutricionais, fisico-quimicas e sensoriais, mas que
apresentem a conveniéncia de possuir larga vida util, além de mostrarem-se indcuos
ao consumidor (MORALES-DE LA PENA et al., 2011). Neste cenario, surge uma
nova discussdo sobre opg¢bOes inovadoras e emergentes para o alcance da
seguranca microbiologica dos alimentos, a citar o uso de embalagens ativas,
antimicrobianos naturais (6leos essenciais), campo elétrico pulsado, radiacdo
ultravioleta e altas pressdes (HYLDGAARD; MYGIND; MEYER, 2012; MOHAMED;
EISSA, 2012; MOSQUEDA-MELGAR; RAYBAUDI-MASSILIA; MARTIN-BELLOSO,
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2012; PATRIGNANI et al.,, 2013). Estas tecnologias, consideradas como néo
térmicas, estdo sendo pesquisadas objetivando-se avaliar o seu potencial como um
processo alternativo ou complementar aos métodos tradicionais de preservagdo dos
alimentos (ESPINA et al.,, 2013; LADO; YOUSEF, 2002; MOSQUEDA-MELGAR,;
RAYBAUDI-MASSILIA; MARTIN-BELLOSO, 2008). Desta forma, sdo esperadas
perdas minimas de nutrientes e vitaminas, e alteracbes de sabor quase
imperceptiveis (AIT-OUAZZOU et al., 2013; KHANDPUR; GOGATE, 2016; TYAGI et
al., 2014).

2.4 USO DE OLEOS ESSENCIAIS PARA CONSERVACAO DE SUCOS DE
FRUTAS

Dentre as tendéncias em tecnologia de alimentos, com as caracteristicas
relacionadas anteriormente, pode-se destacar os antimicrobianos naturais, como 0s
6leos essenciais (CALO et al., 2015). Oleos essenciais sd0 compostos volateis,
naturais e complexos, caracterizados por um forte odor e por fazerem parte de
plantas aromaticas como metabdlitos secundarios. Sao extraidos de varias espécies
de plantas arométicas por destilacdo a vapor, processos mecanicos ou destilacao
seca, e apresentam-se liquidos, limpidos e raramente coloridos, lipossolaveis e
soluveis em solventes organicos, com densidade geralmente menor que a da agua
(ISO 9235, 2013). Podem ser sintetizados por todos os 6rgdos da planta (broto,
flores, folhas, caules, galhos, sementes frutos, raizes ou casca) e sdo armazenados
em células secretoras, cavidades, canais, células epidérmicas ou tricomas
glandulares (BURT, 2004). Os 06leos essenciais contém compostos organicos de
diferentes classes (hidrocarbonetos terpénicos, alcoodis simples, aldeidos, cetonas,
fendis, ésteres e acidos organicos), em diferentes concentracfes (BAKKALI et al.,
2008).

As propriedades biologicas dos 6leos essenciais atreladas a uma baixa
toxicidade para humanos tém viabilizado o seu uso, especialmente, pelas industrias
farmacéuticas, sanitarias, cosméticas e de alimentos, particularmente com a
exploracdo de suas propriedades antimicrobianas (BAKKALI et al., 2008). Suas
principais vantagens como agentes antimicrobianos sdo o seu amplo espectro de
atividade e seu baixo risco de desenvolver resisténcia microbiana, pois sao

constituidos por uma grande variedade de compostos, com diferentes mecanismos
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de atividade antimicrobiana, tornando mais dificil uma possivel adaptacdo dos micro-
organismos frente a sua acdo (GOMES NETO et al., 2012; LUZ et al., 2012; SOUZA,
2016). Caracterizam-se ainda como produtos naturais, Geralmente Reconhecidos
como Seguros (GRAS), que apresentam eficacia no controle de micro-organismos
patogénicos e deteriorantes de importancia em alimentos (BASSOLE; JULIANI,
2012; LOPEZ et al., 2005; MITH et al., 2014).

A efetividade antimicrobiana dos 6leos essenciais depende do tipo da planta,
da concentragéo do 6leo essencial, do tipo e concentracdo do micro-organismo alvo,
da composicdo e pH do substrato e da temperatura (AIT-OUAZZOU et al., 2012;
HYLDGAARD; MYGIND; MEYER, 2012; MANSO et al.,, 2015). Alguns autores,
sugerem que a atividade antimicrobiana se deve também ao equilibrio entre os
componentes majoritarios e 0os que aparecem em menor proporcado (RIAHI et al.,
2013). Acredita-se que o possivel mecanismo de acdo seja pela presenca de
constituintes que alteram a bicamada lipidica da membrana celular microbiana,
aumentando sua permeabilidade, com posterior liberagdo de constituintes
intracelulares vitais, ou ainda por causar danos em seus sistemas enzimaticos
(SOUSA et al., 2015; TURINA et al., 2006).

O sucesso dos testes antimicrobianos conduzidos in vitro tem sugerido a
aplicacao de oleos essenciais em diferentes matrizes alimentares (CARVALHO et
al., 2015; GUERRA et al., 2015; HONORIO et al, 2015; OLIVEIRA et al., 2015;
SMITH-PALMER; STEWART,; FYFE, 2001). Em alimentos de origem vegetal, a
atividade antimicrobiana de Oleos essenciais pode ser beneficiada pelas baixas
temperaturas empregadas nestes produtos e/ou pelo baixo pH do alimento (< 4,5)
(GUTIERREZ; BARRY-RYAN; BOURKE, 2009). Ainda, o baixo contetdo de lipidios
pode contribuir para o sucesso da aplicacdo dos 6leos essenciais, pois acredita-se
na presenca de grande quantidade de gordura, 0s compostos terpénicos
hidrofébicos estariam menos disponiveis para interagir com as células bacterianas
(BURT, 2004).

Oleos essenciais ja testados em alimentos de origem vegetal e seus produtos
derivados demonstraram ser eficazes contra micro-organismos patégenos e
deteriorantes (AZEREDO et al., 2011; BARBOSA et al., 2016; GUTIERREZ et al.,
2008; LEITE et al., 2016; RAYBAUDI-MASSILIA et al.,, 2006). No entanto, para o
sucesso da aplicagdo em alimentos, é fundamental considerar o impacto que podem

causar sobre os aspectos gerais de qualidade dos produtos, jA que podem promover
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caracteristicas desagradaveis, com implicacdbes no sabor e odor dos produtos,
impactando diretamente na sua aceitacio (ESPINA; GARCIA-GONZALO; PAGAN,
2014a,b). O potencial antimicrobiano de 6leos essenciais e/ou seus constituintes e
0s possiveis impactos sobre indicadores de qualidade de sucos ja foram relatados
na literatura (SOUSA GUEDES et al., 2016).

Dentre as plantas aromaticas que tém demonstrado potencial propriedade
antibacteriana, pode-se citar as do género Mentha spp., o qual pertence a familia
Lamiaceae e consiste em 18 espécies, com destaque para M. piperita L. (Figura 1) e
M. arvensis L. (Figura 2) (ARRUDA et al., 2006; ISCAN et al., 2002; SINGH,;
SHUSHNI; BELKHEIR, 2011; TYAGI; MALIK, 2011). As espécies do género menta,
conhecidas no Brasil como horteld, geralmente s&o usadas para fins medicinais e
nos alimentos como condimentos (GRISI et al.,, 2006). Os 6leos essenciais sao
produzidos e armazenados em tricomas glandulares, os quais estdo presentes
principalmente nas folhas e flores e em menores densidades nos caules
(DESCHAMPS et al., 2013).

Figura 1 — Mentha piperita L.

Mentha piperita 1

Fonte: Berg; Schmidt (1891-1893)
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Figura 2 — Mentha arvensis L.

MENTHA ARVENSIS L. 1178.

Fonte: van Eeden (1877)

M. piperita L. (hortela-pimenta) é uma planta herbacea rizomatosa, de
espalhamento rapido, perene e dura, cultivada na maior parte do mundo. Atinge de
30 a 90 cm de altura, com hastes lisas. As folhas ficam transversalmente opostas
uma a outra na haste, sdo alongadas, ovais com um apice agudo e margens
grosseiramente dentadas. Tradicionalmente, a M. piperita L. tem sido utilizada na
medicina popular. As folhas sdo usadas em cha de ervas e para fins culinarios
(NEERAJ; PRAKASH; SEEMA, 2013; PRAMILA et al., 2012). M. arvensis L. (hortela-
doce) é uma planta herbacea estolonifera, de caule quadrangular com folhas
opostas, ovaladas e serradas. E também uma das espécies de horteld mais
cultivadas no Brasil e no mundo (WATANABE et al., 2006).

As espécies de hortela diferem entre si morfologicamente e em relacdo a
variedade e quantidade dos constituintes (Figura 3) de seus 0leos essenciais (SILVA
et al., 2006). O O6leo essencial de M. piperita L. € um dos mais populares e
amplamente utilizados devido aos seus componentes majoritarios, mentol e

mentona, que correspondem a 30-50% e 14-32% do Oleo essencial,
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respectivamente (GUERRA et al., 2015; TYAGI et al., 2013). O 6leo essencial de M.
arvensis L. também possui um grande namero de compostos, como por exemplo,
mentol, neomentol, isomentol, isomentona, cineol, p-cymene, piperitona,

carvomentona, pineno, carvona e linalool (VERMA et al., 2010).

Figura 3 — Alguns constituintes dos 0leos essenciais de Mentha spp.
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O reconhecido efeito antimicrobiano dos Oleos essenciais de Mentha spp.
esta associado as elevadas quantidades de mentol, o qual, provavelmente, ocasiona
perturbacdo na membrana plasmatica, induzindo alteracdes de permeabilidade e
liberacdo de materiais intracelulares. Isto ocorre, principalmente, devido ao fato do
mentol apresentar a capacidade de migrar em ambientes aquosos e interagir com 0s
fosfolipidios de membrana (SCHELZ; MOLNAR; HOHMANN, 2006; TROMBETTA et
al., 2005).
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3 HIPOTESE

Os Oleos essenciais de M. arvensis L. ou de M. piperita L. em concentracfes
inibitérias e subinibitérias apresentam efetividade no controle do crescimento das
bactérias patogénicas E. coli, L. monocytogenes e Salmonella Enteritidis quando
adicionados em sucos de abacaxi, caju, goiaba e manga, assegurando a
manutenc¢do ou melhora dos seus aspectos de qualidade fisico-quimica e sensorial

quando armazenados em temperatura de refrigeracao.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Avaliar a eficacia dos Oleos essenciais de M. arvensis L. e M. piperita L. no
controle de bactérias patogénicas em sucos de abacaxi, caju, goiaba e manga, bem

como os efeitos desta aplicacdo sobre a qualidade destes sucos.

4.2 OBJETIVOS ESPECIFICOS

e Caracterizar quimicamente os 6leos essenciais de M. arvensis L. e M. piperita
L.;

e Avaliar o potencial dos 6leos essenciais de M. arvensis L. e M. piperita L. na
inibicdo do crescimento de cepas de bactérias patogénicas em inéculo misto
cultivadas em meio laboratorial e em sucos de frutas;

¢ Identificar os danos causados pelos 6leos essenciais de M. arvensis L. e M.
piperita L. nas células bacterianas;

e Verificar a influéncia dos 6leos essenciais de M. arvensis L. e M. piperita L.
sobre indicadores fisico-quimicos de qualidade e atributos sensoriais dos

sucos de frutas.
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5 METODOS

Os experimentos foram conduzidos no Laboratério de Microbiologia e
Bioquimica de Alimentos e no Laboratério de Técnica Dietética, pertencentes ao
Departamento de Nutricdo, Centro de Ciéncias da Saude, e também no IPeFArM —
Instituto de Pesquisas em Farmacos e Medicamentos/NUCAAL — Ndcleo de
Caracterizacdo e Analises, todos localizados no Campus | da Universidade Federal
da Paraiba, Jodo Pessoa — PB.

5.1 OBTENCAO DOS OLEOS ESSENCIAIS

Os dleos essenciais de M. arvensis L. (horteld japonesa; lote 134; densidade
a 20 °C, 0,897; indice de refracdo a 20 °C, 1,459; pH 5,76) e M. piperita L. (hortela-
pimenta; lote 181; densidade a 20 °C, 0,901; indice de refracdo a 20 °C, 1,460; pH
5,17), extraidos por destilacdo a vapor, foram obtidos da empresa Ferquima
Industria e Comércio de Oleos Essenciais Ltda (S0 Paulo, Brasil). As solugdes dos
6leos foram preparadas em caldo Brain Heart Infusion — BHI (HiMedia, india), nas
concentracfes de 80 (pH 7,49), 40 (pH 7,50), 20 (pH 7,51), 10 (pH 7,52), 5 (pH
7,53), 2,5 (pH 7,53), 1,25 (pH 7,53), 0,625 (pH 7,54) e 0,312 (pH 7,54) pL/mL,
acrescidos de Tween 80 (1% v/v; Sigma-Aldrich, USA) como agente emulsificante
(LEITE et al., 2016). Na concentracdo ensaiada (1%, v/v), o Tween 80 nao

apresentou efeito inibidor contra as cepas bacterianas testadas.

5.2 MICRO-ORGANISMOS E CONDICOES DE CRESCIMENTO

Cepas tipo padrao de E. coli (UFPEDA 224), L. monocytogenes (ATCC 7644)
e Salmonella Enteritidis (UFPEDA 414) foram utilizadas como micro-organismos
teste nos ensaios antimicrobianos. As culturas de E. coli (UFPEDA 224) e
Salmonella Enteritidis (UFPEDA 414) foram obtidas da Colec&o de Cultura de Micro-
organismos do Departamento de Antibidticos, Centro de Ciéncias Biologicas,
Universidade Federal de Pernambuco (UFPE) (ANEXO A), e a cultura de L.
monocytogenes (ATCC 7644) da Colecdo de Micro-organismos de Referéncia do
Instituto Nacional de Controle de Qualidade em Saude (INCQS), Rio de Janeiro —

RJ, e estocadas no Laboratério de Microbiologia e Bioquimica de Alimentos do
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Departamento de Nutricdo (Centro de Ciéncias da Saude, Universidade Federal da
Paraiba) em criotubos contendo caldo Brain Heart Infusion (BHI) (HiMedia, india)
adicionado de glicerol (15 g/100 mL) a -20 °C.

Os in6culos das cepas foram obtidos a partir de culturas overnight E. coli e
Salmonella Enteritidis incubadas a 37 °C e L. monocytogenes incubadas a 30 °C por
18-24 h (fase estacionaria) em caldo BHI (HiMedia, india). Ap6s o periodo de
incubacéo, as culturas foram centrifugadas (4.500 x g, 15 min, 4 °C), lavadas duas
vezes em solucdo salina estéril (NaCl a 0,85% p/v) e ressuspendidas em caldo BHI
(HiMedia, india). As suspensdes foram ajustadas em espectrofotdmetro para uma
densidade optica de 1,0 (ODs2s), correspondente a um inéculo de aproximadamente
8 logio UFC/mL (MCMAHON et al., 2008). Para a preparacéo do in6culo misto, apos
0 procedimento supracitado, as suspensdes de todas as cepas foram misturadas na
proporcdo de 1:1:1 (contagem final de cada cepa de aproximadamente 7 logio
UFC/mL) e o pool obtido foi utilizado nos ensaios de inibicdo do crescimento
bacteriano (OLIVEIRA et al., 2015). Esta concentragcdo de inéculo foi utilizada para
que fosse possivel quantificar uma reducdo de 5 logio UFC/mL na contagem de
células viaveis, recomendada pela USFDA (USFDA, 2001).

5.3 OBTENCAO DA MATRIZ ALIMENTAR EXPERIMENTAL

Os sucos utilizados no estudo como matrizes experimentais foram os de
abacaxi (Ananas comosus L. Merril), caju (Anacardium occidentale L), goiaba
(Psidium guajava L.) e manga (Mangifera indica L.), considerando a producao
abundante destas frutas na regido nordeste (CUNHA, 2009). As frutas maduras
foram adquiridas em um distribuidor local de Jodo Pessoa — PB e selecionadas de
acordo com tamanho, forma, aparéncia e auséncia de danos mecanicos ou sinais
visiveis de infeccdo. Para selecdo das frutas foram considerados o0s seguintes
estadios de maturacdo: abacaxi — parcialmente alaranjado; caju — pedunculo laranja
escuro; goiaba — amarela; manga — mais de 70% da fruta amarela (CAVALINI et al.,
2006; COSTA, 2009; LOPES et al., 2011; SANTOS et al., 2008a). Para a preparacéo
de cada suco, os frutos foram imersos durante 5 min em uma solucéo de hipoclorito
de sodio (150 ppm, pH 7,2 ajustado com NaOH a 1 M), para a desinfeccdo da
superficie, lavados com agua destilada estéril e secos durante 1 h em cabine de

biosseguranca. Em seguida, as frutas foram descascadas, picadas e misturadas
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com agua destilada (1:1) usando um liquidificador doméstico (3 min). Os sucos
obtidos foram centrifugados (12.500 rpm, 15 min, 4 °C) para separar a polpa do
liguido sobrenadante, os quais foram filtrados usando uma camada tripla de gaze e
esterilizados em autoclave (121 °C, 1,1 atm, 15 min). Os sucos filtrados e
esterilizados foram utilizados nos ensaios de determinacdo da concentracao
inibitéria minima, nos testes de viabilidade das cepas e na analise de citometria de
fluxo. Os sucos foram armazenados em aliquotas de 50 mL a temperatura de -20 °C,
e, quando necessario, uma aliquota foi descongelada sob refrigeracdo (4 + 1 °C) e
utilizada para os ensaios subsequentes (LEITE et al, 2016; RAYBAUDI-MASSILIA et
al., 2006).

5.4 IDENTIFICACAO DOS CONSTITUINTES DOS OLEOS ESSENCIAIS

Os componentes individuais de cada 6leo essencial foram identificados através
de cromatografia em fase gasosa acoplada a espectrometria de massa (GC/MS),
usando um cromatografo CGMS-QP2010 Ultra Shimadzu (Kyoto, Japan), sob as
seguintes condi¢des analiticas: coluna capilar RTX-5MS (30 m x 0,25 mm x 0,25 mm);
programacao de temperatura: 60-240 °C (3 °C/min); temperatura do injetor: 250 °C;
temperatura do detector: 220 °C; gas de arraste: hélio; taxa: 0,99 mL/min de fluxo;
impacto de elétrons: 70 eV, e faixa de massa (m/z): 40-500. Cada componente foi
identificado apds a comparacdo dos espectros de massa de cada composto com a
base de dados GC/MS (NIST/EPA/NIH de Massa Espectral Database Versdo 1.7). Os
componentes foram quantificados, depois normalizadas as areas e expressos em
porcentagem total de area (%) (ADAMS, 2001). A caracterizacdo quimica dos 6leos
essenciais foi necessaria pois a empresa fornece apenas os dados de concentracao

dos constituintes principais.

5.5 ENSAIOS DE ATIVIDADE ANTIMICROBIANA

5.5.1 Determinagdo da concentragdo inibitéria minima (CIM) dos oOleos

essenciais

Os valores da CIM dos 6leos essenciais de M. arvensis L. e M. piperita L.

foram determinados pelo método de microdiluicio em caldo, de acordo com a
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padronizacao do Clinical and Laboratory Standards Institute (CLSI, 2015). Para esta
analise, 50 pL de cada uma das emulsbes de cada oleo essencial (80 — 0,312
puL/mL) foram distribuidos em pocos de uma microplaca de 96 pogos contendo 100
uL de caldo BHI (HiMedia, india). Subsequentemente, aliquotas de 50 pL da
suspensao bacteriana mista foi adicionado a cada poco (contagem viavel final de
aproximadamente 6 logio UFC/mL). A microplaca foi envolvida com filme plastico
para evitar a desidratacdo bacteriana e a volatilizagdo dos Oleos essencias e
incubada a 37 °C durante 24 h. Cada placa incluia também pocos controle (sem 0s
Oleos essenciais) e po¢os nao-inoculados (sem os micro-organismos). A CIM foi
definida como a mais baixa concentracdo de cada 06leo essencial capaz de inibir o

crescimento bacteriano visivel (NOSTRO et al., 2001).

5.5.2 Ensaio de viabilidade das cepas bacterianas frente aos 6leos essenciais

O efeito de diferentes concentracbes (CIM, CIM/2, CIM/4 e CIM/8) de cada
Oleo essencial nas contagens do inéculo misto de bactérias patogénicas, em meio
laboratorial e nos sucos de abacaxi, caju, goiaba e manga, armazenados por 24 h
em temperatura de refrigeracédo (4 £ 1 °C), foi avaliado pelo método de contagem de
células viaveis. Inicialmente, 150 pL da suspensao bacteriana mista foi inoculada em
5850 L de caldo BHI (HiMedia, india) e de cada suco de fruta (contagem viavel final
de aproximadamente 6 logio UFC/mL), contendo o 6leo essencial de M. arvensis L.
ou de M. piperita L. nas concentracdes finais desejadas. As diferentes misturas
foram suavemente agitadas a méo durante 30 segundos e posteriormente incubadas
a4 +1 °C (temperatura de armazenamento adequada dos sucos) durante 24 h. Nos
intervalos de 0 (imediatamente depois da homogeneizacdo), 1, 2, 4, 8, 12 e 24 h
apos a incubacao, uma aliquota de 100 pL de cada mistura foi diluida em série em
solucéo salina estéril (NaCl a 0,85% p/v), e, subsequentemente, aliquotas de 20 uL
de cada diluicao foram inoculados em &gar seletivo correspondente a cada espécie
formadora do inéculo bacteriano misto: agar Eosina Azul de Metileno (HiMedia,
india) para E. coli, 4gar seletivo para Listeria spp. + Listeria Selective Supplement II
para L. monocytogenes (HiMedia, india) e Salmonella-Shigella (HiMedia, india) para
Salmonella Enteritidis (SOUSA et al.,, 2012), utilizando a técnica de microgotas
(HERIGSTAD; HAMILTON; HEERSINK, 2001). Amostras controle, sem adi¢cdo dos

Oleos essenciais foram ensaiadas de maneira semelhante. As placas foram
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incubadas durante 24-48 h a 37 °C para E. coli e Salmonella Enteritidis e 30 °C para
L. monocytogenes. Os resultados foram expressos como logio UFC/mL. O limite de
deteccdo da contagem de células viaveis foi de 1 logio UFC/mL para todas os
tratamentos e cepas testadas.

5.5.3 Avaliacdo dos danos causados pelos Oleos essenciais as células

bacterianas

A investigacdo dos danos causados pelos 6leos essenciais de M. arvensis L.
(CIM/8) e M. piperita L. (CIM/8) nas células bacterianas foi realizada por citometria
de fluxo. Antes da andlise de citometria de fluxo, as células foram expostas aos
Oleos essenciais de M. arvensis L. e M. piperita L. nos sucos de abacaxi e manga e
armazenados por 15 min em temperatura de refrigeracdo. Considerando os
resultados semelhantes dos ensaios de viabilidade nos sucos de abacaxi, caju e
goiaba, optou-se por utilizar apenas os sucos de abacaxi e manga na analise de
citometria de fluxo. Em seguida, os sucos foram centrifugados (4.500 x g, 15 min, 4
°C), as células bacterianas lavadas duas vezes, ressuspendidas em PBS (50 mM
K2HPO4/KH2PO4; pH 7.4; Sigma-Aldrich, St. Louis, USA) e marcadas com diferentes
fluorocromos (SILVA et al., 2011; SINGH; BARNARD, 2016). Foram utilizados:
laranja de tiazol (TO, Sigma-Aldrich, St. Louis, MO, USA) e iodeto de propidio (PI,
Sigma-Aldrich, St. Louis, MO, USA) para avaliacdo da integridade da membrana;
acido bis-1,3-dibutilbarbitarico Trimethine Oxonol (BOX, Molecular Probes,
Invitrogen, part of Life Technologies, Eugene, OR, USA) para o potencial da
membrana; brometo de etidio (EB, Sigma-Aldrich, St. Louis, MO, USA) para
atividade da bomba de efluxo; e cloreto de 5-ciano-2,3-ditolil tetrazélio (CTC,
Polysciences, Warrington, PA, USA) para atividade respiratéria. Células fixadas em
etanol foram utilizadas como controle positivo para coloracdo com PIl, BOX e EB e
como controle negativo para coloracdo com CTC (SILVA et al., 2010).

As analises foram realizadas usando um citdmetro de fluxo BD Accuri C6 (BD
Accuri C6, New Jersey, EUA) equipado com um laser azul (488 nm) e um vermelho
(640 nm), dois detectores de disperséo de luz (FSC e SSC) e quatro detectores de
fluorescéncia. A fluorescéncia verde foi coletada no canal FL1 (533 nm = 30 nm) e a
vermelha no canal FL3 (> 670 nm). Os sinais de dispersao e a fluorescéncia das

células individuais que passaram através do laser foram coletados como sinais
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logaritmicos. O sinal de fluorescéncia (medicdes da area de pulso) dos fluorocromos
utilizados foi coletado pelos filtros 6ticos nos canais FL1 (TO e BOX) e FL3 (PI, EB e
CTC). O threshold foi ajustado em FSC (12.000) para eliminar ruidos ou particulas
(de detritos celulares) muito menores que as células intactas. As células bacterianas
foram identificadas por parametros FSC/SSC. A aquisicdo da amostra foi realizada
em uma taxa de fluxo baixa (12 mL/min) e um total de 10.000 eventos foram
adquiridos por amostra. A andlise dos dados foi realizada no software BD Accuri C6.

Gréficos de densidade que representam luz de disperséo direta (FSC) versus
luz de disperséao lateral (SSC) foram obtidos durante as medi¢bes. O FSC fornece
informacdes relativas ao tamanho da célula e o SSC fornece informacdes sobre
granulosidade celular. A analise de FL1 versus FL3 foi aplicada para determinar as
propriedades de fluorescéncia das populacdes celulares marcadas com dois
flurocromos simultaneamente. Células TO* PI- representam células com membranas
intactas e as células TO* PI* correspondem a células com membrana celular
danificada ou ligeiramente permeabilizada. As células TO™ PI* representam células
com membrana permeabilizada e as células TO™ PI- representam células com DNA
ou RNA danificado, enquanto a célula ainda pode estar intacta (SUROWSKY et al.,
2014). Células BOX* PI" representam células despolarizadas e ndo permeabilizadas;
as ceélulas BOX* PI* e BOX PI* correspondem a populacbes de células
despolarizadas e permeabilizadas com diferentes graus de dano; e as células BOX
PI- representam populagfes de células intactas, polarizadas e ndo permeabilizadas
(HAMMER; HEEL, 2012). A analise de SSC versus FL3 foi realizada para determinar
as propriedades de fluorescéncia das populacdes EB* e CTC*, que reprsentam
células com atividade de bomba de efluxo alterada e funcdo respiratéria nao
prejudicada, respectivamente (LEONARD et al., 2016; MORISHIGE; FUJIMORI;
AMANO, 2015). Essas popula¢cdes encontram-se nos retangulos localizados no lado

direito dos graficos.

5.6 AVALIACAO DE ASPECTOS DE QUALIDADE DOS SUCOS

5.6.1 Andlises fisico-quimicas

Amostras dos diferentes sucos com ou sem a adicdo dos 6leos essenciais

(CIM/4 e CIM/8) de M. arvensis L. e M. piperita L. foram avaliadas quanto ao °Brix,
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pH e acidez titulavel logo apds a adicdo dos 6leos essenciais. Esses parametros
incluem os atuais padrdes fisico-quimicos brasileiros de sucos de frutas tropicais
sem adicdo de aclcar (BRASIL, 2003). O teor de sélidos soltveis (°Brix) foi
determinado utilizando um refratdmetro digital (modelo HI 96801, Hanna
Instruments, Sdo Paulo, Brasil), os valores de pH foram determinados usando um
potenciometro digital (modelo Q400AS, Quimis, Sao Paulo, Brasil) e a acidez
titulavel foi determinada por titulometria utiizando NaOH 0,1 N na presenca de
fenolftaleina como indicador e os resultados foram expressos em gramas por 100
gramas (equivalentes de acido citrico; AOAC, 2012). As amostras de suco utilizadas
nas analises fisico-quimicas ndo foram autoclavadas, pois a autoclavagem néo

interferiu nos parametros avaliados.

5.6.2 Andalise sensorial

As andlises sensoriais foram realizadas com a aprovacdo do Comité de Etica
em Pesquisa sob n° de protocolo 1.125.993/2015 (ANEXO B), utilizando o teste de
aceitacdo (APENDICE C). Para isso, 60 provadores néo treinados (18 a 60 anos de
idade) foram pré-selecionados de acordo com o interesse e frequéncia de consumo
de sucos de frutas. Os provadores realizaram as analises em cabines individuais
com temperatura e iluminacdo adequadas, auséncia de sons ou ruidos e livre de
odores estranhos. Cada participante recebeu duas amostras de suco contendo
diferentes concentracdes (CIM/4 e CIM/8) dos Oleos essenciais e o0 suco controle. Os
Oleos essenciais foram incorporados em amostras de suco 24 h antes do teste
sensorial, as quais foram armazenadas a 4 £ 1 °C. Amostras de sucos sem o0s 6leos
essenciais de M. arvensis L. e M. piperita L. foram testadas como controles. Foram
servidas 30 mL de cada amostra, em copos descartaveis brancos, codificados com
um numero aleatério de trés digitos. Os provadores foram orientados a consumir
bolachas de baixo teor de sal e 4gua para limpar os seus paladares entre as
amostras avaliadas. Os atributos aparéncia, odor, viscosidade, sabor, sabor residual
e avaliacdo global foram avaliados por meio de uma escala hedénica de 9 pontos,
variando de 1 (desgostei muito) a 9 (gostei muito) (STONE; SIDEL, 1993; LEITE et
al., 2016). Previamente, foram realizadas anéalises microbiologicas para garantir que
as amostras utilizadas nos testes sensoriais se encontravam em conformidade com
a legislacéo vigente (BRASIL, 2001).
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5.7 ANALISE ESTATISTICA

Todos os ensaios foram realizados em triplicata, em trés momentos
independentes (repeticdes), sendo os resultados expressos como médias dos
ensaios. Para os ensaios de determinacao de CIM, os resultados foram expressos
como valores modal, pois as CIMs foram as mesmas em todas as repeticfes. Para
0s ensaios de contagem de bactérias e parametros fisico-quimicos e sensoriais, as
analises estatisticas foram realizadas para determinar diferengas significativas (p <
0,05) com base no teste t de Student ou ANOVA, seguida do pés teste de Tukey. O
software Sigma Stat 3.5 (Software Cientifico Jandel, San Jose, California) foi

utilizado para a andlise estatistica dos dados.



38

6 RESULTADOS E DISCUSSAO

Os resultados e discussédo produzidos durante o desenvolvimento da tese
estdo expostos em formato de artigos cientificos submetidos ou publicados
(Apéndices) em revistas cientificas indexadas, e formatados de acordo com as
normas dos periédicos. Por sua vez, as comprovacdes de submissdo e aceite dos

artigos cientificos estao no item Anexos.

Artigo 1: The potential of the incorporation of essential oils and their individual
constituents to improve microbial safety in juices: a review, foi publicado no periédico
Comprehensive Reviews in Food Science and Food Safety (ISSN 1541-4337), v.
15, n. 4, p. 753-772, 2016, doi: 10.1111/1541-4337.12208. Esta revista tem fator de
impacto de 5.974 (JCR 2016), sendo classificada como Qualis A1 na area de

Nutricao (Classificacao de Periddicos Quadriénio 2013—-2016).

Artigo 2: The efficacy of Mentha arvensis L. and M. piperita L. essential oils in
reducing pathogenic bacteria and maintaining quality characteristics in cashew,
guava, mango, and pineapple juices, foi publicado no periédico International
Journal of Food Microbiology (ISSN 0168-1605), v. 238, p. 183-192, 2016, doi:
10.1016/}.ijfoodmicro.2016.09.005. Esta revista tem fator de impacto de 3.339 (JCR
2016), sendo classificada como Qualis A1 na area de Nutricdo (Classificacao de
Periodicos Quadriénio 2013—-2016).

Artigo 3: Investigation of damage to Escherichia coli, Listeria monocytogenes and
Salmonella Enteritidis exposed to Mentha arvensis L. and M. piperita L. essential oils
in pineapple and mango juice by flow cytometry foi submetido para publicacdo no
periodico Food Microbiology (ISSN 0740-0020). Esta revista tem fator de impacto
de 3.759 (JCR 2016), sendo classificada como Qualis A1 na area de Nutricdo
(Classificacéo de Periddicos Quadriénio 2013-2016).

Patente depositada: Natureza da Patente — Patente de Invencdo (Pl). Titulo da
Invencdo — Processo para conservacdo de sucos de frutas com Oleos
essenciais. Numero do Processo — BR 10 2017 006417 4.
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7 CONSIDERACOES FINAIS

Os resultados obtidos demonstraram que a exposicdo de E. coli, L.
monocytogenes e Salmonella Enteritidis aos 6leos essenciais de M. arvensis L. e M.
piperita L. nos sucos de abacaxi, caju e goiaba, proporcionou uma reducéo > 5 logio
UFC/mL nas contagens microbianas, corroborando com a recomendacédo da USFDA
para conservacao de sucos. Verificou-se ainda que a adi¢cdo dos Oleos essenciais de
Mentha ssp. aos sucos de frutas nao alterou os valores de °Brix, pH e acidez, mas
afetou negativamente o sabor e a aceitacdo global dos sucos estudados. Além
disso, os 6leos essenciais de M. arvensis L. e M. piperita L. sdo capazes de causar
aumento da permeabilidade de membrana, despolarizacdo da membrana, inibicao
da atividade da bomba de efluxo e, ainda, alteracéo da atividade respiratoria.

Estes achados revelam o potencial antimicrobiano dos 6leos essenciais de M.
arvensis L. e M. piperita L. quando considerada a sua capacidade de inibicdo do
crescimento das cepas utilizadas no estudo. No entanto, considerando o impacto
causado nos atributos sensoriais dos sucos testados, deve-se ressaltar a
necessidade de estratégias para alcancar a eficacia antimicrobiana e a aceitacao
sensorial. A associacdo de concentracdes reduzidas dos 6leos essenciais de
Mentha spp. com outras tecnologias de conservacdo de alimentos poderia
potencializar a acdo destes 6leos e minimizar as alteracdes sensoriais. Ainda, o
estudo dos danos causados a célula bacteriana e dos seus mecanismos de acao

pode subsidiar a escolha destas tecnologias.
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APENDICE A — Termo de Consentimento Livre e Esclarecido (TCLE)
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UNIVERSIDADE FEDERAL DE PERNAMBUCO

CENTRO DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUAGAO EM NUTRIGAO

<

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Convidamos o (a) Sr. (a) para participar como voluntario (a) da pesquisa Aplicacédo
combinada de O6leos essenciais, temperaturas moderadas e campo elétrico pulsado na
conservagdo de sucos de frutas tropicais, que estd sob a responsabilidade do (a)
pesquisador (a) Jossana Pereira de Sousa, com endereco na Rua José Gomes de S& Filho,
n® 85, CEP: 58037-345, Jardim Oceania, Jodo Pessoa-PB, Telefone: (83) 98882-1506, E-
mail: jossanasousa@gmail.com, para contato com o pesquisador responsavel (inclusive
ligacdes a cobrar), e estd4 sob a orientagdo do Prof. Dr. Evandro Leite de Souza, telefone
para contato: (83) 3216-7807, e-mail: evandroleitesouza@-ccs.ufpb.br.

Este Termo de Consentimento pode conter informagfes que o/a senhor/a ndo
entenda. Caso haja alguma duvida, pergunte a pessoa que esta lhe entrevistando para que
o/a senhor/a esteja bem esclarecido (a) sobre sua participagdo na pesquisa. ApOs ser
esclarecido (a) sobre as informacfes a seguir, caso aceite em fazer parte do Estudo,
rubrique as folhas e assine ao final deste documento, que esta em duas vias. Uma delas é
sua e a outra é do pesquisador responsavel. Em caso de recusa o (a) Sr. (a) ndo sera
penalizado (a) de forma alguma. Também garantimos que o (a) Senhor (a) tem o direito de
retirar o consentimento da sua participagdo em qualquer fase da pesquisa, sem qualquer
penalidade.

INFORMAQC)ES SOBRE A PESQUISA:

Esta pesquisa tem como objetivo geral avaliar a aplicagdo combinada de 6leos
essenciais, tratamentos térmicos moderados e campos elétricos pulsados na conservagéo
de sucos de frutas tropicais e busca informagfes sobre a conservacdo dos sucos de
abacaxi, caju, goiaba e manga, pelo uso dos 6leos essenciais de menta, incluindo o impacto
do seu uso nas caracteristicas sensoriais (sabor, aroma, aparéncia) do produto.

Serdo considerados critérios de exclusdo: pessoas menores de 18 anos, individuos
que ndo tenham o hébito de consumir sucos de frutas, tabagistas, dependentes de alcool e
gestantes. O periodo de participacdo é de aproximadamente 10 minutos. Serdo oferecidas
trés amostras dos sucos de frutas (abacaxi, caju, goiaba ou manga) tratados para
degustacado e avaliagdo de suas caracteristicas sensoriais (aparéncia, aroma, viscosidade,
sabor, sabor residual e avaliagdo global), com posterior preenchimento dos formularios dos
Testes de Aceitacdo e Intencdo de Compra. Por fim, o provador devera ordenar em ordem
decrescente de preferéncia geral (amostra mais preferida para a amostra menos preferida)
as amostras dos sucos (teste de Ordenacao-preferéncia). Ser4 também oferecido um copo
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com 4gua, bolacha, uma caneta e formulérios para o registro de suas opinides, em forma de
escala de nove pontos, que ird do gostei muitissimo ao desgostei muitissimo. ApGs provar
0s sucos, os formularios serdo devolvidos a equipe de pesquisadores e o Sr. (a) estara
liberado (a) para suas atividades particulares.

O teste sensorial ndo apresenta riscos previsiveis ou mensuraveis, pois de acordo
com a literatura os Oleos essenciais de menta adicionados aos sucos de frutas néo
apresentam efeitos téxicos significativos in vivo nas concentragfes utilizadas no estudo.
Inicialmente, serd oferecida uma prova minima, antes da degustacao oficial, para verificar a
sua aceitabilidade organica ao produto. Por ser considerado um alimento perecivel, para
controlar o fator contaminacéo, todo o procedimento de elaboracdo dos sucos foi conduzido
de acordo com as Boas Praticas de Fabricacdo, de acordo com as legislacbes vigentes.
Além disto, antes da aplicagdo das andlises sensoriais, as amostras foram submetidas a
analises microbiolégicas que demonstraram qualidade higiénico-sanitaria dos produtos
elaborados, sendo descartados os produtos que apresentaram valores acima dos permitidos
pela legislacdo especifica, garantindo que os provadores receberdo amostras sem nenhum
risco de contaminagdo microbiolégica. Ainda, os participantes da pesquisa serdo avisados
de que ha substancias que possam causar alergia ou danos a saude, e caso apresente
alguma reacéo alérgica, ndo antes vivenciada, durante ou apos o teste sensorial, comunique
a equipe, que prontamente chamara o Servi¢co de Atendimento Movel de Urgéncia — SAMU,
por meio do nimero 192, assim como, na auséncia deste, ira orientd-lo a ir ao hospital de
referéncia mais proximo.

A conducao deste plano de trabalho podera contribuir para disponibilizacdo de
informacfes para a sociedade acerca das tecnologias empregadas para obtencdo de um
produto de qualidade, seguro e saudavel. Acredita-se que um estudo dessa natureza trara
subsidios para o efetivo aproveitamento de novas tecnologias de conservacao como uma
alternativa de insercdo em sistemas de conservagdo de alimentos, em especial, sucos de
frutas tropicais, na medida em que interfere no tipo e na quantidade de micro-organismos
presentes nestes substratos.

As informacdes desta pesquisa serdo confidenciais e serdo divulgadas apenas em
eventos ou publicagBes cientificas, ndo havendo identificacdo dos voluntarios, a ndo ser
entre os responsaveis pelo estudo, sendo assegurado o sigilo sobre a sua participacdo. Os
dados coletados nesta pesquisa (notas atribuidas as amostras dos sucos de frutas) ficardo
armazenados em pastas de arquivo e computador pessoal, sob a responsabilidade do
pesquisador, no endereco acima informado pelo periodo minimo de cinco (5) anos.

O (a) senhor (a) ndo pagard nada para participar desta pesquisa. Se houver
necessidade, as despesas para a sua participacdo serdo assumidas pelos pesquisadores
(ressarcimento de transporte e alimentacdo). Fica também garantida indenizagdo em casos
de danos, comprovadamente decorrentes da participacdo na pesquisa, conforme decisédo
judicial ou extrajudicial.

Em caso de duvidas relacionadas aos aspectos éticos deste estudo, vocé podera
consultar o Comité de Etica em Pesquisa Envolvendo Seres Humanos da UFPE no
endereco: Avenida da Engenharia s/n — 1° Andar, sala 4 - Cidade Universitaria, Recife-PE,
CEP: 50740-600, Telefone: (81) 2126.8588. E-mail: cepccs@ufpe.br

)
T oA . ¥ ( .
WYIOMNCL AN e DO O,

Assinatura do Pesquisador
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APENDICE B — Consentimento da participacio da pessoa como voluntario

CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO VOLUNTARIO (A)

Eu, ,

CPF , abaixo assinado, apos a leitura (ou a escuta da

leitura) deste documento e de ter tido a oportunidade de conversar e ter esclarecido
as minhas duvidas com o pesquisador responsavel, concordo em participar do
estudo Aplicacdo combinada de Oleos essenciais, temperaturas moderadas e campo
elétrico pulsado na conservacao de sucos de frutas tropicais, como voluntario (a).
Fui devidamente informado (a) e esclarecido (a) pelo (a) pesquisador (a) sobre a
pesquisa, os procedimentos nela envolvidos, assim como 0S possiveis riscos e
beneficios decorrentes de minha participacédo. Foi-me garantido que posso retirar o
meu consentimento a qualquer momento, sem que isto leve a qualquer penalidade

(ou interrupcdo de meu acompanhamento/assisténcia/tratamento).

Joao Pessoa, / /

Assinatura do Participante da Pesquisa
Presenciamos a solicitacdo de consentimento, esclarecimentos sobre a
pesquisa e o aceite do voluntario em participar (duas (02) testemunhas néo ligadas a

equipe de pesquisadores):

Nome:

Assinatura;

Nome:

Assinatura;
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APENDICE C — Formulario para Anélise Sensorial

e
[ [~
[ [

S|

@

GIRTUS IMPaVID,
[ ]

UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE CIENCIAS DA SAUDE
PROGRAMA DE POS-GRADUACAO EM NUTRICAO

TESTE DE ACEITACAO

Nome: Idade:
E-mail: Fone:
Escolaridade: Data:

1. Vocé esté recebendo 03 amostras codificadas de suco de abacaxi adicionado de
diferentes concentracbes do 6leo essencial de hortela-pimenta (Mentha piperita L).
Prove as amostras da esquerda para direita, avalie-as sensorialmente e use a
escala abaixo para indicar o quanto vocé gostou ou desgostou de cada atributo.
Antes de cada avaliacdo, vocé devera fazer uso da agua e da bolacha.

9 — gostei muitissimo

8 — gostei muito Atributos Amostras (c6digo)
7 — gostei moderadamente

6 — gostei ligeiramente Aparéncia

5 — nem gostei/nem desgostei | Aroma

4 — desgostei ligeiramente Viscosidade

3 — desgostei moderadamente | Sabor

2 — desgostei muito Sabor residual

1 — desgostei muitissimo Avaliacéo global

OBRIGADA!
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APENDICE D — Artigo publicado no periédico Comprehensive Reviews in Food
Science and Food Safety (ISSN 1541-4337).

Comprehensive

REVIEWS

in Food Seience and Food Safety

The Potential of the Incorporation of Essential
Oils and Their Individual Constituents to Improve
Microbial Safety in Juices: A Review

Evandro Leite de Souza, Erika Tayse da Cruz Almeida, and Jossana Pereira de Sousa Guedes

Abstract: The juice sector is one of the fastest growing sectors in the food industry. Although juices are important
because of their nutritional value and convenience, their composition and physicochemical properties affect their micro-
biological safety and overall quality during their shelf-life. Furthermore, the thermal process classically applied in juices
partially reduces the occurring microflora, and the use of chemical additives is perceived negatively by consumers. For
these reasons, researchers have proposed the use of nonthermal technologies as antimicrobial preservatives in juices. This
paper covers the recent literature on the use of essential oils (EOs) and the individual constituents (ICs) found therein,
used alone or in combination with other emerging technologies, for the preservation of juices. From this perspective,
this paper discusses the growing importance of the use of EOs and their ICs, either alone or in association with other
emerging technologies, in juices and their effects on the safety and physicochemical and sensory quality attributes of these
products. The results of papers currently available in the literature reveal that EOs and their ICs are promising alternatives
to achieve microbial safety and stability in juices. However, extensive studies considering the effects of each EO or IC
on sensory characteristics, primarily taste and aroma, are still needed to establish each of these substances/compounds as
feasible preservatives for use in juices. Finally, further studies could focus on the combination of low amounts of EOs or
ICs with other nonthermal technologies to achieve a balance between the microbial safety and sensory acceptability of

juices.

Keywords: antimicrobial effects, food preservation, juice, plant substances

Introduction

The demand for fresh and natural food in the market has in-
creased in recent years because consumers have modified their
eating habits and become aware of the relationship between diet
and disease prevention. Hence, the consumption of fruit, vegeta-
bles, and juices as natural sources of carbohydrates, vitamins, min-
erals, and other important components for human health, such
as fibers and antioxidants, has risen substantially. However, as a
consequence of inappropriate manipulation, storage conditions,
and consumption of unpasteurized juices, spoilage and pathogenic
microorganisms may contaminate these products, thus increasing
the possibilities of changes in their proper characteristics and the
risks to consumers. Several salmonellosis and enterohemorrhagic
Escherichia coli outbreaks associated with the consumption of a va-
riety of unpasteurized juices have been reported in recent years
(Parish 2009; Raybaudi-Massilia and others 2009; CDC 2011;
EFSA 2013, 2014, 2015).

MS 20160152 Submitted 26/1/2016, Accepted 21/3/2016. Authors are with
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Because total commeon microbial contamination levels in juices
often range from 3 to 5 logl0 cfu/mL. microbiological spoilage
can occur. It is mainly associated with the presence of yeasts and
lactic acid bacteria, producing an unpleasant aroma of slight fer-
mentation (Stratford and others 2000; Tournas and others 2006;
Tyagi and others 2014b). Nevertheless, even in juices presenting
pH values unfavorable for the growth of most pathogenic bacte-
ria, contaminants such as Salmonella spp., E. coli O157: H7, and
Listeria spp. may survive and cause disease following the inges-
tion of these foods (Friedman and others 2004; Kisko and Roller
2005; Mosqueda-Melgar and others 2007; Parish 2009; Raybaudi-
Massilia and others 2009). Consequently, the United States Food
and Drug Administration (USFDA) has recommended that juices
must be processed to achieve 5 log10 cfu/mL reductions (99.999%)
in the population of pathogens of public health concern (USFDA
2001); however, the agency does not specify the method to reach
this inactivation level.

Traditionally, the shelf-life stability of juices has been achieved
through thermal processing, and the recommended temperatures
for pasteurization by high-temperature short-time are in the
range of 72 to 82 °C (FDA 2004). In addition to thermal
treatment, chemical preservatives such as potassium sorbate and
sodium benzoate are widely used to extend the shelf-life of
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Juices (Amurpour and others 2015). Sulfur dioxide has been also
extensively used to preserve juices because of its antioxidant
properties and selective inhibitory effects on enzymatic and
microbial activities (Toniolo and others 2010). However, heat
treatment commonly reduces product quality and freshness in
juices, and chemical preservatives have been often rejected by
consumers, which has increased interest in exploiting new and
effective natural-origin and safe juice-preservation strategies.
Therefore, several nonthermal pasteurization methods have been
proposed over the last few decades, including pulsed electric field,
high-pressure homogenization, high hydrostatic pressure, and
ultrasound, to preserve juices (Rupasinghe and Yu 2012).

These emerging preservation techniques seem to have the po-
tential to provide “fresh-like™ juices, and they have been asso-
ciated with “green” antimicrobials, such as essential oils (EOs)
or their individual constituents (ICs), possibly leading to syn-
ergistic or additive interactions (Mosqueda-Melgar and others
2012; Patrignani and others 2013; Espina and others 2014b; Tyagi
and others 2014b). The synergistic interactions resulting from
the combination of these physical techniques and antimicrobial
substances/compounds could in practice prolong the shelf-life of
juices and become possible strategies for the replacement of tradi-
tional pasteurization methods and synthetic antimicrobial preser-
vatives (Rupasinghe and Yu 2012); hurdle technology (the Hurdle
principle; Leistner 1978) has offered greater lethality against mi-
croorganisms than any single treatment (Duan and Zhao 2009).

EO is a product obtained from natural raw material of plant
origin by steam distillation, mechanical processes from the epi-
carp of citrus fruits or dry distillation, after the separation of the
aqueous phase, if there is any, by physical processes (Intl. Or-
ganization for Standardization 9235 2013). These substances are
complex mixtures that can contain approximately 20 to 80 ICs at
different concentrations. The chief group of ICs forming the EOs
results from the union of terpenes and terpenoids. and the other
group contains aromatic and aliphatic constituents (Burt 2004).
Most EOs and their [Cs are cited as “generally recognized as
safe” (GRRAS) by the USFDA and are registered by the European
Commission for use as flavoring substances in foods (Anonymous
1999): they have been cited to have no significant or marginal
toxic effects regarding the possible amount of use in food (British
Pharmaceutical Codex 1979; Burt 2004).

Considering that the outer membrane acts as an impermeable
barrier to hydrophobic compounds, the damage in this cell struc-
ture might represent an interesting opportunity to design com-
bined or sequential processes that facilitate the action of antimi-
crobial compounds or procedures (Ait-Ouazzou and others 2011).
Hydrophobicity is an important characteristic of EOs and their
ICs, which enables them to partition in the lipids of the bacterial
cell membrane, disturbing the structures, rendering them more
permeable, and causing leakage of ions and other cell components
(Burt 2004). In juices, it appears that the application of EOs and
their ICs, in combination or in sequential association with other
emerging techniques, has been successful due to the decrease in
the concentrations of antimicrobials and the temperatures applied
in thermal treatment and also to the increase of the effects of non-
thermal techniques (Nguyen and Maittal 2007; Mosqueda-Melgar
and others 2008a.b.c; Espina and others 2011, 2012, 2013a.b;
Ait-Ouazzou and others 2013).

Quality losses in juices may occur as a consequence of mi-
crobiological, enzymatic, chemical, or physical alterations. There-
fore, interest in the use of nonsynthetic substances or compounds
to prevent microbiological spoilage, although assuring safety and
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maintaining quality characteristics n juices, has significantly in-
creased in the last few years (Raybaudi-Massilia and others 2009).
In this context, the aim of this paper is to provide an overview
of the use of EOs and/or their 1Cs, used alone or in association
with other emerging technologies, in fruit and vegetable juices to
maintain their safety and quality characteristics.

Use of EOs as Antimicrobials in Juices

Although the use of natural antimicrobial preservatives in juices
shows an upward trend, some researchers have stated that high
concentrations of EOs are necessary to achieve the desired an-
timicrobial effects when these substances are the single hurdle
to controlling microbial growth, implying likely undesirable sen-
sory characteristics (Hyldgaard and others 2012). Apart from these
potential negative sensory effects, studies have found interesting
antimicrobial effects when EOs and/or 1Cs are incorporated into
a variety of juices, as summarized in Table 1.

The effects of the incorporation of clove EO (4500 and
9000 mg/L) on the mesophilic count in watermelon juice during
7 d of storage at 37 °C was studied. At the end of the incuba-
tion period, 9000 mg/mL of clove EO decreased the mesophilic
count in juice in 6 to 8 log cycles, whereas this decrease was ap-
proximately of 4 log cycles when the EO was incorporated into
the juice at 4500 mg/mL (Siddiqua and others 2014). The study
of the effects of the incorporation of black pepper EO on the
shelf-life of orange juice stored at 4 °C over 28 d detected that
the mesophilic and fungi counts increased over time. However, the
addition of 0.2 pL/mL of the EO slightly decreased (less than 1 log
cycle) these counts in the juice compared to the counts obtained
in juice without the EO (Kapoor and others 2014). The incorpo-
ration of lemon EO (0.08%, 0.12%, and 0.16%) into lemon juice
concentrate provoked the total inhibition of the germination and
outgrowth of Acinetobacter acidoterrestris spores under refrigerated
storage over 11 d (Maldonado and others 2013). The incorpora-
tion of 5 pL/100 mL of cinnamon EQ in tyndallized carrot broth
inhibited the germination of spores of psychrotrophic Bacillus cereus
(EPSO-35AS and INRA TZ415) over 60 d of storage at either 8
or 12 °C. However, the spores of B. cereus were capable to germi-
nate and persist as vegetative cells in juice stored at 16 °C, even
when the cinnamon EO was incorporated (Hernindez-Herrero
and others 2008). These findings suggested an enhanced antimi-
crobial effect in juices resulting from the use of cinnamon EO and
storage under lower temperatures. Few studies have attempted to
elucidate the action mechanism of EOs on bacterial spore coats,
but ultrastructural studies have shown damage in bacterial spores
challenged with EOs, such as shriveling and dehydrated morphol-
ogy, which may be associated with the possible loss of intracellular
contents (Young and Setlow 2003). In addition, studies have sug-
gested that ICs may negatively interfere with the action of nutrient
receptors connected to a cascade of alterations that lead spores to
commit to germination (Cortezzo and others 2004).

The assessment of the effects of the EO from Litsea cubeba
on Lactobacillus plantarum in orange-milk beverage revealed that
6000 pg/g of the EO provoked a complete inactivation of the
L. plantarum population and that the inhibitory effects mcreased
nearly 3-fold when the EO concentration doubled (Lin and
Yang 2012). A study evaluated the inhibitory effects of the EOs
from clary sage, juniper, lemon, and marjoram against Geotrichum
candidum, Pichia anomala, Sacharomyces cerevisiae, and Schizosac-
charomyces pombe in cloudy (unfiltered or unclarified juice—
containing particles in suspension that not precipitate out) and
clear apple juice (Tserennadmid and others 2011). In general, the
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EOs presented the same minimum inhibitory concentration (MIC;
1 to 4 pL/mL) in both clear and cloudy apple juices after 43 h of
incubation. However, when minor differences in anti-yeast effects
(higher MICs) were observed, this occurred in cloudy apple juice.
The researchers stated that particles in cloudy apple juice could
decrease the antimicrobial effects of EOs because ICs may ad-
here to particles and precipitate, thus reducing their antimicrobial
efficacy.

The antibacterial effects of different EOs (apricot, bergamot,
cinnamon bark, cinnamon, clove, grapefruit, lavender, lemon,
lemongrass, lime, melissa, orange, tangerine, and oregano) in
a range of concentrations (0.00065% to 0.67%) against E. coli
O157:H7 and S. enterica in cloudy and clear apple juices using
different exposure periods (5, 30, and 60 min) and storage tem-
peratures (4, 21, and 37 °C) were assessed. The effects of the tested
EOs were expressed as the concentration (%) of each EO capable
of killing 50% of the bacterial population (BA50). Overall, the
findings of this study revealed that, with some exception, the low-
est BA50 values were observed when the juices were maintained at
higher incubation temperatures, and the antibacterial effects were
lower in the cloudy juice as compared to the clear juice, against
both E. coli and S. enterica (Friedman and others 2004). The re-
searchers proposed that these decreased antimicrobial effects in
cloudy juices may be associated with the adsorption of some ICs
to the surface of the apple pulp present in cloudy juices. Moreover,
in these studies, the antibacterial effects of the EOs increased with
the contact time. Exceptionally, thyme EQO was capable of killing
target pathogens at a refrigeration storage temperature (4 °C).

The effects of the incorporation of 0.5% of thyme EO on the
inhibition of Listeria monocytogenes and Candida albicans in apple—
carrot mixed juice during storage at 4 °C for 5 d were analyzed.
The thyme EO was effective in inhibiting both L. monocytogenes
and C. albicans, provoking count reductions of 0.71 and 0.63 log
cycles, respectively, at the end of the assessed storage period (Irkin
and Korukluoglu 2009). The antimicrobial effects of difterent con-
centrations (2 to 10 uL/mL) of lemongrass, cinnamon, clove, and
palmarose EOs on Salmonella Enteritidis, E. coli, and Listeria innocua
in apple, pear, and melon juices were evaluated. In apple and pear
juices, 2 pL/mL of cinnamon EO or lemongrass EO displayed
killing effects against both target bacteria after 24 h of incubation
at 35 °C. In the case of melon juices, lethal effects against the
target bacteria were noted when 5 and 10 uL/mL of lemongrass
and cinnamon EQ, respectively, were added to juices. However,
the cidal effects against these bacteria were also observed in juices
without EO, and this fact was possibly associated with the influ-
ence of the juice pH: apple and pear juices are more acidic (pH
4.2 and 3.9, respectively) than melon juice (pH 5.9). The ultra-
structural observations revealed that 5 pL/mL of lemongrass EO
in apple juice resulted in the deterioration of membrane perme-
ability, the disruption of the cellular membrane, and the leakage
of cell content in Salmonella Enteritidis (Raybaudi-Massilia and
others 2006).

The efficacy of lemongrass EO was evaluated regarding the ca-
pability to induce a =5-log reduction of a mixed composite of
E. coli, L. monocytogenes, and Salmonella Enteritidis in pineapple
juice. The incorporation of EO into juice at all tested concentra-
tions (0.6, 1.2, 2.5, and 5 pL/mL) decreased the counts of all target
bacteria. In juice containing 0.6 pL/mL of EO, =5-log reductions
in E. coli and L. monocytogenes counts were observed after 1 h and
45 min, respectively whereas 12 h of incubation was needed to
achieve a similar reduction in Salmonella Enteritidis. The presence
of high amounts of oxygenated monoterpenes in lemongrass EO

756 Comprehensive Reviews in FoodScience and Food Safety * Vol. 15,2016

(77.9%), particularly of citral, neral, and geraniol, could be associ-
ated with the inhibitory effects against the tested bacterial strains.
However, the intrinsic low pH of pineapple juice likely also con-
tributed to these inhibitory effects because of the increased sensi-
tivity of bacteria to EOs at low pH values (Leite and others 2016).
Bacterial susceptibility to EOs appears to increase with a decrease
in the pH of food, because at a low pH, the hydrophobicity of an
EO increases, enabling it to more easily dissolve in the lipids of
the cell membrane of the target bacteria (Burt 2004).

Use of ICs as Antimicrobials in Juices

EOs present a diversity of [Cs, although in most cases the major
constituents found therein are 2 or 3 with concentrations = 1%,
compared with other constituents present in smaller concentra-
tions (0.1% to <1%) and traces (=<0.1%; Bakkali and others 2008).
The antimicrobial effects of different EOs may depend only on
their major ICs; however, evidence has revealed that, in some
EOs, these properties may also be influenced by interactions be-
tween major and minor ICs through synergism and additive or
antagonistic effects (Deba and others 2008; Loeffler and others
2014; Aznar and others 2015). Some investigations have exploited
synergies between ICs to overcome drawbacks related to the pos-
sible negative sensory effects of high concentrations of whole EOs
in foods. This approach has allowed the use of new and more po-
tent antimicrobial mixtures containing 1Cs, which simultaneously
act on distinct targets in microbial cells (Hyldgaard and others
2012; Loeffler and others 2014).

Studies approaching the use of ICs as antimicrobials in juices
are presented in Table 2. Overall, cinnamaldehyde, or trans-
cinnamaldehyde, followed by carvacrol and p-cymene, are the
ICs most tested for use as antimicrobial preservatives in juices.
Notably, p-cymene (the precursor of thymol and carvacrol)
presents slight or no antimicrobial effects; however, some stud-
ies have combined p-cymene with other I1Cs to assess possible
enhancements in antimicrobial effects (Delgado and others 2004
Kisko and Rooller 2005; Rattanachaikunsopon and Phumkhachorn
2010).

Cinnamaldehyde

The interest in studying trans-cinnamaldehyde in juices may
be justified by its higher solubility in water when compared to
other ICs. This phenylpropanoid is a major component of cin-
namon bark EO, and acts in microbial cells by increasing mem-
brane permeability, causing the depletion of intracellular protons
and, consequently, the disruption of adenosine triphosphate (ATP)
synthesis (Lambert and others 2001; Bakkali and others 2008;
Horvath and others 2016). The investigation of the antimicro-
bial effects of trans-cinnamaldehyde emulsions (0.8%, 2.4%, and
4%, w/v) against Salmonella Typhimurium, E. coli, and Staphy-
lococcus aureus in watermelon juice over 48 h at 37 “C verified
that the emulsion containing 0.8% of trans-cinnamaldehyde was
capable of inhibiting Salnonella Typhimurium and S. awreus in
Juice, as measured by optical density at 600 nm; whereas the
emulsions presented no inhibitory effect against E. coli. The an-
timicrobial effects against Salmonella Typhimurium increased with
the increase in the trans-cinnamaldehyde concentration in emul-
sions; however, the inhibitory effects against E. coli and S. aureus
were not affected by the increase in trans-cinnamaldehyde con-
centrations during the assessed incubation period (Jo and others
2015).

The antimicrobial effects of dual combinations among trans-
cinnamaldehyde, perillaldehyde, and citral emulsions against
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acid-resistant Zygosaccharomyces bailii strains (906 Pepsi and ATCC
60484) in clear and cloudy apple juices stored at 20 °C for 27 d
was assessed. For both test strains, no growth was observed
in clear and cloudy apple juices after the incorporation of the emul-
sion containing the dual combinations of 100 pg/mL of trans-
cinnamaldehyde-citral, 125 pg/mL of trans-cinnamaldehyde-
perillaldehyde, or 400 pg/mL of perillaldehyde-citral (Loetler and
others 2014). However, the dual combinations of 50, 62.5, and
200 pg/mL of trans-cinnamaldehyde-citral, trans-cinnamalde-
hyde-perillaldehyde, and perillaldehyde-citral, respectively, were
ineffective in inhibiting yeast growth in both clear and cloudy
Juices.

Another study investigated the inhibitory effects of 5000 and
10000 mg/L of trans-cinnamaldehyde alone or the combination
of 1250 or 625 mg/L of trans-cinnamaldehyde and clove EO on
mesophilic counts in watermelon juice over 7 d of storage at
37 °C. The results showed that the combinations of 1250 mg/L
of both trans-cinnamaldehyde and clove EO were more eftective
than 10000 mg/L of clove EO alone, presenting count reduc-
tions of =7 log cycles at the end of 5 d of storage (Siddiqua and
others 2014). The efficacy of trans-cinnamaldehyde to inactivate
E. coli O157:H7 in apple juice over 21 d of storage under re-
frigeration and at room temperature was also verified (Baskaran
and others 2010). Trans-cinnamaldehyde at 0.025%, 0.075%, and
0.125% reduced the E. coli O157:H7 counts to undetectable levels
(=<1 cfu/mL) on days 5, 3, and 1 of storage at 23 °C, whereas trans-
cinnamaldehyde at 0.025% reduced the counts to undetectable
levels only on day 5 of storage. In juices stored at 4 °C, the incor-
poration of trans-cinnamaldehyde at 0.025%, 0.075%, and 0.125%
decreased the counts of E. coli O157:H7 to undetectable levels on
days 14, 5, and 3 of storage, respectively. The stronger antibacterial
effects displayed by trans-cinnamaldehyde at 23 °C were associ-
ated with a possible higher metabolic activity, growth, and the
bacterial death rate. Moreover, storage at room temperature may
increase the solubility of trans-cinnamaldehyde and change the
fatty acid profile of the bacterial membrane, facilitating the an-
timicrobial activities of trans-cinnamaldehyde (McElhaney 1976;
Gill and Holley 2006).

The study of the effects of 2 uL/100 mL of trans-
cinnamaldehyde on the growth/death kinetics of B. cereus (EPSO-
35AS) in tyndallized carrot broth stored under different storage
temperatures (8, 12, and 16 °C) detected complete inactivation
in juice over 60 d of storage at 8 and 12 °C (Hernindez-Herrero
and others 2008). However, the B. cereus cells were capable of
surviving in juices that contained trans-cinnamaldehyde and were
stored at 16 °C; this capability was associated with the more active
metabolism of microbial cells when cultivated at a higher incuba-
tion temperature (Prescott and others 2004).

The effect of different trans-cinnamaldehyde concentrations
(0.00065% to 0.67%) and time—temperature combinations (21 °C
for 5 min and 37 °C for 60 and 120 min) on cidal activities (BA50
values) against E. coli O157:H7 and S. enterica in cloudy and clear
(Mott’s) apple juices and in fresh apple (Arkansas black. empire,
gala. and Fuji) juices was investigated. In some cases, the apple
variety affected the antibacterial effects of trans-cinnamaldehyde
under the same experimental conditions as follows: at 37 °C by
30 min, the cidal effects against E. coli occurred at 0.044% in Em-
pire apple juice and at 0.056% in Fuji apple juice; for S. enferica,
the cidal effects occurred at 0.047% in Arkansas Black juice and at
0.05% in both Empire and Gala apple juice (Friedman and others
2004).

(© 2016 Institute of Food Technologists®

Carvacrol

Carvacrol, a monoterpenoid phenol, is frequently referred to
as the main constituent of oregano EO (Luz and others 2012;
Horvith and others 2016). The antimicrobial mechanisms of
carvacrol involve membrane damage and increase in membrane
permeability to ions, the depletion of intracellular ATP, and the
disruption of the proton-motive force (Helander and others 1998;
Ultee and others 1999). The antimicrobial eftects of carvacrol and
p-cymene, alone and in combination, were assessed In carrot juice
inoculated with Vibrio cholerae (ATCC 14033, VC1, and VC7).
After 4 d of storage at 25 “C, the incorporation of carvacrol alone
(2.5, 5.0, and 7.5 ppm) into juice presented dose-dependent in-
hibitory effects, with reductions in I cholerae counts varying from
1.59 to 3.64 log cycles, whereas p-cymene presented no inhibitory
effects. The combinations of 5 or 7.5 ppm of carvacrol and
p-cymene were effective in causing the total inactivation of
V7 cholerae strains in carrot juice (Rattanachaikunsopon and
Phumkhachorn 2010). The same study investigated the influence
of different storage temperatures (4, 15, and 25 °C) on the
inhibitory effects of the combination of 7.5 ppm of carvacrol
and p-cymene against I cholerae in carrot juice and observed
that the bacterial sensitivity decreased as the storage temperature
decreased. The researchers stated that the low storage temperature
might have changed the properties and, consequently, the 7
cholerae membrane fluidity, in addition to affecting the synthesis
of target sites in the cytoplasmic membrane of bacterial cells and
thereby influencing the sensitivity to ICs.

The effects of the incorporation of carvacrol and p-cymene,
alone or in combination, against artificially inoculated E. coli
O157:H7 and naturally present mesophilics and yeasts in unpas-
teurized apple juice stored at 4 and 25 °C up to 20 d were assessed.
Carvacrol at 1.25 mM provoked reductions in mesophilic and yeast
counts of approximately 2 log cycles until the 20th day of storage
at 25 °C, followed by a subsequent increase in mesophilic counts
until the 20th day of storage. The yeast counts continued to de-
cline, and E. coli O157:H7 counts decreased to below the detection
limit (1 log cfu/mL). Overall, the antimicrobial effects of carvacrol
and p-cymene incorporated individually in juices stored at 4 °C
were relative because a gradual decline occurred in mesophilic and
yeast counts over time, although the survival of E. coli O157:H7
extended substantially over the assessed storage period. When the
combination of .5 mM of carvacrol and 0.25 mM of p-cymene
was incorporated into juice stored at 4 °C, none E. coli O157:H7
cell was detected after day 1 of storage and mesophilic counts
were reduced to near 2 log cfu/mL. Therefore, the combination
of carvacrol and p-cymene at the tested concentrations was consid-
ered a potential cidal treatment against naturally present spoilage
mesophilics and yeasts and E. coli O157:H7 in unpasteurized ap-
ple juice, particularly when stored at low temperatures (Kiské and
Roller 2005).

The BA50 of carvacrol in the function of different time/
temperature conditions (4, 21, and 37°C by 5, 60, and
120 min) in fresh (Arkansas Black, Empire, Fuji, Gala) apple juices
inoculated with E. coli and S. enterica was studied. At 60 min
at 37 °C, the carvacrol BA50 values toward E. coli varied from
0.0097% in Gala apple juice to 0.02% in Fuji apple juice; the
carvacrol BA50 values toward S. enferica varied from 0.019% in
Fuji apple juice to 0.0054% in Gala apple juice. Furthermore,
carvacrol inactivated the bacteria cells in a contact time as fast as
5 min, and the inactivation rates were higher when the contact
time was extended (Friedman and others 2004). Another study
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verified that 5 pL/100 mL of carvacrol provoked no growth of B.
cerens EPSO-35AS spores in tyndallized carrot broth stored at 8 °C
within 60 d. Meanwhile, carvacrol appeared to trigger slowness
in the growth of B. cereus germinated cells in juices under 16 and
12 °C (Hernandez-Herrero and others 2008). This behavior was
associated with a probable lower active bacterial metabolism at low
temperatures (Prescott and others 2004).

Eugenol

Eugenol belongs to the monoterpenes (phenylpropanoid) class,
and it is the major component of clove EO. The antimicrobial
mechanism action of eugenol is associated with a disruption of the
cytoplasmic membrane and a consequent increase in nonspecific
permeability that results in a loss of ions and proteins, causing mi-
crobial death (Burt 2004; Gill and Holley 2006). The effects of a
nanoemulsion (obtained by ultrasound emulsification) containing
3% of eugenol on mesophilic counts in orange juice stored at 4 and
25 °C over 72 h was evaluated. A reduction in mesophilic counts
of approximately 3.5 log cycles in juices containing carvacol was
achieved over 24 h of storage at 4 °C; however, when the juice
was stored at 25 °C, this decrease (approximately 2.5 log cycles)
occurred up to only 6 h of storage, with increases in counts in
further assessed storage time points (Ghosh and others 2014). In
another study, spores of B. cereus EPSO-35AS inoculated into tyn-
dallized carrot broth containing 35 pL/100 mL of engenol were
not capable of germinating within 60 d in storage at 8 °C. How-
ever, in the higher tested storage temperatures (12 and 16 °C), the
incorporation of eugenol into juice was not capable of inhibiting
spore germination or cell growth over time. Furthermore, eugenol
at 35 uL/100 mL did not inhibit the growth of B. cerens INRA
TZ415 at all storage temperatures tested (Hernindez-Herrero and
others 2008).

Thymol

Thymol is a monoterpenoid phenol and one of the major con-
stituents of thyme EO. Although the antimicrobial action modes
of thymol is not fully understood, it is believed to include outer-
and inner-membrane severance, affecting the structure of mem-
brane proteins and intracellular targets (Hyldgaard and others 2012;
Horvith and others 2016). The incorporation of 0.5, 0.3, or
(.1 mmol/L of thymol in tomato juice stored at 25 °C for 48
h provoked reductions of approximately 4.6, 2.7, and 0.7 log cy-
cles, respectively, in counts of Candida lusitaniae (Aznar and others
2015). The incorporation of 0.5, 1.0, 2.0, and 4.0 mmol/L of
thymol alone in carrot juice stored at 30 °C reduced the counts
of B. cereus in a range of 1.0 to 5.5 log cycles after 24 h of incu-
bation; this killing effect occurred in a dose-dependent manner.
However, 4.0 and 2.0 mmol/L of p-cymene tested alone were ca-
pable of provoking only approximately 0.5 log-cycle reductions in
counts of B. cereus in juices after 24 h of incubation. After the 24-
h incubation period, the combinations of thymol and p-cymene
induced a greater killing effect against B. cerens, with reductions
in counts varying from 2.0 to 7.0 log cycles (Delgado and others
2004).

Geraniol

The inhibitory effects of geraniol on Salmonella Enteritidis, E.
coli, and L. innocua in apple, pear, and melon juices were assessed.
Geraniol at 2 pL/mL was effective in decreasing the counts of
Salmonella Enteritidis to near 1 log cycle after 24 h of incuba-
tion at 35 °C in melon juice, whereas no count of E. coli or L.
innocua was observed in juice containing 6 pL/mL of geraniol

760 Comprehensive Reviews in Food Science and Food Safety * Vol.15,2016

(Raybaudi-Massilia and others 2006). The antibacterial activities
of citral, geraniol. linalool, linalyl acetate, terpinene, and terpinen-
4-ol against E. coli O157:H7 and Salmonella Enteritidis in clear and
cloudy apple juices was also verified (Friedman and others 2004).
The results of this study revealed that for both target bacteria, the
inactivation effects induced by geraniol, linalool, and terpinen-4-
ol increased with the contact time, and the beginning of bacteria
inactivation occurred after as little as 5 min of incubation, suggest-
ing the test compounds were fast-acting antimicrobials. Overall,
Salmonella Enteritidis was the most sensitive bacteria regardless the
type of juice, temperature, and contact time, and stronger antibac-
terial effects were observed in cloudy than in clear juices.

Use of EOs or ICs in Association with Other Preserva-
tion Techniques in Juices

Some studies have approached the combined use of EOs or their
ICs and physical emerging technologies such as mild heat treat-
ment, pulsed electric field, high hydrostatic pressure, high pressure
homogenization, and ultrasound to maintain the safety and quality
of juices, as summarized in Table 3. Thermal processing with a
temperature higher than 60 °C is the most widely used technology
for the pasteurization of juices, using different time—temperature
combinations. Juices are traditionally pasteurized by batch heating
using low temperature (63 to 65 °C) for a relatively long time
(LTLT), but this method has been progressively replaced by high-
temperature short-time (HTST) treatment to avoid undesirable
quality changes in the final product. The HTST treatment uses a
shorter heat treatment (90 to 95 °C for 15 to 30 s, 77 to 88 °C
for 25 to 30 s) and is currently the most widely applied method
for the heat treatment of juice; however, this technique also tends
to reduce the product quality and freshness (Rupasinghe and Yu
2012). An alternative to these heat treatments is the application of
mild temperatures in combination with antimicrobial substances
or compounds in juices, forming a new strategy to inhibit or delay
microbial growth and to avoid the problems of organoleptic effects
on these products.

Mild heat treatment

The combined efficacy of mint, eucalyptus, and lemongrass
EOs and thermal treatment on the preservation of a mixed fruit
juice (apple and orange) was evaluated. The use of the thermal
treatment alone (70 or 80 °C for 30, 60, and 90 s) was ineffective
in preventing juice spoilage by S. cerevisiae, whereas a complete
inhibition was induced when each of the mint (1.13 mg/mL),
eucalyptus (4.5 mg/mL), and lemongrass (1.13 mg/mL) EOs was
incorporated into juice stored for 8 d at room temperature. The
yeast count in juice was inhibited by the EOs in a dose-dependent
manner, and the combination of treatments reduced the effective
EO dose requirement, showing that it is a highly useful synergy to
inhibit S. cerevisiae in juice (Tyagi and others 2013, 2014a.b). The
use of only one tested treatment (EO or thermal treatment) was not
capable of guaranteeing the microbial stability of juices without
affecting the final sensory properties (Belletti and others 2010).
Thermal treatment may enhance the antimicrobial efficacy of EOs
by influencing the vapor phase of the volatile molecules forming
the EOs, which in turn improves the possibility of solubilizing
the yeast—cell membrane (Lanciotti and others 2004; Belletti and
others 2007).

The incorporation of 0.1% or 1.2% of mint EO in pasteur-
ized tomato juice that was treated with mild heat (50 °C for 30
min) caused 4.77 and 8.34 log-cycle reductions, respectively, in
naturally occurring microorganisms (Nguyen and Mittal 2007).
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T " A 0.74 log-cycle reduction in the native microbiota of tomato
é X @ juice submitted only to heat treatment was observed. At 44 °C,
e ® . - . .
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A = - . . -
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g?j_ = = s =4 counts over time (7.34 log after 7 d at 4 °C). Overall, clove and
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= o L = L B affected by combinations of vanillin, citral, and mild heat treat-
= L o " g ments in orange juice. The addition of 25 ppm of citral reduced
E § U 8% gy ® ! the inactivation time to reach a 5 log-cycle reduction of L. in-
- wi > = . - - .
5‘2 IS : 9 o ggg E 8 nocua in 2.4, 1.0, and 1.3 min at 57, 59, and 61 °C, respectively.
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5 £ Char and others 2010).
= o F g The effects of the use of 0.2 uL/mL of the EOs from Mentha
b 3 S T = pulegium L. and Thymus algeriensis L. in combination with mild
n e B 5 Z . .
o=|E = ; Zo g heat treatment (54 °C for 10 min) was also evaluated against E.
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2 g|E E _ =3 ;X Z coli O157:H7 VTEC (Phage type 34) in apple and orange juices
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a0 MN— - . . = . .
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= = F -
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methods acting separately, and all ICs were able to interact with cell
envelopes; sublethal injuries were inflicted to most cells forming
the target bacterial population (Ait-Ouazzou and others 2011).

The occurrence of sublethal injury in bacteria after a challenge
with different food-preservation methods, or as a consequence of
other stressing conditions, is an already well-known phenomenon
(Manas and Pagin 2005), although the underlying mechanism is
still not fully understood. However, the inflicted damages in sub-
lethally injured cells demonstrate the efficacy of combining mild
heat treatments with EOs or ICs, as hydrophobic antimicrobials
(Somolinos and others 2010). Damage induced by heat might fa-
cilitate the access of hydrophobic compounds to the cytoplasmic
membrane, which is the primary site of toxic action of terpenes,
or might enable ICs to be more easily transported into the cell
(Burt 2004).

Other studies also evaluated the effects of EOs from citrus fruit
peel, such as orange and lemon, or their ICs in a sequential ap-
plication with mild heat treatment (54 “C for 10 min) on the
survival of E. coli O157:H7 VTEC (Phage type 34) inoculated
in apple and orange juices. The pretreatment of E. coli O157:H7
with 200 puL/L of lemon EO in apple juice (Espina and oth-
ers 2012) and with orange EO or (+)-limonene in orange juice
(Espina and others 2013a, 2014b) increased the bacterial inacti-
vation effects of mild heating (54 °C). In apple juice containing
each of the EOs or (+)-limonene, only 5 min was necessary to
inactivate 5 log cycles of E. coli O157:H7; in orange juice, this
reduction was reached in less than 20 min, with the exception of
juice supplemented with (4-)-limonene, where the same inactiva-
tion level was achieved in 12 min. The decreased heat tolerance
imposed by the tested EOs or 1Cs on E. coli 0157:H7 was simi-
lar with the application of increasing temperatures (up to 60 °C).
Furthermore, approximately 3.0, 2.0, and 4.0 log cycles of the E.
coli O157:H7 survivor population presented sublethal injuries in
their outer membrane when cultivated in juice containing lemon
EO, orange EO, and (+)-limonene alone, respectively (Espina and
others 2012, 2013a, 2014b). Overall, the addition of the tested
citrus EOs or (4+)-limonene before heating provoked more than 4
extra log cycles of inactivation than the antimicrobials or mild heat
treatment acting alone, revealing an enhancement (such as syner-
gism action) of their anti-E. coli effects as a consequence of their
sequential application. The researchers stated that, because the in-
activation kinetics of target bacteria in juices containing orange
EO or in juices treated with the mild temperature were highly
similar, it could be proposed that the enhanced antibacterial ef-
fects were likely associated with the inactivation of heat-injured
cells, primarily of those damaged in their outer membranes be-
cause of the action of heat treatment. This structural damage in
cells may facilitate the access of ICs (such as (+)-limonene) to
the periplasmic space and cytoplasmic membrane, resulting in the
further inactivation of E. coli O157:H7 cells in juice (Espina and
others 2013a, 2014b).

The inactivation kinetics of L. monocytogenes in pineapple juice
containing Eryngium foetidum EO and/or treated with low pas-
teurization temperatures was also assessed. The use of only 15
ppm of the EO during pasteurization (60 °C) of pineapple juice
reduced the time required to achieve a 4-log-cycle reduction in
the L. monocytogenes population (from 8.5 to 2.1 min) compared
with heat treatment without EQ. These studies also detected that
the inhibitory effects of E. foetidum EO on L. monocytogenes in-
creased with the reduction of pH and supported its possible use
at sublethal concentrations as possible strategy for an EO-assisted
pasteurization of juices (Ngang and others 2014).
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High-intensity pulsed electric field

Because thermal treatment causes undesirable effects, nonther-
mal pasteurization methods have been proposed over the last
few decades for use in juices, including the pulsed electric field
process, also known as the high-intensity pulsed electric field
(HIPEF) process. HIPEF treatment has been shown to be able
to inactivate microorganisms, to decrease the activity of enzymes
and to extend the shelf-life of foods without a significant loss of fla-
vor, color, or nutrients (Cserhalmi and others 2006; Elez-Martinez
and others 2006; Mosqueda-Melgar and others 2008a,b,c). This
technology involves the application of short pulses (1 to 10 us)
of a high-intensity electric field (typically 20 to 80 kV/cm) to
fluid foods placed between 2 electrodes in a batch or a contin-
uous flow system. This treatment induces structural changes in
the membranes of microbial cells because of the formation of
pores, consequently leading to microbial destruction and inactiva-
tion (Tsong 1991). The HIPEF treatment application has received
USFDA approval, and it is currently used in food processing on a
commercial scale.

Combinations of HIPEF (35 kV/cm, 4-us pulse length, with-
out exceeding 40 °C) with cinnamon bark EO against Salmonella
Enteritidis and E. coli O157:H7 populations in apple, pear, or-
ange, and strawberry juices were evaluated, and enhanced (like
additive) inhibitory effects were detected when the EOs were as-
sayed in concentrations varying from 0.05% to 0.1%. Nonetheless,
to achieve a =5 log-cycle reduction in bacteria populations, the
assoclation of HIPEF treatment with 0.1% of cinnamon bark EO
in apple and pear juices and with 0.05% in strawberry juices was
needed (Mosqueda-Melgar and others 2008a). In tomato juice, a
synergistic effect was observed using HIPEF treatment (35 kv/cm
for 1000 ws at 100 Hz, 4-ps pulse length) and 0.1% of cinnamon
bark EO. This combined treatment was also enough to provoke
a =5 log-cycle reduction in the Salmonella Enteritidis popula-
tion, thus achieving the pasteurization standard required by the
USFDA (Mosqueda-Melgar and others 2008c). The authors pro-
posed that the mechanisms for the enhanced antimicrobial effect
of the combined application of HIPEF and cinnamon bark EO
were likely related to the formation of pores on the cell membrane
when HIPEF was applied, favoring the diffusion of the [Cs to cells
inside and causing damage to vital cell functions.

Indeed, the consumption of melon and watermelon juices can
provide potential health benefits. However, without a minimal
processing, these products could potentially be a source of micro-
biological diseases because of their mild acidity (pH 5.2 to 6.7) and
high water activity (0.97 to 0.99), which both favor the growth
of pathogenic microorganisms (USFDA 2001); this concern may
be expanded to other low-acidity fruit. Different concentrations
of cinnamon bark EO (0.05% to 0.3%) applied alone were effec-
tive in reducing E. coli O157:H7, Salmonella Enteritidis, and L.
monocytogenes counts in melon and watermelon juices. Contrary
to other findings (Mosqueda-Melgar and others 2008a), syner-
gistic effects of the combined treatment using 0.05% and 0.10%
of cinnamon bark EO and HIPEF (35 kV/cm for 1682 to 1709
ms at 193 Hz and 4-ms pulse duration) were detected against
Salmonella Enteritidis and L. monocytogenes in both melon and wa-
termelon juice. An additive effect was observed only against E.
coli ©O157:H7 in melon and watermelon juice when 0.05% of
cinnamon bark EO was combined with HIPEE Nevertheless, in
order to inactivate the bacterial populations in both juices by more
than 5 log cycles, combinations of 0.20% of cinnamon bark EO
and HIPEF treatment were needed (Mosqueda-Melgar and others
2008b).

© 2016 Institute of Food Technologists®
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Changes in the microbiological population of apple, pear,
tomato, strawberry, and orange juices treated with cinnamon bark
EO and HIPEF and stored at 5 °C were investigated (Mosqueda-
Melgar and others 2012). The shelf-life of apple, pear, and tomato
Jjuices treated by HIPEF alone was extended approximately 27, 37,
and 44 d at 5 °C more than untreated juices, respectively. In turn,
the juices treated by cinnamon bark EO (0.1%) and HIPEF pre-
sented a total inactivation of background microflora (mesophilic,
molds, and yeasts and also psychrophilic) for more than 91 d at
5 °C. The microbial populations were completely inactivated
when the strawberry and orange juices were treated by HIPEE
alone or combined with the EQO, and the shelf-life for all was
extended by more than 91 d.

The possible enhanced lethal effects of the combined (sequen-
tial) use of HIPEF (25 pulses at 30 kV/cm) and each of the ICs, a-
pinene, S-pinene, p-cymene, thymol, carvacrol, borneol, linalool,
terpineol-4-ol, 1,8-cineole, a-terpinyl acetate, and camphor, at
0.2 pL/mL each, against E. coli O157:H7 VTEC (Phage type 34)
in apple and orange juice, was also evaluated. Only the combi-
nation of HIPEF and carvacrol caused the inactivation of 2 log
cycles of bacterial cells in orange juice and nearly 5 log cycles
in apple juice. To understand the outstanding synergistic effect of
PEF and carvacrol, instead of applying both barriers simultane-
ously, carvacrol was added to the apple juice 3 min immediately
after the HIPEF treatment. As a result, again, nearly 5 log cycles
of cells were inactivated, suggesting that changes caused by HIPEF
were not instantaneously reversible, and most survivors were sen-
sitive to the subsequent challenge with carvacrol. This detected
synergistic effect appeared to be promising for the improvement
of the antibacterial efficacy of HIPEF treatments, allowing higher
levels of inactivation at lower intensities of pulses (Ait-Ouazzou
and others 2011). In another study, the level of inactivation of
E. coli O157:H7 resulting from the associated application of (4)-
limonene (200 mL/L) and HIPEF (25 pulses at 30 kV/cm) was
additive, that is, it was equal to the sum of the levels of inactivation
of both treatments applied separately: and no extra inactivation be-
cause of the followed application of the methods was observed.
When applied separately, the treatments inactivated fewer than 0.5
log cycles of the initial E. coli O157:H7 population (Espina and
others 2013a).

High-pressure homogenization
pressure

Other nonthermal pasteurization methods for use in juices are
high-pressure homogenization (HPH) and high hydrostatic pres-
sure (HHP), these are processes that use pressures up to 1000 MPa,
with or without heat, to inactivate microorganisms in food prod-
ucts (Ramaswamy and others 2005). Some studies have shown
the efficacy of HPH treatments to inactivate both spoilage and
pathogenic microorganisms and to extend the shelf-life of juices
(Brifiez and others 2006a,b, 2007; Patrignani and others 2009,
2010; Tribst and others 2011). HHP has been shown to meet the
FDA requirement of a 5 log-cycle reduction of microorganisms
in juices without negatively affecting their sensory and nutritional
attributes (San Martin and others 2002). The application of a
multipass HPH treatment (100 MPa/1 to 8 passes) was capable
of potentiating the antimicrobial activity of 50 mg/mL (sublethal
concentrations) of citral against S. cerevisige, resulting in an in-
creased shelf-life of apricot juice. The yeast counts decreased with
the applied number of passes at 100 MPa, regardless of the added
citral concentration. The relationship between the decreases in
yeast counts and the number of passes followed a linear trend;

and high hydrostatic
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hence, after 8 passes, cell counts of 1.2 and 0.3 log10 cfu/mL were
detected in juice samples containing and not containing citral, re-
spectively (Patrignani and others 2013). The observed yeast-count
decreases were in agreement with the hypothesis that in the mul-
tipass treatment, the effect of each pass is additive, and, therefore,
each homogenization pass causes the same reduction of the counts
of the microbial population (Diels and Michiels 2006; Patrignani
and others 2010). The yeast cells’ latency time in juices without
citral increased (approximately 10-fold) with 8 passes at 100 MPa,
from 0.56 to 5.89 d, and the presence of citral increased to 6 to 8 d
the time necessary to attain counts of 6.0 logl0 cfu/mL at 10 °C,
compared to juices not containing citral. The unpressurized and
non-citral-juice samples reached the critical spoilage value after
3.8 d, whereas for samples containing citral, this occurred only
after 9.5 d of storage. It has been suggested that the cumulative
damages caused by HPH treatment and the presence of citral-
injured cells leads to a major inhibition of S. werevisiae growth in
samples subjected to the combined strategy adopted (Patrignani
and others 2013).

The effects of the combined application of the EOs from Cit-
rus sinensis L. and Citrus reficulata L. or (+)-limonene with HHP
on E. coli O157:H7 VTEC (Phage type 34) in apple and orange
juices were assessed (Espina and others 2013b). HHP treatments
caused a low level of inactivation, but a high level of sublethal
injury, to treated cells, and lower pH values of juices contributed
to establishing higher cell-inactivation rates via HHP treatment.
In both apple and orange juices, HHP treatment at 300 MPa for
20 min inactivated fewer than 0.5 log cycles of the initial popula-
tion (approximately 7 logl0 cfu/mL). The addition of 200 puL/L
of C. sinensis L. or C. reticulata L. EO resulted in inactivation levels
of approximately 3 and 1.5 to 2 extra log cycles in orange and
apple juices, respectively. The addition of (+)-limonene inacti-
vated more than 5 log cycles of the initial cell population in apple
and orange juices, increasing the pressure intensity maintained or
increased this effect. Storage of the treated samples under refrig-
eration resulted in the inactivation of up to 3 extra log cycles,
compared with the inactivation achieved right after the combined
treatments (Espina and others 2013b).

Tomato juices were treated in several experimental trials using
HHP alone or in combination with 0.1% and 0.5% of oregano or
thyme EOs. Lactic acid bacteria formed the dominating compo-
nent of the spoilage microbiota during postprocessing storage at
15 °C of juices, causing spoilage of the untreated samples within
4 d. A 0.1% concentration of oregano or thyme EO at least dou-
bled the microbiological shelf-life of tomato juice, and their re-
spective concentrations of (.53% alone or 400 MPa 5 to 20 min
HHP treatment alone resulted in microbial stability for at least 2
weeks. Two-hundred MPa for 10 min resulted in a spoilage delay
of only approximately 3 d, whereas 0.1% of thyme EO increased
the efficacy of this moderate HHP treatment, resulting in a stable
product for at least 3 weeks at the applied storage temperature
(Mohicsi-Farkas and others 2002).

Ultrasound

High-intensity ultrasound (US) combined with EOs or [Cs may
also be an alternative technology for juice preservation. The re-
sponse of L. monocytogenes in orange juice to combined treatments
involving a moderate temperature (45 °C), US (600 W, 20 kHz,
95.2-pm wave amplitude), and the addition of different concen-
trations of vanillin (1000, 1500, and 2000 ppm), citral (75 and
100 ppm), or both was investigated to determine the most ef-
fective inactivation treatment. The presence of vanillin or citral
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greatly increased the cidal effect, and when both compounds were
added together to juice and US was applied, the average bacterial
death times were between 1.6 and 2.6 min (Ferrante and others
2007). A study investigated the efficacy of the use of US (20 kHz/
100 w/0.4 W/mL/15 min/ =30 °C) in combination with or-
ange EO (250 pL/mL) to enhance the shelf-life of orange juice
(Khandpur and Gogate 2016). The combined application of US
and orange EO caused higher reductions in mesophilic counts in
juice, as compared to US or orange EO acting alone.

Chemical preservatives

Chemical preservatives are also widely used for the extension of
the shelf-life of juices. Two of the most commonly used preserva-
tives are potassium sorbate and sodium benzoate; however, these
substances demonstrate a slight killing effect toward pathogens
(such as E. coli O157:H7; Rupasinghe and Yu 2012). The antimi-
crobial synergistic effect of the combinations of cinnamon EO
(0.1%, 0.2%, and 0.3% [w/v]) with sodium benzoate (0.1%) or
potassium sorbate (0.1%) against E. coli O157:H7 in apple juice
at different temperatures and storage periods (8 °C for 14 d and
25 °C for 3 d) was investigated (Ceylan and others 2004). Com-
binations of the antimicrobials exhibited a greater inhibition of
target bacteria than sodium benzoate or potassium sorbate alone.
The antimicrobial effects increased with the increase in the con-
centration of cinnamon EO and a decrease in the storage tempera-
ture, although a =5 log-cycle of bacterial inactivation was reached
under both tested storage conditions. The effect of nisin and cin-
namaldehyde alone or combined to extend shelf-life of pasteurized
(90 °C for 15 s) orange nectar during storage at 25 and 45 °C was
also studied. The combination of the compounds extended the
total inhibition of Alicyclobacillus acidoterrestris growth in 45 d at
25 °C and demonstrated an increased antimicrobial effect
compared with nisin (46.8 IU/mL) or trans-cinnamaldehyde
(0.39 pL/mL) acting alone, which extended the shelf-life by
18 and 39 d. respectively. The combination of nisin and trans-
cinnamaldehyde also induced the complete inhibition of the spore
germination of A. acddoterrestris for a longer time (33 d) com-
pared with nisin (9 d) and trans-cinnamaldehyde alone (21 d:
Khallaf-Allah and others 2015). However, an antagonistic effect
was observed when mint EO (1000 ppm) and sodium benzoate
(0.1%) were used in combination against Zygosaccharomyces rouxii
and Z. bailii in apple juice (Karaman and others 2016).

Freeze—thaw treatment

In addition to the investigations of heat treatment, PEE HHP,
and chemical substances in combination with EOs and their [Cs,
only one available study was found that reported the combined
use of lemongrass (0.1, 0.3, 0.5, and 1 pL/mL), cinnamon leaf
(2 pL/mL), and basil (2 pL/mL) EOs with a freeze—thaw treat-
ment (FTT: freezing —23 “C/24 or 48 h; thawing at 7 °C for 4
h) to reduce the counts of E. coli O157:H7 and Salmonella Enter-
itidis in strawberry juice stored at 7 °C (Duan and Zhao 2009).
FTT is a common method for extending the shelf-life of apple
cider, and its antibacterial effects are assoclated with the induc-
tion of irreversible damages to bacterial cells by the formation of
intra- and extracellular ice crystals (Uljas and Ingham 1999). The
combination of each of the tested EOs and FTT resulted in an
enhanced antimicrobial effect, and the addition of EOQ before the
FTT resulted in a shorter inactivation time of the E. coli O157:H7
population. A possible reason for this behavior is that the mem-
brane damage and cell leakage caused by EO may increase the cell
mjury resulting from freezing stresses (Duan and Zhao 2009).
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Effects of EOs and Their ICs on Quality Parameters of
Juices

During the storage period, fruit and vegetable juices experience
changes 1n their physicochemical parameters that negatively affect
nutritional composition, sensory characteristics, and market value.
However, the incorporation of EOs or their ICs in juices com-
monly influence the alterations in a variety of physicochemical
and sensory parameters over time, as summarized in the studies
presented in Table 4.

The addition of 0.2 uL/mL of black pepper EO in orange
Jjuice induced a decrease in acidity, ascorbic acid, and total sugar
content, in addition to slow nonenzymatic browning over 28 d
of refrigerated storage (Kapoor and others 2014). Under the same
storage conditions and period, similar effects on acidity, total sugar,
and ascorbic acid were induced by the incorporation of 0.1% of
cardamom EO into sweet orange juice (Kapoor and others 2011).
The incorporation of 0.05% of tejpat EO was evaluated for its
effects on the pH value, total acidity, reducing sugars, ascorbic
acid contents, and peroxide values in pineapple juice over 7 d of
storage at 10 °C. The tejpat EO did not protect, caused lower
reductions, and caused no changes in the peroxide value, sugar
content, ascorbic acid, and titrable acidity or pH of pineapple
juice during the monitored storage-time interval (Kapoor and
others 2008).

The incorporation of (+)-limonene or orange EO (50, 100,
and 200 ppm) was assessed for changes in the sensory param-
eters of orange juice submitted to different thermal treatments
(60 °C for 2.1, 2.4, 2.9, 3.4, and 3.9 min) and further stored at
4 °C for 12 h. The incorporation of (4)-limonene, in concen-
trations enough to reduce the applied thermal processing time,
resulted in a lower sensory acceptance of juices, with worse re-
sults for juice supplemented with 200 ppm of (+)-limonene. The
orange juices that contained up to 100 ppm of (+)-limonene or
200 ppm of orange EO and were further submitted to heat treat-
ment presented a similar sensory acceptance as the orange juice
without the antimicrobial tested substances (Espina and others
2014b).

The incorporation of 0.25 pulL/mL of lemon EO positively
affected the taste of clear and cloudy apple juice, and panelists
reported that juices containing lemon EO were refreshing and
harmonic. However, the odor of juices containing lemon EO was
perceived as unpleasant in clear apple juice; this parameter was
better judged in cloudy apple juice (Tserennadmid and others
2011). A study assessed the effects of 4 different EOs (lemon.
pennyroyal mint, thyme, and rosemary) and 2 ICs (carvacrol and
p-cymene) at varying concentrations (20, 100, and 200 pL/L)
on the taste acceptance of tomato juice. The results showed that
the lowest tested concentration of pennyroyal mint and lemon
EO did not change the taste acceptance of tomato juice. On
the contrary, the pennyroyal mint EQ increased the taste accep-
tance of tomato juice, and a remarkable proportion of panelists
responded positively to the incorporation of the other concentra-
tions. The other assessed EOs and ICs at all tested concentrations
negatively affected the taste acceptance of juices (Espina and others
2014a).

The effect of the incorporation of mint EO on the sensory
acceptance of an apple-orange mixed beverage was investigated.
The incorporation of 1.13 mg/mL of mint EO did not affect
the juice sensory acceptance over 8 d of refrigerated storage in
comparison to the incorporation of 0.56 and 0.25 mg/mL of
the EO. Nonetheless, the incorporation of mint EO did not un-
desirably alter the odor or color of the evaluated mixed juice

© 2016 Institute of Food Technologists®
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(Tyagi and others 2013). The effects of 2.5 and 1.25 pL/mL of
lemongrass EO on the physicochemical parameters of pineapple
Juice over 72 h of storage under refrigeration (4 & 1 °C) were as-
sessed. Overall, the incorporation of lemongrass EO preserved the
physicochemical properties of pineapple juice, as measured by pH
values, titratable acidity, and “Brix. The evaluation of the sensory
quality of pineapple juices containing lemongrass EO after refrig-
eration for 24 h demonstrated they were acceptable in terms of
appearance, odor, and viscosity, although noticeable unsatisfactory
changes were found in the taste, aftertaste, and overall acceptability.
Nonetheless, the researchers stated that the overall acceptability of
pineapple juice samples containing lemongrass EO was likely af-
fected by the taste and aftertaste perceptions of the panelists (Leite
and others 2016). Otherwise, the study of effects of the incorpo-
ration of L. cubeba EO (375 to 6000 pg/g) on the aroma and taste
of orange-milk beverages revealed no negative eftfect in terms of
product characteristics (Liu and Yang 2012).

Nanoemulsions containing terpenes (prepared by HPH) were
incorporated into orange and pear juices inoculated with Lacto-
bacillus delbrueckii, which were further evaluated for their physico-
chemical characteristics during storage at 32 °C. The “Brix, pH,
and color of both orange and pear juices were not modified by
the incorporation of the tested nanoemulsions during storage. The
main color deviations were ascertained when 10 g/L of each of the
nanoemulsions was incorporated into juices, and the combined in-
corporation of both tested nanoemulsions at lower concentrations
(5and 1 g/L) was considered acceptable because it induced minor
color deviations (Donsi and others 2011).

The effects of the combined application of 50 mg/L of cit-
ral and HPH on the quality parameters of apricot juice stored at
4 °C for 20 d were investigated, and the juice treated with HPH
presented a decrease and increase in pH values and viscosity, re-
spectively, after the 1st pass at 100 MPa, with a slight decrease in
these parameters in further passes. When the citral was incorpo-
rated into apricot juice before HPH treatment, no modification
was noted in the pH wvalues or viscosity (Patrignani and others
2013). The influence of the incorporation of 0.1% of cinnamon
bark EO and further HIPEF treatment on the aroma, color, taste,
sourness, and overall acceptability of strawberry, orange, apple,
pear, and tomato juices affer maximum 12 h storage at 4 °C was
also evaluated. The dual treatment (HIPEF and cinnamon bark
EO) did not induce changes in the color of any treated juice,
whereas the juices submitted to this combination presented the
lowest scores for aroma, taste, sourness, and overall acceptability
compared to HIPEF alone (Mosqueda-Melgar and others 2012).
Sensory evaluations of melon and watermelon juices treated with
the combination of HIPEF and 0.2% of cinnamon EO immedi-
ately after processing revealed that incorporation of the EO af-
fected all organoleptic properties, although it varied according
to the type of juice. Lower scores in odor, taste, sourness, and
overall acceptability were found for melon juice, whereas lower
scores for taste, sourness, and overall acceptability were found for
watermelon juice (Mosqueda-Melgar and others 2008b).

The investigation of the hedonic acceptability of thermally
treated (60 °C for 0.58 min and 60 °C for 3.12 min) apple juice
containing 75 uL/L of lemon EO revealed no alteration in the sen-
sory properties in comparison to the product treated only by heat.
Moreover, in a simple preference test, juice that contained lemon
EO and was submitted to short thermal treatment (75 pL/L;
60 C for 0.58 min) was preferred to juice without EO and sub-
mitted to longer thermal treatment (60 °C for 3.12 min; Espina
and others 2012). Otherwise, the use of 900 ppm of limonene

© 2016 Institute of Food Technologists®

and HPH (20 MPa) negatively affected the purchase intention of
pasteurized apple juice, and this effect was primarily associated
with a strong lemon odor in juice (Bevilacqua and others 2012).
The incorporation of 900 ppm of vanillin and 25 ppm of citral
into thermally treated (32 °C for 4.7 min) orange juice induced
slight sensory changes in the product. The panelists reported that
the addition of these constituents imparted pleasant but unfamil-
iar flavor to the orange juice (Char and others 2010). Although
there has been some skepticism about the practical use of EOs or
[Cs as antimicrobials in foods, mainly because their possible nega-
tive effects on sensory characteristics of foods, the findings of these
studies cited above show that these desirable or undesirable sensory
impacts have varied with the kind of juice and the incorporated
EO/IC as well their final concentration in juice.

Conclusions

The information compiled in this review demonstrates that dif-
ferent EOs or their [Cs incorporated into fruit and vegetable juices
can etfectively reduce or inhibit pathogenic and spoilage microor-
ganisms. From the reported studies, it can be inferred that the
use of EOs or ICs in association with other nonthermal emerg-
ing food-preservation technologies to preserve fruit and vegetable
juices are innovative and potentially useful alternatives to replace
the use of chemical additives and intense heat treatments. How-
ever, the conditions that are capable of provoking synergistic effects
when the EOs or ICs and other nonthermal technologies are ap-
plied in juices remain focus areas for further research. Adding EOs
or [Cs as antimicrobial preservatives into juices without adversely
affecting the sensory characteristics remains a challenge because
the concentrations that are necessary to ensure microbial safety in
some of these products are higher than those normally accepted by
consumers. Therefore, the study of the synergistic effects among
EOs or ICs and emerging technologies may be utilized to make
the best use of their antimicrobial properties, to reduce the con-
centrations required to achieve a safe antibacterial effect, and to
guarantee sensory acceptance during the shelf-life.

Acknowledgments

The authors thank CNPq (Brazil) for financial support and
CAPES (Brazil) for the PhD scholarships awarded to authors
E.T.C. Almeida and J.P. de Sousa Guedes.

Authors' Contributions

ET.C. Almeida and J.P. de Sousa Guedes researched prior
studies. E.'T.C. de Almeida, J.P. de Sousa Guedes, and E.L. de
Souza interpreted the results, compiled the data, and drafted the
manuscript.

References

Ait-Ouazzou A, Cherrat L, Espina L, Lorin S, Rota C, Pagin R.. 2011, The
antimicrobial activity of hydrophobic essential oil constituents acting alone
or in combined processes of food preservation. Innov Food Sci Emerg
12(3):320-9.

Ait-Ouazzou A, Espina L, Cherrat L, Hassani M, Laglaoni A, Conchello P,
Pagin R. 2012. Synergistic combination of essential oils from Morocco and
physical treatments for microbial inactivation. Innov Food Sci Emerg
16:283-90.

Ait-Ouazzou A, Espina L, Garcia-Gonzalo D, Pagin R. 2013. Synergistic
combination of physical treatments and carvacrol for Escherichia coli
O157:H7 inactivation in apple, mango, orange, and tomato juices. Food
Control 32(1):159-67.

Amirpour M, Arman A, Yolmeh A, Akbari-Azam M, Moradi-Khatoonabadi
Z. 2015. Sodium benzoate and potassium sorbate preservatives in food stuffs
in Iran. Food Addit Contam Part B Surveill 8(2):142-8.

Vol.15,2016 * Comprehensive Reviews inFood Science and Food Safety 769



Essential oils as antimicrobials in juices...

74

Anonymous. 1999, Volatile compounds in food. The Netherlands: Boelens
Aroma Chemical Information Service, Huizen. Available from: hrtp://
www.vcf-online.nl/VefHome.cfm. Accessed 2015 Jun 27.

Aznar A, Fernindez PS, Periago PM, Palop A. 2015. Antimicrobial activity
of nisin, thymol, carvacrol, and cymene against growth of Candida lusitaniae.
Food Sci Technol Int 21(1):72-9.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. 2008. Biological effects of
essential oils—a review. Food Chem Toxicol 46(2):446—75.

Baskaran SA, Amalaradjou MAR., Hoagland T, Venkitanarayanan K. 2010.
Inactivation of Escherichia coli O157:H7 in apple juice and apple cider by
rans-cinnamaldehyde. Int ] Food Microbiol 141(1-2):126-9.

Belletd N, Kamdem SS, Tabanelli G, Lanciotti R, Gardini F. 2010.
Modeling of combined effects of citral, linalool, and B-pinene used against
Saccharomyces cevevisiae in citrus-based beverages subjected to a mild heat
treatment. Int ] Food Microbiol 136(3):283-9.

Belletti N, Kamdem SS, Patrignani F, Lanciotti R, Covelli A, Gardini F
2007. Antimicrobial activity of aroma compounds against Saccharomyces
cerevisiae and improvement of microbiological stability of soft drinks as
assessed by logistic regression. Appl Environ Microb 73(17):5580—6.

Bevilacqua A, Corbo MR, Sinigaglia M. 2012. Use of natural antimicrobials
and high pressure homogenization to control the growth of Saccharomyces
bayanus in apple juice. Food Control 24(1-2):109-15.

Brinez W], Roig-Sagues AX, Herrero MMH, Lopez BG. 2006a.
Inactivation by ultrahigh-pressure homogenization of Escherichia coli strains
inoculated into orange juice. ] Food Protect 69(5):984-9.

Brinez W], Roig-Sagues AX, Herrero MMH, Lopez BG. 2006b.
Inactivation of Listeria innocua in milk and orange juice by ultrahigh-pressure
homogenization. ] Food Protect 69(1):86—92.

Brinez W], Roig-Sagues AX, Herrero MMH, Lopez BG. 2007. Inactivation
of Staphylococcus spp. strains in wholemilk and orange juice using ultra high
pressure homogenization at inlet temperatures of 6 and 20 °C. Food
Control 18(10):1282-8.

British Pharmaceutical Codex. 1979. British Pharmaceutical Codex (BPC).
11th ed. London: Pharmaceutical Press.

Burt S. 2004, Essential oils: their antibacterial properties and potential
applications in foods—a review. Int ] Food Microbiol 94(3):223-53.

CDC. 2011. Centers for Disease Control and Prevention. Foodborne
Outbreak Online Database (FOOD). Available from: http://wwwn.
cde.gov/foodborneoutbreaks/Default.aspx. Accessed 2015 Jun 3.

Ceylan E, Fung DYC, Sabah JR. 2004. Antimicrobial activity and synergistic
effect of cinnamon with sodium benzoate or potassium sorbate in
controlling Escherichia coli O157:H7 in apple juice. ] Food Sci 69(4):102-6.

Char CD, Guerrero SN, Alzamora SM. 2010. Mild thermal process
combined with vanillin plus citral to help shorten the inactivation time for
Listeria innocua in orange juice. Food and Bioprocess Technol 3(5):752-61.

Cortezzo DE, Setlow B, Setlow P. 2004. Analysis of the action of
compounds that inhibit the germination of spores of Bacllus species. ] Appl
Microbiol 96(4):725—41.

Cserhalmi 7, Sass-Kiss A, Toth-Markus M, Lechner N. 2006. Study of
pulsed electric field treated citrus juices. Innov Food Sci Emerg
T(1-2):49-34.

Deba F, Xuan T, Yasuda M, Tawata S. 2008. Chemical composition and
antioxidant, antibacterial and antifungal activities of the essential oils from
Bidens pilosa Linn. var. Radiata. Food Control 19(4):346-52.

Delgado B, Palop A, Fernandez PS, Periago PM. 2004. Combined effect of
thymol and cymene to control the growth of Bacillus cereus vegetative cells.
Fur Food Res Technol 218(2):188—93.

Diels AM], Michiels CW. 2006. High-pressure homogenization as a
nonthermal technique for the inactivation of microorganism. Crit Rev
Microbiol 32(4):201-16.

Donst F, Annunziata M, Sessa M, Ferrari G. 2011. Nanoencapsulation of
essential oils to enhance their antimicrobial activity in foods. Food Sci
Technol-Leb 44(9):1908-14.

Duan J, Zhao Y. 2009. Antimicrobial efficiency of essential oil and
freeze-thaw treatments against Escherichia coli O157:H7 and Salmonella spp.
in strawberry juice. ] Food Sci 74(3):131-7.

Elez-Martinez P, Soliva-Fortuny R, Martin-Belloso O. 2006. Comparative
study on shelf life of orange juice processed by high-intensity pulsed electric
fields or heart treatment. Eur Food Res Technol 222(3):321-9.

Espina L, Gelaw TK, Lamo-Castellvi S, Pagin R, Garcia-Gonzalo D. 2013a.
Mechanism of bacterial inactivation by (+)-limonene and its potential use in
food preservation combined processes. PLoS One 8(2):1-10.

770 Comprehensive Reviewsin Food Science and Food Safety * Vol.15,2016

Espina L, Garcia-Gonzalo D, Pagan R.. 2014a. Impact of essential oils on the
taste acceptance of tomato juice, vegetable soup, or poultry burger. ] Food
Sci 79(8):1575-83.

Espina L, Garcia-Gonzalo D, Pagin R. 2014b. Synergistic effect of orange
essential oil or (4+)-limonene with heat treatments to inactivate Escherichia
coli ©157:H7 in orange juice at lower intensities while maintaining hedonic
acceptability. Food and Bioprocess Technol 7(2):471-81.

Espina L, Garcla-Gonzalo D, Laglaoui A, Mackey BM, Pagin R.. 2013b.
Synergistic combinations of high hydrostatic pressure and essential oils or
their constituents and their use in preservation of fruit juices. Int ] Food
Microbiol 161(1):23-30.

Espina L, Somolinos M, Ait-Ouazzou A, Condon 5, Garcia-Gonzalo D,
Pagin R.. 2012. Inactivation of Escherichia coli O157:H7 in fruit juices by
combined treatments of citrus fruit essential oils and heat. Int ] Food
Microbiol 159(1):9-16.

Espina L, Somolinos M, Lorin S, Conchello P, Garcia D, Pagin R. 2011.
Chemical composition of commercial citrus fruit essential oils and
evaluation of their antimicrobial activity acting alone or in combined
processes. Food Control 22(6):896-902.

European Food Safety Authority. 2013. The European Union summary
report on trends and sources of zoonosis, zoonotic agents, and food- borne
outbreaks in 2011, EFSA J 11(4):1-250.

European Food Safety Authority. 2014. The European Union summary
report on trends and sources of zoonosis, zoonotic agents and food- borne
outbreaks in 2012. EFSA ] 12(2):1-312.

European Food Safety Authority. 2015. The European Union summary
report on trends and sources of zoonosis, zoonotic agents and food- borne
outbreaks in 2013. EFSA J 13(1):1-165.

Ferrante S, Guerrero S, Alzamora SM. 2007. Combined use of ultrasound
and natural antimicrobials to inactivate Listeria monocytogenes in orange juice.
] Food Protect 70(8):1850—6.

Food and Drug Administration. 2004. Guidance for industry: juice HACCP
hazards and controls guidance. 1st ed. Available from: hetp://www.
fda.gov/Food/ GuidanceR egulation/GuidanceDocumentsR egulatory
Information/Juice/ucm072557.htm. Accessed 2015 Jun 3.

Friedman M, Henika PR, Levin CE, Mandrell RE. 2004. Antibacterial
activities of plant essential oils and their components against Escherichia coli
O157:H7 and Salmonella enterica in apple juice. ] Agr Food Chem
52(19):6042-8.

Gill AO, Ho]ley RA. 2006. Disruption of Escherichia coli, Listeria
monocytogenes and Lactobacillus sakei cellular membranes by plant oil
aromatics. Int ] Food Microbiol 108(1):1-9.

Ghosh V, Mukherjee A, Chandrasekaran N. 2014. Engenol-loaded
antimicrobial nanoemulsion preserves fruit juice against, microbial spoilage.
Colloid Surface B 114:392-7.

Helander 1K, Alakomi HL, Latva-Kala K, Mattila_Sandholm T, Pol I, Smid
EJ. Gorris LGM, Wright AV. 1998. Characterization of the action of
selected essential oil components on Gram-negative bacteria. ] Agr Food
Chem 46(9):3590-5.

Hernindez-Herrero LA, Giner MJ, Valero M. 2008. Effective chemical
control of psychrotrophic Bacillus cerens EPSO-35AS and INRA TZ415
spore outgrowth in carrot broth. Food Microbiol 25(5):714-21.

Horvith G, Farkas A, Papp N, Bencsik T, Acs K, Gyergyik K., Kocsis B.
2016. Studies in natural products chemistry. In: Atta-ur-Rahman, editor.
Bioactive natural products. Amsterdam: Elsevier. p 1-476.

Hyldgaard M, Mygind T, Meyer RL. 2012. Essential oils in food
preservation: mode of action, synergies, and interactions with food matrix
components. Front Microbiol 3:1-25.

Intl. Organization for Standardization. 2013. 1SO 9235:2013. Aromatic
natural raw materials—vocabulary. Available from: http://www.iso.
org/iso/catalogue_detail. htm?csnumber=51017. Accessed 2015 Jun 30.

Irkin R, Korukluoglu M. 2009. Growth inhibition of pathogenic bacteria
and some yeasts by selected essential oils and survival of L. monocytogenes and
C. albicans in apple-carrot juice. Foodborne Pathog Dis 6(3):387-94.

Jo Y-J, Chun J-Y, Kwon Y-], Min 5S-G, Hong G-P, Choi M-]. 2015.
Physical and antimicrobial properties of trans-cinnamaldehyde
nanoemulsions in water melon juice. Food Sci Technol-Leb 60(1):444-51.

Kapoor IPS, Singh B, Singh G. 2008. Essential oil and oleoresins of
Cinnamonum tamala (tejpat) as natural food preservatives for pineapple fruit
juice. ] Food Process Pres 32(5):719-28.

Kapoor IPS, Singh B, Singh G. 2011. Essential oil and oleoresins of
cardamom (Amomum subulatum Roxb.) as natural food preservatives for
sweet orange (Citrus sinensis) juice. ] Food Process Eng 34(4):1101-13.

(© 2016 Institute of Food Technologists®



Essential oils as antimicrobials in juices. ..

75

Kapoor IPS, Singh B, Singh S, Singh G. 2014. Essential oil and oleoresins of
black pepper as natural food preservatives for orange juice. ] Food Process
Pres 38(1):146-52.

Karaman K, Sagdic O, Yilmaz MT. 2016. Multiple response surface
optimization for effects of processing parameters on physicochemical and
bioactive properties of apple juice inoculated with Zygosaccharomyces rouxii
and Zygosaccharomyees bailii. LW T-Food Sci Technol 69(1):258-72.

Khallaf-Allah AE-RM, Sobhy HM, Assous MTM, Abbas MS, Ibrahim AM.
2015. Synergistic effect of nisin and cinnamaldehyde against Alicyclobacillus
acidoterrestris in orange nectar. Res ] Pharm Biol Chem Sdi 6(1):61-72.

Khandpur P, Gogate PR.. 2016. Evaluation of ultrasound based sterilization
approaches in terms of shelf life and quality parameters of fruit and vegetable
juices. Ultrason Sonochem 29(1):337-53.

Kiskod G, Roller S. 2005. Carvacrol and p-cymene inactivate Escherichia coli
O157:H7 in apple juice. BMC Microbiol 36(5):1-9.

Lambert RJW, Skandamis PN, Coote P, Nychas G-JE. 2001. A study of the
minimum inhibitory concentration and mode of action of oregano essential
oil, thymol and carvacrol. ] Appl Microbiol 91(3):433-62.

Lanciotti R, Gianotti A, Patrignani F, Belletti N, Guerzoni ME, Gardini F.
2004. Use of natural aroma compounds to improve shelf life and safety of
minimally processed fruits. Trends Food Sci Tech 15(3-4):201-8.

Leistner L. 1978. Hurdle effect and energy saving. In: Downey WK, editor.
Food quality and nutrition. London: Applied Science Publishers Ltd.

p 553-7.

Leite CJB, Sousa JP, Medeiros JAC, Conceicio ML, Falcio-Silva VS, Souza
EL. 2016. Inactivation of Escherichia coli, Listeria monocytagenes, and
Salmonella Enteritidis by Cymbopagon citratus DLC. Stapf. Essential oil in
pineapple juice. ] Food Protect 79(2):213-9.

Liu T-T, Yang T-S. 2012. Antimicrobial impact of the components of
essential oil of Litsea cubeba from Taiwan and antimicrobial activity of the oil
in food systems. Int ] Food Microbiol 156(1):68-75.

Loeffler M, Beiser S, Suriyarak S, Gibis M, Weiss ]. 2014. Antimicrobial
efficacy of emulsified essential oil components against weak acid-adapted
spoilage yeasts in clear and cloudy apple juice. ] Food Protect 77(8):1325-35.

Luz IS, Gomes-Neto NJ, Tavares AG, Nunes PC, Magnani M, Souza EL.
2012. Evidence for lack of acquisition of tolerance in Salmonella enterica
Serovar Typhimurium ATCC 14028 after exposure to subinhibitory
amounts of Origamum vulgare L. essential oil and carvacrol. Appl Environ
Microb 78(14):53021—4.

Maldonado MC, Aban MP, Navarro AR.. 2013. Chemicals and lemon
essential oil effect on Alicyclobacillus acidoterrestris viability. Braz ] Microbiol
44(4):1133-7.

Marias P, Pagan R.. 2005. Microbial inactivation by new technologies of food
preservation. ] Appl Microbiol 98(6):1387-99.

McElhaney R.. 1976. The biological significance of alterations in the fatty
acid composition of microbial membrane lipids in response to changes in
environmental temperature. In: Heinrich MR, editor. Extreme
environments: mechanisms of microbial adaptation. New York: Academic
Press. p 255-81.

Mohicsi-Farkas C, Kiskd G, Mésziros L, Farkas J. 2002, Pasteurisation of
tomato juice by high hydrostatic pressure treatment or by its combination
with essential oils. Acta Aliment Hung 31(3):243-52.

Mosqueda-Melgar ], Raybaudi-Massilia RM, Martin-Belloso O. 2007.
Influence of treatment time and pulse frequency on Salmonella Enteritidis,
Escherichia coli and Listeria monocytogenes populations inoculated in melon and
watermelon juices treated by pulsed electric fields. Int ] Food Microbiol
117(2):192-200.

Mosqueda-Melgar ], Raybaudi-Massilia RM, Martin-Belloso O. 2012.
Microbiological shelf life and sensory evaluation of fruit juices treated by
high-intensity pulsed electric fields and antimicrobials. Food Bioprod
Process 90(2):205-14.

Mosqueda-Melgar ], Raybaudi-Massilia RM, Martin-Belloso O. 2008a. Non
thermal pasteurization of fruit juices by combining high-intensity pulsed
electric fields with natural antimicrobials. Innov Food Sci Emerg
9(3):328-40.

Mosqueda-Melgar ], Raybaudi-Massilia RM, Martin-Belloso O. 2008b.
Combination of high-intensity pulsed electric fields with natural
antimicrobials to inactivate pathogenic microorganisms and extend the
shelf-life of melon and watermelon juices. Food Microbiol 25(3):479-91.

Mosqueda-Melgar ], Raybaudi-Massilia RM, Martin-Belloso O. 2008c.
Inactivation of Salmonella enterica ser. Enteritidis in tomato juice by
combining of high-intensity pulsed electric fields with natural
antimicrobials. ] Food Sci 73(2):47-533.

(© 2016 Institute of Food Technologists®

Ngang JJE, Nyegue MA, Ndoye FC, Kamgain ADT, Kamdem SLS,
Lanciotti R, Gardini F, Etoa FX. 2014. Characterization of Mexican
coriander (Eryngium foetidum) essential oil and its inactivation of Listeria
monacytogenes in vitro and during mild thermal pasteurization of pineapple
juice. ] Food Prot 77(3):435-43.

Nguyen P, Mittal GS. 2007. Inactivation of naturally occurring
microorganisms in tomato juice using pulsed electric field (PEF) with and
without antimicrobials. Chem Eng Process 46(4):360-5.

Pan X, Mak L-M, Nakano H. 2014. Efficacy of essential oils on inactivation
of Escherichia coli O137:H7 in vegetable juice. Food Sci Technol Res
20(5):1043-9.

Parish ME. 2009. Food safety issues and the microbiology of fruit beverages
and bottled water. In: Heredia N, Vesley I, and Garcia S, editors.
Microbiologically safe foods. New York: John Wiley & Sons. p 291-304.

Patrignani F, Tabanelli |, Siroli L, Gardini F, Lanciotti R.. 2013. Combined
effects of high-pressure homogenization treatment and citral on
microbiological quality of apricot juice. Int ] Food Microbiol
160(3):273-81.

Patrignani F, Vannini L, Kamdem SLS, Lanciotti R, Guerzoni ME. 2009,
Effect of high-pressure homogenization on Saccharomyces cerevisiae
inactivation and physico-chemical features in apricot and carrot juices. Int J
Food Microbiol 136(1):26-31.

Patrignani F, Vannini L, Kamdem SLS, Lanciotti R, Guerzoni ME. 2010.
Potentialities of high-pressure homogenization to inactivate
Zygosaccharomyees bailii in fruit juices. ] Food Sci 75(2):116-20.

Prescott L, Harley J, Klein D. 2004. Microbiology. 6th ed. New York:
MeGraw-Hill.

Ramaswamy HS, Chen CR, Marcotte M. 2005. Novel processing
technologies for food preservation. In: Barrett DM, Somogyi LP,
Ramaswamy H, editors. Processing fruits: science and technology. USA:
CR.C Press. p 2114,

Rattanachaikunsopon P, Phumkhachorn P. 2010. Assessment of factors
influencing antimicrobial activity of carvacrol and cymene against Vibrio
cholerae in food. | Biosci Bioeng 110(5):614-9.

Raybaudi-Massilia RM, Mosqueda-Melgar ], Martin-Belloso O. 2006.
Antimicrobial activity of essential oils on Salmonella Enteritidis, Escherichia
coli, and Listeria innocua in fruil:_]'uices,_] Food Protect 69(7):1579—86.

Raybaudi-Massilia RM, Mosqueda-Melgar ], Soliva-Fortuny R,
Martin-Belloso O. 2009. Control of pathogenic and spoilage
microorganisms in fresh-cut fruits and fruit juices by traditional and
alternative natural antimicrobials. Comp Rev Food Sci Food Saf
8(3):157-80.

Rupasinghe HPV, Yu L]. 2012. Emerging preservation methods for fruit
juices and beverages. In: El-Samragy Y, editor. Food additive. InTech.
p. 65-82.

San Martin MF, Barbosa-Cinovas GV, Swanson BG. 2002. Food processing
by high hydrostatic pressure. Crit Rev Food Sci Nutr 42(6):627—45.

Siddiqua S, Anusha BA, Ashwini LS, Negi PS. 2014. Antibacterial activity of
cinnamaldehyde and clove oil: effect on selected foodborne pathogens in
model food systems and watermelon juice. ] Food Technol 52(9):5834—41.

Somolinos M, Garcia D, Maiias P, Condon S, Pagan R.. 2010. Organic acids
make Escherichia coli more resistant to pulsed electric fields at acid pH. Int ]
Food Microbiol 136(3):381—4.

Stratford M, Hofman PD, Cole MB. 2000. Fruit juices, fruit drinks and soft
drinks. In: Lund BM, Baird-Parker A, Gould GM, editors. The
microbiological safety and quality of food. Maryland: Aspen Publishers Inc.
p 836-69.

Toniolo R, Pizzariello A, Susmel S, Dossi N, Bontempelli G. 2010. A sensor
on electrodes supported on ion-exchange membranes for the flow-injection
monitoring of sulfur dioxide in wines and grape juices. Talanta
80(3):1809-15.

Tournas VH, Heeres ], Burgess L. 2006. Moulds and yeasts in fruit salads and
fruit juices. Food Microbiol 23(7):684-8.

Tribst AAL, Franchi MA, De Massaguer PR, Cristianini M. 2011. Quality of
mango nectar processed by high-pressure homogenization with optimized
heat treatment. ] Food Sci 76(2):106-10.

Tserennadmid R, Tako M, Galgoczy L, Papp T, Pesti M, Vigvilgyi C,
Almassy K, Krisch ]. 2011. Antiyeast activities of some essential oils in
growth medium, fruit juices, and milk. Int | Food Microbiol 144(3):

4806,

Tsong TY. 1991. Electroporation of cell membranes. Biophys ]

60(2):297-306.

Vol.15,2016 = Comprehensive Reviews inFood Science and Food Safety 771



Essential oils as antimicrobials in juices...

76

Tyagi AK, Bukvicki D, Gottardi D, Tabanelli G, Montanari C, Malik A,

Guerzoni ME. 2014a. Eucalyptus essential oil as a natural food preservative:

in vivo and in vitro antiyeast potential. BioMed Res Int 2014 (2014):1-9.

Tyagi AK, Gottardi I, Malik A, Guerzoni ME. 2013. Antiyeast activity of
mentha oil and vapors through in vitro and in vive (real fruit juices) assays.
Food Chem 137(1-4):108—14.

Tyagi AK, Gottardi D, Malik A, Guerzoni ME. 2014b. Chemical
composition, in vifro antiyeast activity and fruit juice preservation potential
of lemon grass oil. Food Sci Technol-Leb 57(2):731-7.

United States Food and Drug Administration. 2001. Hazard analysis and
critical control point (HACCP); procedures for the safe and sanitary

772 Comprehensive Reviewsin Food Science and Food Safety * Vol. 15,2016

processing and importing of juices. final rule, Federal Register 66:6138—
202,

Uljas HE, Ingham SC. 1999. Combinations of intervention treatments
resulting in 5-log10-unit reductions in numbers of Escherichia coli O157:H7
and Salmonella typhimurinm DT 104 organisms in apple cider. Appl Environ
Microb 65(5):1924-9.

Ultee A, Kets EP, Smid EJ. 1999. Mechanisms of action of carvacrol on the
food-borne pathogen Bacillus cerens. Appl Environ Microb 65(10):4606—10.

Young S, Setlow P. 2003. Mechanism of killing Bacillus subtilis spores by
hypochlorite and chlorine dioxide. ] Appl Microbiol 95(1):54—67.

© 2016 Institute of Food Technologists®



77

APENDICE E - Artigo publicado no periédico International Journal of Food

Microbiology (ISSN 0168-1605).

International Journal of Food Microbiology 238 (2016) 183-192

Contents lists available at ScienceDirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro

The efficacy of Mentha arvensis L. and M. piperita L. essential oils in
reducing pathogenic bacteria and maintaining quality characteristics in
cashew, guava, mango, and pineapple juices

@ CrossMark

Jossana Pereira de Sousa Guedes, José Alberto da Costa Medeiros, Richard Sidney de Souza e Silva,
Janaina Maria Batista de Sousa, Maria Liicia da Concei¢do, Evandro Leite de Souza *

Laboratory of Food Microbiology, Department of Nutrition, Health Science Center, Federal University of Paraiba, Jodo Pessoa Brazil

ARTICLE INFO ABSTRACT

Artide history:

Received 21 May 2016

Received in revised form 7 September 2016
Accepted 11 September 2016

Available online 13 September 2016

This study evaluated the ability of the essential oil from Mentha arvensis L (MAEQ) and M. piperita L (MPEO) to
induce >5-log reductions in counts (CFU/mL) of E. coli, L. monocytogenes, and Salmonella enterica serovar
Enteritidis in Brain-Heart Infusion broth (BHIB) and cashew, guava, mango, and pineapple juices during refriger-
ated storage (4 + 0.5 °C). The effects of the incorporation of these essential oils on some physicochemical and
sensory parameters of juices were also evaluated. The incorporation of 5, 2.5, 1.25, or 0.625 uL/mL of MAEO in
BHIB caused a =5-log reduction in counts of E. coli and Salmonella Enteritidis after 24 h of storage; but only

Keywords:
Me}:m spp. 5 uL/mL was able to cause the same reduction in counts of L. monocytogenes. The incorporation of 10 pL/mL of
Volatile oil MPEQ in BHIB caused a = 5-log reduction in counts of E. coli, Salmonella Enteritidis, and L. monocytogenes after

Antibacterial effects 24 hof storage; smaller reductions were observed in BHIB containing 5, 2.5, and 1.25 pL/mL of MPEOQ. Similar re-
Pathogenic bacteria ductions were observed when the MAEO or MPEQ was incorporated at the same concentrations in mango juice.
Juice The incorporation of MAEO or MPEO at all tested concentrations in cashew, guava, and pineapple juices
Preservation resulted in a 25-log reduction in pathogen counts within 1 h. The incorporation of MAEQ and MPEO (0.625
and 1.25 pL/mL, respectively) in fruit juices did not ind uce alterations in “Brix, pH, and adidity, but negatively af-
fected the taste, aftertaste, and overall acceptance. The use of MAEO or MPEQ at low concentrations could consti-
tute an interesting tool to achieve the required 5-log reduction of pathogenic bacteria in cashew, guava, mango,
and pineapple fruit juices. However, new methods combining the use of MAEO or MPEQ with other technologies

are necessary to reduce their negative impacts on specific sensory properties of these juices.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction processing contamination (Aneja et al., 2014; Raybaudi-Massilia et

al., 2009; Tribst et al., 2009; Vantarakis et al,, 2011).

Fruit juice is consumed and appreciated worldwide because of its
attractive flavor characteristics and refreshing aspect, as well as be-
cause it is considered a natural source of beneficial health compo-
nents (Neves et al,, 2011; Singh et al., 2015). Reports have cited
that approximately 40% of fresh fruit is converted into juices and
that inappropriate manipulation and storage condition result in con-
tamination of these products with pathogenic bacteria, posing a po-
tential risk to consumers (Chen et al., 2010; Mattioli et al., 2013;
Simforian et al., 2015). The pathogenic bacteria in fruit juices are
from microflora normally present on the fruit surfaces or that were
contaminated during harvest, postharvest handing, and distribution,
which invade the fruit pulp during the processing, or from post-

* Corresponding author at: Universidade Federal da Paraiba, Centro de Ciéncias da
Salde, Departamento de Nutri¢do, Campus I, 58051-900, Cidade Universitdria, Jodo
Pessoa, Paraiba, Brazil.

E-mail address: evandroleitesouza@ccs.ufpb.br (E.L de Souza).

http://dx.doi.org/10.1016/jijfoodmicro.2016.09.005
0168-1605/0 2016 Elsevier B.V. All rights reserved.

Generally, the common high acidity of fruit juice is enough to avoid
the proliferation of pathogenic bacteria by creating an unfavorable envi-
ronment for their survival. However, several foodborne outbreaks
caused by pathogenic bacteria have been associated with fruit juices
(CDC, 2011; EFSA, 2013, 2015). Reports of the incidence, survival, and
growth of pathogenic bacteria, such as Escherichia coli, Listeria
monocytogenes, and Salmonella spp., in acidic (pH < 4.6) and low-acid
(pH = 4.6) fruit juices have changed the lack of concern that these
foods may harbor pathogenic bacteria (Raybaudi-Massilia et al,, 2009;
USFDA, 2001). Therefore, the United States Food and Drug Administra-
tion (USFDA) issued its final rule on processing fruit and vegetable
juices in 2001 (Juice Hazard Analysis and Critical Control Point) requir-
ing a = 5-log reduction (99.999%) of the pathogen of concern in juices,
but without specifying the use of any particular method (USFDA, 2001).

Traditionally, the safety and stability of juices have been achieved
through thermal processing and the use of chemical preservatives
(Amirpour et al., 2015; Rawson et al,, 2011; Toniolo et al., 2010).
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The most commonly used heat treatment is pasteurization; however, the
high temperature destroys many of the desirable constituents of juice
that provide nutritional and sensorial qualities to the product. The chem-
ical compounds (e.g., benzoic and sorbic acids, and sulfur dioxide) used
to preserve juices may be toxic and responsible for the occurrence of al-
lergies (Polonio and Peres, 2009; Vally et al., 2009). Thus, it is necessary
to use preservation technologies, or a combination of methods, that have
no or minimal adverse effects on quality characteristics of juices
(Khandpur and Gogate, 2016; Leite et al., 2016; Mohamed and Eissa,
2012).

Some nonthermal pasteurization methods, such as pulsed electric
fields, high-pressure homogenization, high hydrostatic pressure, and ul-
trasound, has been considered emerging technologies to use in juices
preservation (Rupasinghe and Yu, 2012). In addition, the interest in
using nonsynthetic substances or compounds to prevent microbiological
spoilage in juices while assuring safety and maintaining quality character-
istics has increased in recent years (Espina et al,, 2014b; Kapoor et al,
2014; Leite et al., 2016; Raybaudi-Massilia et al., 2009). This demand
could be achieved by the use of essential oils (EOs) (Bassolé and Juliani,
2012; Calo et al., 2015; Perricone et al., 2015; Souza et al., 2016). The
EOs have been known for their antimicrobial activity, safe use, and current
status as “generally recognized as safe” (GRAS) food ingredient, and ap-
proval by USFDA for use in foods and drinks (Burt, 2004; USFDA, 2015).

The EOs have been extensively described to have antimicrobial activ-
ities against several spoilage microorganisms and foodborne pathogensin
different types of foods, although these activities have varied with the
type of the assayed food matrix (Burt, 2004; Gofii et al, 2009; Lopez et
al,, 2005; Manso et al., 2015; Mith et al,, 2014; Perricone et al., 2015).
The studies available in the literature reveal that EOs and their constitu-
ents are promising alternatives to achieve microbial safety in apple,
pear, melon, carrot, orange, watermelon, pineapple, tomato, strawberry,
and apricot juices (Souza et al., 2016). However, there are no investiga-
tions about the use of EOs or their constituents in juices produced from
cashew, guava, and mango, which are some of the main fruit species cul-
tivated in Brazil (FAO, 2015).

Early studies showed that Mentha spp. EOs possess interesting antimi-
crobial activities against spoilage microorganisms and foodborne patho-
gens (Iscan et al, 2002; Tyagi and Malik, 2011; Tyagi et al,, 2013). The
Mentha genus belongs to the Lamiaceae family and consists of 18 species,
including peppermint (Mentha piperita L.) and Japanese mint (Mentha
arvensis L.). In the food industry, the Mentha spp. EOs are primarily used
as flavoring agents in foods and beverages and are commonly exploited
because of their antioxidant, antimicrobial, and sensory properties
(Espina et al,, 2014a; Nguyen and Mittal, 2007; Singh et al, 2011); how-
ever, there is no study to date on the efficacy of the EOs from M. arvensis
(MAEO) and M. piperita (MPEO) to inhibit pathogenic bacteria in fruit
juices or their possible impacts on quality attributes of these products.
Fruit products, such as frozen pulp, and unpasteurized juices, containing
Mentha spp. leaves are available in market, and these products are often
well accepted because of their characteristic fresh-like taste. Thus, Mentha
spp. EOs could represent potential antimicrobial substances to be incorpo-
rated in fruit juices.

In this context, this study evaluated the efficacy of MAEO and MPEQ to
induce >5-log reduction of a mixed composite of the potentially patho-
genic bacteria E. coli, L. monocytogenes, and Salmonella enterica serovar
Enteritidis in synthetic broth and in cashew, guava, mango, and pineapple
juices. Moreover, the effects of the incorporation of these EOs on some
physicochemical and sensory quality parameters of the tested juices
were evaluated.

2. Materials and methods
2.1. MAEO and MPEQ

The MAEO (batch 134; density at 20 °C, 0.897; refractive index at
20 °C, 1.459; pH 5.76) and MPEO (batch 181; density at 20 °C, 0.901;

refractive index at 20 °C, 1.460; pH5.17) extracted through steam distil-
lation were purchased from Ferquima Ind. Com, Ltd. (S3o Paulo, Brazil).
Emulsions of MAEO and MPEQ were prepared in Brain Heart Infusion
Broth (BHIB) (pH 7.54; HiMedia, Mumbai, India) at concentrations
of 80 (pH 7.49), 40 (pH 7.50), 20 (pH 7.51), 10 (pH 7.52), 5.0
(pH 7.53), 2.5 (pH 7.53), 1.25 (pH 7.53), 0.625 (pH 7.54), and 0312
(pH 7.54) pL/mL using Tween 80 (1%, v/v; Sigma-Aldrich, USA) as an
emulsifier (Leite et al., 2016). At the highest assayed concentration
(1%, v/v), Tween 80 presented no inhibitory effect against the tested
bacterial strains.

2.2. Microorganisms and growth conditions

The L. monocytogenes (ATCC 7644) strain used in the present study
was obtained from the Collection of Reference Microorganisms, Nation-
al Institute of Quality Control in Health, Oswaldo Cruz Foundation (Rio
de Janeiro, Brazil), and the E. coli (UFPEDA 224) and Salmonella
Enteritidis (UFPEDA 414) strains were obtained from the Collection of
Microorganisms, Department of Antibiotics, Federal University of
Pernambuco (Recife, Brazil). The stock cultures were maintained in
cryovials with BHIB containing glycerol (15 g/100 mL) at —20 °C. Pure
suspensions of each strain were cultured in a sterile saline solution
(0.85%NaCl, w/v) from overnight cultures grown in Brain Heart Infusion
agar) (BHIA; HiMedia, Mumbai, India) at 37 °C for E. coli and Salmonella
Enteritidis, and at 30 °C for L. monocytogenes for 18-24 h (to
stationary growth phase), which were harvested through centrifugation
(4500g, 15 min, 4 °C), washed twice in a sterile saline solution (0.85%
Nacl, w/v) and re-suspended in BHIB to obtain standard cell suspen-
sions. The optical density (OD) reading at 625 nm (ODg,5) of these sus-
pensions was 0.1 and provided viable counts of approximately 8 log
colony forming units per milliliter (CFU/mL) when pour-plated on
BHIA (McMahon et al.,, 2008). The mixed composite of the three species
tested was obtained by mixing the bacterial suspensions at a ratio of
1:1:1 immediately after the preparation of each pure suspension (final
count of each strain approximately 7 log CFU/mL) (Oliveira et al.,
2015). This level of inoculum was used because the HACCP for the safe
and sanitary processing of juices requires a high number of viable cells
in the inoculum in order to measure the >5-log cycle reduction in
CFU/mL (USFDA, 2001).

2.3. The identification of EOs constituents

The constituents of MAEO and MPEO were identified using a
gas chromatograph coupled with a mass spectrometer (CGMS-
QP2010 Ultra Shimadzu, Kyoto, Japan). Analysis through GC-MS was
performed under the following conditions: a RTX-5MS capillary
column (30 m x 0.25 mm x 0.25 pm); program temperature: 60—
240°C (3 °C/min); injector temperature: 250 °C; detector temperature;
220 °C; carrier gas: helium adjusted to 0.99 mL/min speed; ionizing en-
ergy: 70 eV; and mass range (m/z): 40-500. The NIST/EPA/NIH Mass
Spectral Database (Version 1.7, National Institute of Standards Technol-
ogy, Norwalk, CT) was used to identify the EOs constituents. The quan-
tification of the constituents was obtained after normalizing the areas of
each detected constituent, expressed as a percentage of area (%).

2.4. Preparation of fruit juices

The pineapple (Ananas comosus L. Merrill), mango (Mangifera indica
L.), cashew (Anacardium occidentale L), and guava (Psidium guajava L.)
fruit were purchased in the commercial maturation stage from a local
wholesale distributor (Jodo Pessoa, Brazil) and were selected for unifor-
mity in size, form, appearance, and the absence of mechanical injuries
or visible signs of infection. For each juice preparation, the fruit were
surface disinfected through a 5-min immersion in a sodium hypochlo-
rite solution (150 ppm, pH 7.2 adjusted using 1 M NaOH), washed
with sterile distilled water, and dried for 30 min in a safety cabinet.
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Next, the fruit were aseptically peeled, chopped, and mixed with dis-
tilled water ( 1:1 ratio) using adomestic blender (for 3 min). The obtain-
ed juices were each centrifuged (12,500 rpm for 15 min, 4 °C) to
separate the pulp from the remaining liquid. The supernatants were fil-
tered using a triple-cheesecloth layer and sterilized by autoclaving
(121 °C, 1.1 atm, for 15 min). The juices were stored in 50-mL aliquots
at —20 °C, and, when required, an aliquot was thawed under refrigera-
tion (4 £ 0.5 °C) and used for subsequent assays (Leite et al., 2016;
Raybaudi-Massilia et al., 2006).

The juice samples assessed for physicochemical parameters were
not submitted to autoclaving because previous experiments revealed
that the monitored physicochemical parameters in juices were not
changed after autoclaving. The non-inoculated juice samples used in
the sensory analysis were prepared 24 h before assessing acceptability,
and microbiological analysis determined the compliance of current
Brazilian standards for these products (Brazil, 2001).

2.5. Determination of the minimum inhibitory concentration (MIC)

A microtiter plate assay was used to determine the MIC of MAEO
and MPEO according to a previously described procedure (CLSI,
2015), with minor modifications related to the cultivation media.
For this analysis, approximately 50 pL of each of the tested EO
emulsions (80-0.312 mL/mL) was dispensed into each well of a
96-well microplate containing 100 pL of BHIB. Subsequently,
50 uL aliquots of the bacterial suspension were added to each
well (final viable counts were approximately 6 log CFU/mL). The
microplate was loosely wrapped with cling wrap to prevent bacte-
rial dehydration and EO volatilization. Each plate included either a
control (without EO}, inoculated (positive control), or non-inocu-
lated (negative control) sample. The microplate was incubated at
37 °C for 24 h. The MIC was defined as the lowest concentration
of each EO required to prevent visible bacterial growth (Nostro et
al.,, 2001).

2.6. Effects of MAEO and MPEO on bacterial counts in BHIB and fruit juices

The effects of different MAEO (5, 2.5, 1.25, and 0.625 pL/mL) and
MPEO (10, 5, 2.5, and 1.25 pL/mL) concentrations on the counts of
the bacterial mixed composite inoculated in BHIB and juices under
refrigerated storage (4 £+ 0.5 °C) were assessed over 24 h using
a viable cell count method. Initially, 150 pL of the tested bacterial
mixed composite was inoculated into 5850 pL of separated BHIB or
fruit juice samples (final viable counts of approximately 6 log CFU/
mL), containing MAEO or MPEO at the desired final concentrations.
The different mixtures were gently hand-shaken for 30 s and subse-
quently incubated at 4 &+ 0.5 °C (proper storage temperature of
juices) for 24 h. At intervals of 0 (just after homogenization), 1, 2,
4, 8, 12, and 24 h post-incubation, an aliquot of 100 pL of
each mixture was serially diluted in sterile saline solution (0.85%
NaCl, w/v), and subsequently, 20 pL-aliquots of each dilution were
inoculated onto selective agar, as follows: eosin-methylene blue
agar (HiMedia, India) for E. coli, Listeria selective agar + Listeria Se-
lective Supplement II (HiMedia, India) for L. monocytogenes, and Sal-
monella-Shigella agar (HiMedia, India) for S. Enteritidis (Sousa et al,,
2012), using the microdrop technique (Herigstad et al., 2001). Con-
trol mixtures without the addition of MAEO or MPEO were similarly
assayed. The plates were incubated for 24-48 h at 37 °C for E. coli and
S. Enteritidis and 30 °C for L. monocytogenes. Plates inoculated with
aliquots collected from BHIB or juice samples with EOs were incubat-
ed for 24 h longer than the samples collected from juice without EOs.
The results are expressed as log CFU/mL. The detection limit of the
viable cell count procedure was 1 log CFU/mL for all experiments
and strains tested.

2.7. Physicochemical analyses of fruit juices

Samples of the different juices with or without the addition of MAEO
or MPEO were assessed for °Brix, pH and titratable acidity just after the
addition of MAEO and MPEQ. These parameters were selected because
they comprise the current Brazilian physicochemical standard to un-
sweetened fruit juices (Brazil, 2003 ). The soluble solids content (“Brix)
was determined using a digital refractometer (model HI 96801, Hanna
Instruments, Sdo Paulo, Brazil). The pH values were determined using
a digital potentiometer (model Q400AS, Quimis, Sdo Paulo, Brazil).
The titratable acidity was determined using phenolphthalein as an indi-
cator with 0.1 N NaOH, and the results were expressed as grams per
100 g (equivalents of citric acid; AOAC, 2012).

2.8. Sensory analyses of fruit juices

The sensory analyses were performed with approval from an Ethics
Research Committee (protocol 1.125.993/2015). Sensory evaluation
was performed using an acceptability test. For this, sixty untrained pan-
elists (18 to 60 years old) were preselected according to interest in and
frequency of fruit juice consumption. Panelists worked in individual
booths with controlled temperature and lighting. Each panelist received
three juice samples containing the different concentrations of MAEO or
MPEO tested. The EOs were incorporated into juice samples 24 h prior to
the sensory test, and the samples were then stored at 4 + 0.5 °C. Sam-
ples of juices without EO were tested as controls. The different juice
samples were served in 30-mL aliquots in white disposable cups
coded with a randomized three-digit number. Immediately after re-
moval from refrigerated storage (4 4 0.5 °C), the samples were served
simultaneously using a blind method of random sequence. The panelists
were asked to use low-salt crackers and water to cleanse their palates
between the assessed samples. The appearance, odor, viscosity, taste, af-
tertaste, and overall acceptance attributes were evaluated on a 9-point
hedonic scale ranging from 1 (dislike very much) to 9 (like very
much) (Stone and Sidel, 1993; Leite et al,, 2016).

2.9, Statistical analysis

All assays were performed in three independent experiments in trip-
licate. The three measurements for each data point in each independent
repetition were first used to calculate average values; then, these values
from the three independent repetitions were used for calculating the
average values and standard deviations presented in results and to do
statistical analysis. Different fruit juices batches and standardized inoc-
ulum from a single bacterial suspension prepared from two indepen-
dent cultures of each of the tested bacterial strains were used in each
independent experiment. The viable counts in each monitored time
point were obtained from a single mixture comprising each of the tested
fruit juice, the MAEO or MPEO concentration and the target bacterial in-
oculum. For MIC determination assays, the results are expressed as
modal values because the MICs were the same in all repetitions. For
thebacterial count assays and physicochemical and sensory parameters,
statistical analyses were performed to determine significant differences
(p £0.05) based on Student's t-test or ANOVA, followed by a post hoc
Tukey test. Sigma Stat 3.5 software (Jandel Scientific Software, San
Jose, California) was used for the statistical analysis of the data.

3. Results and discussion
3.1. Identification of EOs constituents

The analysis of MAEQ and MPEQ identified the presence of 26 and 36
different constituents, respectively (Table 1). The constituents detected at
highest amounts in MAEO were menthol (56.85%), isomenthone
(21.13%), menthyl acetate (4.62%), limonene (4.07%), and isoisopulegol
(3.71%). In MPEO, the major constituent was also menthol (59.73%),
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followed by isomenthone (18.45%), methyl acetate (6.02%), neomenthol
(2.43%), and isopulegol (2.15%). A variety of constituents were detected
inamounts < 1% in MAEO (0.06-0.49%) and MPEO (0.02-0.56%). Previous
investigations on the composition of Mentha spp. EOs similarly found
menthol and menthone as the major constituents (Guerra et al, 2014;
Tyagi et al,, 2013; Watanabe et al., 2006). In Mentha spp. EOs, the presence
of oxygenated monoterpenes (e.g., menthol, and isomenthone), mono-
terpene hydrocarbons (e.g., ct-pinene, B-pinene, and limonene), and ses-
quiterpene hydrocarbons (e.g., E-caryophyllene) has been commonly
verified (Tyagi and Malik, 2011; Verma et al, 2010).

3.2. Inhibitory effects on pathogenic bacteria in BHIB and fruit juices

The MIC displayed by MAEO and MPEO against the mixed com-
posite of E. coli, L. monocytogenes, and Salmonella Enteritidis were 5
and 10 puL/mL, respectively. Regarding the detected MICs, the MAEO
was more active than MPEO to inhibit the tested strains in the
mixed inoculum. The MICs of MAEO and MPEO against the mixed
composite of pathogens were higher than those verified in previous
studies with the same EOs against E. coli (MIC 1.25-2.5 mg/mL)}, 5.
typhimurium (MIC 1.25-2.5 mg/mL), and L. monocytogenes (MIC
0.156-0.625 mg/mL), but all as single inoculum (Iscan et al., 2002).
The observed inhibitory effects of MAEO and MPEO may be correlat-
ed primarily with the high amounts of menthol and isomenthone in
their compositions, as these constituents have already proven effec-
tive in inhibiting E. coli (with MIC of 1.25 for MAEOQ, and 5.0 mg/mL
for MPEO), S. typhimurium (with MIC of 0.625 for MAEO, and
5.0 mg/mL for MPEQ), and L. monocytogenes (with MIC of 0.625 for
MAEOQ, and 1.25 mg/mL for MPEQ) (Iscan et al., 2002). In addition

to the major constituents, other compounds detected in MAEO and
MPEO, such as neomenthol, pulegone, isopulegol, and piperitone,
have demonstrated inhibitory effects against a variety of potentially
pathogenic bacteria (Lawrence, 2007).

Antimicrobial effects of Mentha spp. EOs and menthol are associated
with their ability to cause perturbation of the lipid fraction of the micro-
bial plasma membrane, inducing alterations in permeability and leak-
age of intracellular materials (Schelz et al., 2006). The antibacterial
efficacy of menthol in fruit juices should be related with both its water
solubility and lipophilic characteristic that enable the compound to mi-
grate across the aqueous medium and to interact with bacterial
phospholipidic membranes, inducing damages in this cell structure
(Trombetta et al., 2005).

The majority of the available literature has considered the inactiva-
tion effects of EOs on pathogens to determine potential doses to use in
real foods. Considering that EOs may negatively affect the sensory char-
acteristics of juices, the assays of bacterial inactivation were performed
using BHIB (Fig. 1A-F) and mango (Fig. 2A-F), cashew, guava, and pine-
apple juices containing sub-MICs of MAEO or MPEQ over 24 h of storage
at refrigeration temperature, This approach was used to evaluate if the
tested concentrations of MAEO and MPEO are able to induce the re-
quired =5-log cycle reduction (z5-log reduction) in counts of target
bacteria and to measure the time needed to reach this reduction level.

The MAEO and MPEO were effective in reducing (p < 0.05) the
counts of E. coli, L. monocytogenes and Salmonella Enteritidis forming
the mixed composite when inoculated in BHIB and in all tested fruit
juices during the 24-h refrigerated storage period. The incorporation
of 5,2.5, 1.25 or 0625 pL/mL of MAEO in BHIB caused 2 5-log reductions
in counts of E. coli and Salmonella Enteritidis after 8 and 24 h of

Table 1

Constituents identified in the essential oils from M. arvensis L (MAEO) and M. piperita L. (MPEO).
MAEO MPEO
Peak Retention index Constituent % Peak Retention index Constituent %
1 5.735 o-Thujene 0.06 1 4,139 Hex-(3Z)-enol 0.08
2 5.948 a-Pynene 1.56 2 5.963 o-Pinene 0.15
3 6.150 Hept-(2E)-en-1-ol 0.21 3 6.167 Hept-(2E)-en-1-o0l 0.05
4 6.402 3-Methyl-cyclohexanone 0.26 4 7.083 Sabinene 0.14
5 7.064 Sabinene 037 5 7.209 (-Pinene 0.36
6 7.192 p-Pinene 141 6 7.560 Myrcene 012
7 7.675 Ethyl-hexanol 0.49 7 7.693 Ethyl-hexanol 0.28
8 8.735 p-Cymene 012 8 8.750 p-Cymene 011
9 8.890 Limonene 4.07 9 8.907 Limonene 197
10 9.013 Eucaly ptol 0.10 10 9.015 Eucalyptol 0.90
1 10409 n-Octanol 028 1 10.014 ~-Terpinene 0.02
12 11.169 Terpinolene 0.10 12 10354 trans-Sabinene hydrate 0.13
13 11.585 Linalool 017 13 10434 n-Octanol 020
14 13.998 Isomenthone 2113 14 11.613 Linalool 0.17
15 14911 Menthol 56.85 15 13611 Isopulegol 215
16 15.002 Isoisopulegol 37 16 14.048 Isomenthone 18.45
17 15497 Neomenthol 127 17 15.016 Menthol 59.73
18 15.572 o-Terpineol 045 18 15.545 Neomenthol 243
19 17.719 Pulegone 140 19 15.618 w-Terpineol 0.56
20 18.386 Piperitone 0.10 20 16.425 Octyl-acetate 0.03
21 19.272 Neomenthyl acetate 025 21 16.661 4-Methyl-dec-3-en-5-ol 0.11
22 20125 Menthyl acetate 4.62 22 17.514 cis-3-Hexenyl pentanoate 0.12
23 23.569 Ylangene 025 23 17.750 Pulegone 1.60
24 23.766 o-Cubebene 0.13 24 17.945 Carvone 0.07
25 24.165 [-Bourbonene 039 25 18.409 Piperitone 133
26 24446 (>-Elemene 0.07 26 19.129 Decyl alcohol 0.10
27 ND ND ND 27 19.294 Neomenthyl acetate 0.23
28 ND ND ND 28 20.794 Menthyl acetate 6.02
29 ND ND ND 29 20997 Isopulegyl acetate 0.05
30 ND ND ND 30 22,056 Bicyclogermacrene 0.06
31 ND ND ND 31 24185 [p-Bourbonene 0.39
32 ND ND ND 32 24473 P-Elemene 011
33 ND ND ND 33 25.697 E-Caryophyllene 124
34 ND ND ND 34 26.106 p-Cubebene 0.09
35 ND ND ND 35 27.142 £-Muurolene 0.18
36 ND ND ND 36 28317 (3-Cubebene 0.14
Total 99.82 Total 89.87

ND: not detected.
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Fig. 1. Reduction cycles (log CFU/mL) of the initial counts of E. coli UFPEDA 224 (A, D), L monocytogenes ATCC 7644 (B, E), and Salmonella Enteritidis UFPEDA 414 (C, F) in brain-heart
infusion broth at 4 °C as a function of M. arvensis L. essential oil concentration (A, B, C) at (M) MIC: 5 pL/mL, (O) MIC/2: 2.5 ul/mL, (@) MIC/4: 1.25 pl/mL, (O) MIC/8: 0.625 pl/mL, (*)
control: 0 pL/mL; and M. piperita L. essential oil concentration (D, E, F) at (®) MIC: 10 uL/mL, (O) MIC/2: 5 pl/mL, (@) MIC/4: 2.5 uL/mL, (©) MIC/8: 1.25 pL/mL, (*) control: 0 pL/mL.

Detection limit of the test: 1.0 log CFU/mL.

refrigerated storage, respectively; however, only a < 3.3-log reduction in
counts of L. monocytogenes was observed when exposed to 2.5, 1.25 or
0.625 pL/mL of MAEQ in BHIB over 24 h of refrigerated storage (Fig.
1A-C). The incorporation of 10 ul/mL of MPEQ in BHIB resulted in
a > 5-log reduction in counts of E. coli and Salmonella Enteritidis after
2 h of storage and in L. monocytogenes after 24 h of storage (Fig. 1D-
F). Similar reductions in counts of E. coli and Salmonella Enteritidis
were observed in BHIB containing 5 and 2.5 pl./mL of MPEO; however,
smaller reductions in counts of E. coli and Salmonella Enteritidis were

observed in BHIB containing 1.25, 2.5, and 1.25 pL/mL of MPEO (Fig.
1D, F). The incorporation of 5, 2.5, and 1.25 puL/mL of MPEO in BHIB re-
sulted in £3.8-log reductions in counts of L. monocytogenes after 24 h
of storage (Fig. 1E).

In mango juice containing 10 pL/mL (MIC), 5 pL/mL (MIC/2), and
2.5 pl/mL (MIC/4) of MPEQ, 25-log reductions in counts of E. coli and
Salmonella Enteritidis were observed after 1 h of storage. However, the
incorporation of 1.25 pl/mL (MIC/8) of MPEQ in mango juice caused
the same reduction in counts of E. coliand a < 2.8-log reduction in counts
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Fig. 2. Reduction cycles (logio CFU/mL) of the initial viable cell counts of E coli UFPEDA 224 (A, D), L monocytogenes ATCC 7644 (B, E), and Salmonella Enteritidis UFPEDA 414 (C, F) in
mango juice at4 °C as a function of M. arvensis L. essential oil concentration (A, B, C) at (W) MIC: 5 pL/mL, (O) MIC/2: 2.5 uL/mL, (@) MIC/4: 1.25 pl/mL, (O) MIC/8: 0.625 pL/mL, (*)
control: 0 pL/mL; and M. piperita L. essential oil concentration (D, E, F) at (®) MIC: 10 pL/mL, (O) MIC/2: 5 pL/mL, (@) MIC/4: 2.5 pL/mL, (©) MIC/8: 1.25 pL/mL, (*) control: 0 pL/mL.

Detection limit of the test: 1.0 log CFU/mL.

of Salmonella Enteritidis after 24 h of storage (Fig. 2D, G). In mango juice
containing 0.625 pL/mL (MIC/8) of MAEO, 25-log cycle reductions in
counts of E. coli and Salmonella Enteritidis were observed after 8 and
12 h of exposure, respectively (Fig. 2A, C). The incorporation of MAEO
or MPEO at all tested concentrations in cashew, guava, and pineapple
juices resulted in = 5-log reductions of E. coli, L. monocytogenes, and
Salmonella Enteritidis within 1 h of storage (data not shown). In
cashew juice not containing MAEO or MPEQ, a = 5-log reduction of
L. monocytogenes was verified after 4 h, and a 2.26-log reduction of

E. coli was noted after 8 h of storage. In guava juice not containing
EO, a 3.01-log reduction of L. monocytogenes was verified after 8 h
of storage.

Overall, when the highest reduction in counts of target bacteria in
BHIB or in tested fruit juice containing either MAEO or MPEO was
reached within a maximum storage period of 12 h, no recovery in bac-
terial counts was verified at the later evaluated storage time intervals
(viable counts were not monitored for storage time intervals longer
than 24 h). Notably, the MAEO and MPEO at sub-MICs were able to
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induce =5-log reductions in counts of the tested pathogenic bacteria in
cashew, guava, mango, and pineapple juice.

There is a lack of available studies on the antimicrobial efficacy of
Mentha spp. EOs as applied alone against pathogenic bacteria in juices;
however, their efficacy in reducing the counts of the juice-spoiling
yeasts Zygosaccharomyces rouxii and Z. bailii (6-7 log reductions) in
apple juice (Karaman et al, 2016), Saccharomyces cerevisiae (3 log re-
duction) in mixed fruit juice (Tyagi et al., 2013), and naturally occurring
microorganisms in tomato juice (Nguyen and Mittal, 2007) has been al-
ready reported. An earlier study assessed the efficacy of using 0.2 pL/mL
of pennyroyal mint (M. pulegium L.) EO in combination with a mild heat
treatment (54 °C for 10 min) against E. coli 0157:H7 VTEC (Phage type
34) in apple and orange juices. The incorporation of the EO into apple
juice that was then submitted to heat treatment caused a > 5 log reduc-
tion in counts of E. coli 0157:H7, occurring faster than the heat treat-
ment acting alone (Ait-Ouazzou et al.,, 2012). Nevertheless, other EOs
and constituents such as lemongrass EO, geraniol, and trans-
cinnamaldehyde have proven effective against E. coli, Listeria spp., and
Salmonella spp. in apple, pear, melon, and pineapple juices (Baskaran
etal, 2010; Leite et al, 2016; Raybaudi-Massilia et al., 2006).

In view of the data obtained in assays of bacterial count reductions,
the general ranking of sensitivity to MAEO and MPEO in synthetic
broth and mango juice was E. coli = Salmonella Enteritidis > L
monocytogenes. This result was somewhat surprising because the litera-
ture commonly cites gram-negative bacteria (e.g., E. coli, and Salmonella
Enteritidis) as generally less sensitive to EOs than gram-positive bacte-
ria (e.g., L. monocytogenes) because the outer membrane surrounding
the cell wall (absent in gram-positive bacteria) may restrict the diffu-
sion of hydrophobic constituents toward the inside of the cell (Burt,
2004, Mazzarrino et al,, 2015, Mosqueda-Melgar et al., 2008). In agree-
ment with the results of this study, MPEO (5-20 puL/mL) induced greater
decreases in viable counts of Salmonella Enteritidis than of
L. monocytogenes in Greek appetizers (pH 4.3, 4.9, and 6.8) at 4 and
10 °C during a 7-day storage period (Tassou et al., 1995). Otherwise,
MPEO (~1 pL/mL) decreased the counts of Staphylococcus aureus 2-
fold more than those of Salmonella Enteritidis after 48 h of incubation
at 30 °C in synthetic broth (Tassou et al.,, 2000). These results suggest
that the antibacterial effects of Mentha spp. EOs may depend not only
on the target bacteria but also on the EO concentration, the characteris-
tics of the media and the incubation (storage) temperature.

3.3. Physicochemical and sensory characteristics of fruit juices

Considering that the incorporation of MIC and MIC/2 of MAEO or
MPEO could impact negatively on the sensory characteristics of the test-
ed juices and that MIC/4 and MIC/8 were able to sharply reduce the
counts of target pathogens in fruit juices (with the only exception
being L. monocytogenes in mango juice), these concentrations were
used in assays for the evaluation of physicochemical and sensory

Table 2

characteristics of fruit juices. The physicochemical characteristics,
namely “Brix, pH, and titratable acidity (dtric acid equivalent) in juices
with or without MAEO (1.25 and 0.625 pL/mL) or MPEO (2.5 and
1.25 pL/mL) were evaluated immediately after the EO addition. No dif-
ference (p > 0.05) in physicochemical parameters of juices containing
MAEO or MPEO at the two tested concentrations was observed (data
not shown). Therefore, only the results of the physicochemical analysis
of fruit juices with and without 0.625 pL/mL of MAEO or 1.25 pL/mL of
MPEQ are presented in Table 2. The “Brix, pH and titratable acidity of
tested fruit juices was not affected (p = 0.05) by incorporation of
MAEQ or MPEQ. Other studies evaluating the addition of limonene
(1.0, 5.0, and 10 g/L), lemongrass (1.25 and 0.625 pL/mL), and MPEO
(500 and 1000 ppm) to pear, orange, pineapple, or apple juices, respec-
tively, similarly observed a pattern of no alteration in “Brix, pH and acid-
ity of EOs-supplemented juices (Donsi et al., 2011; Kapoor et al., 2008,
2014; Karaman et al., 2016; Leite et al., 2016; Montero-Prado et al,,
2011; Patrignani et al., 2013). Notably, juice samples with or without
MAEQ and MPEO met the current Brazilian standard for unsweetened
cashew, guava, mango, and pineapple juices, which require titratable
acidity (grams of citric acid per 100 g) values 20.15, 20.30, 2030, and
>0.16 and “Brix 25.0,26.0, 210, and >6.0, respectively (Brazil, 2003).

Previous studies reported higher antibacterial effects of EOs at an
acidic pH, where EOs may behave more hydrophobically and enter
into cells more easily (Gutierrez et al, 2009; Negi, 2012; Smith-Palmer
et al, 2001; Manso et al,, 2015). In this study, the incorporation of
MAEO and MPEO in juices with the lowest pH values, namely, cashew
(4.3), guava (4.2), and pineapple (3.8), resulted in sharp reductions in
bacterial counts in an exposure time as short as 1 h. In contrast, the in-
corporation of MAEO or MPEO in mango juice, which presented a higher
pH (5.7), needed a more prolonged time to cause sharp reduction in
bacterial counts. The lowest bacterial reductions induced by MAEO
and MPEO in mango juice may be also associated with its already re-
ported higher amounts of complex carbohydrates compared to the
other juices tested in this study (Ramos et al., 2004).

The fruit juices containing 1.25 and 0.625 puL/mL of MAEO and 2.5
and 125 pL/mL of MPEO were subjected to acceptance tests after 24 h
of refrigerated storage. No difference (p = 0.05) in sensory attributes
of juices containing each MAEO or MPEO at the two tested concentra-
tions was observed (data not shown). Thus, only the results of the sen-
sory analysis of fruit juices with and without 0.625 pL/mL of MAEO or
1.25 pL/mL of MPEO are presented in Table 3, respectively. The attri-
butes appearance, odor, and viscosity were not affected (p > 0.05)
when 0.625 pL/mL of MAEO or 1.25 pL/mL of MPEO were incorporated
in juices. All juices with or without MAEO or MPEO received scores
that ranged between “like slightly” and “really enjoyed” for appearance
and viscosity. In contrast, taste, aftertaste, and overall acceptance of
juices containing MAEO or MPEO received lower scores (p < 0.05)
than juices without EO. The negative impacts on taste, aftertaste, and
overall acceptance of juices were probably related with the large

Physicochemical parameters (average & standard deviation) of different fruit juices with or without M. arvensis L essential oil (MAEO) or M. piperita L essential oil (MPED).

Juices Treatments Physicochemical quality parameters
Total soluble solids (“Brix) pH Titratable acidity (g/100 g citric acid)
Cashew MAEO (0.625 puL/mL) 587 (+£051)* 427 (+041)* 0.22 (+0.06)°
MPEO (1.25 pL/mL) 590 (+033)* 427 (+£032)* 023 (4+0.08)*
Control (0 pL/mL) 6.01 (+0.48)* 427 (+036)* 023 (+0.04)*
Guava MAEO (0.625 pL/mL) 642 (+£035)* 415(+031)* 0.32 (+0.08)°
MPEO (1.25 pL/mL) 650 (+0.13)* 418 (+£040)* 031(£007)*
Control (0 pL/mL) 630 (4+029)* 417 (+£034)* 030 (+0.06)*
Mango MAEO (0.625 pL/mL) 10.71 (£028)* 5.44 (+£036)° 0.34 (£0.05)°
MPEQ (1.25 plL/mL) 10.73 (£031)* 5.61(£027)° 0.34 (£0.07)°
Control (0 pL/mL) 10.71 (+£0.15)* 5.68 (+0.25)" 034 (+0.06)*
Pineapple MAEO (0.625 puL/mL) 6.64 (+£037)° 3.74 (£045)° 0.26 (£0.05)°
MPEO (1.25 pL/mL) 6.57 (+0.46)° 3.75(+036)° 026 (4+0.04)°
Control (0 pL/mL) 631 (+0.28)" 377 (+£042)* 0.26 (+0.07)*

Same superscript letters in a column for the same juice indicate no significant difference (p > 0.05) among treatments, based on Tukey's test.
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Table 3

Scores (average + standard deviation) for sensory attributes of juices with or without M. arvensis L. essential oil (MAEQ) or M. piperita L. essential oil (MPEO) after 24 h-storage at 4 +0.5°C.

Juices Treatments Sensory attributes
Appearance Odor Viscosity Taste Aftertaste Overall
Cashew MAEO (0.625 pL/mL) 7.86 (+1.59)* 716 (£1.73) 7.00 (+1.73) 452 (+1.68)° 446 (£2.05)° 482 (+1.96)*
MPEO (1.25 pl/mL) 7.56 (+1.18)* 6.10 (+1.89)* 594 (+1.75) 262 (+1.72)° 278 (£1.73)° 3.38 (+1.55)°
Control (0 pL/mL) 796 (+1.28)° 764 (+1.38)° 6.96 (+1.63)° 6.38 (+1.92)° 645 (+1.78)° 6.83 (+159)°
Guava MAEO (0.625 pL/mL) 8.26 (+092)* 8.00 (+1.05)° 7.60 (+0.76)* 4.06 (+2.46) 4.00 (£2.49)° 458 (+£2.19)?
MPEOQ (1.25 pl/mL) 768 (£127)° 648 (+1.76)° 7.00 (+1.37)* 248 (+164) 296 (+1.95)° 3.68 (+2.01)°
Control (0 pL/mL) 8.02 (+1.10)? 7.86 (£1.02)° 722 (+1.16)* 649 (+1.34)° 6.60 (+1.32)F 702 (+1.19)"
Mango MAEO (0.625 pL/mL) 772 (£141)0° 720(+1.85)° 7.18 (£ 1.52)° 432 (+268)° 442 (£2.68) 5.06 (+2.54)°
MPEO (1.25 pl/mL) 8.00 (+1.05)* 6.44 (£2.14)° 6.86 (+1.75) 338 (+2.22)2 346 (+2.16)* 3.98 (+236)°
Control (0 pL/mL) 7.83 (+1.38)* 7.60 (+1.62)° 7.16 (£ 1.66)° 6.38 (+2.02)° 6.53 (£ 1.99)° 6.84 (+1.76)"
Pineapple MAEO (0.625 pL/mL) 6.78 (+1.43)° 6.96 (+1.62)° 6.62 (+1.38)° 394 (+2.08)° 4.02 (£2.07)° 446 (+2.22)°
MPEO (1.25 pl/mL) 7.20(+1.28)° 6.74 (£1.74) 642 (+1.77) 3.84 (+1.99) 382 (+215) 472 (+2.18)2
Control (0 pL/mL) 6.48 (+1.56)* 728 (+£1.57)* 632 (+1.65)° 5.83 (+1.94)" 5.88 (£ 1.61)" 632 (+£158)"

Different superscript letters in the same column for each juice indicate significant difference (p < 0.05) among treatments, based on Tukey's test.

amounts of menthol in MAEO (56.85%) and MPEO (59.73%). Menthol is
the main responsible by organoleptic characteristics (“like-mint flavor”)
of Mentha spp. EOs and can induce burning, stinging, and cold sensation
that may be not well-accepted by some consumers (Davis et al, 2005;
Green, 2005; Pramila et al, 2012). For these parameters, juices without
EO received scores that ranged between “liked moderately” and “really
enjoyed”, juices containing MPEO received scores that ranged between
“disliked moderately” to “neither liked nor disliked”, and juices contain-
ing MAEO scored between “disliked slightly” and “neither liked nor
disliked”. The scores attributed to overall acceptance did not differ
(p = 0.05) among juices containing MAEO or MPEO.

There are no studies on the impact of MPEQ and MAEQ addition on
the sensory characteristics of fruit juices; however, the impacts of
other EOs and constituents have been evaluated. The incorporation of
0.25 pl/mL of lemon EO positively affected the taste of apple juice, al-
though the odor was perceived as unpleasant in some samples
(Tserennadmid et al., 2011). In tomato juice, 0.02 uL/mL of pennyroyal
mint or lemon EO did not affect the taste; however, higher concentra-
tions of these EOs (0.1 or 02 pL/mL) or any tested concentration (0.02,
0.1, or 02 pL/mL) of thyme EO, rosemary EO, carvacrol, and p-cymene
did affect the taste (Espina et al., 2014a). The incorporation of 1.25 or
2.5 uL/mL of lemongrass EQ in pineapple juice did not affect the appear-
ance, odor, and viscosity of the juice, although noticeable unsatisfactory
changes were found in taste, aftertaste, and overall acceptability (Leite
et al, 2016). These findings corroborate the results of sensory analysis
obtained in this study and reinforce the point that possible negative im-
pactson taste and odor caused by the addition of EOs may limit their use
to increase the safety and shelf life of fruit juices. The use of MAEQ or
MPEO as antimicrobials in cashew, guava, mango, and pineapple juices
at the doses tested in this study should be carefully considered because
of potential adverse effects on the sensory properties of these products;
therefore, combinations of MAEO or MPEQ with other preservation
methods may be required to decrease the effective dose and hence neg-
ative impacts on odor and taste.

4. Conclusion

The MAEO and MPEO directly incorporated to cashew, guava,
mango, and pineapple juices can effectively reach the required 25 log-
reduction of E. coli, L. monocytogenes, and Salmonella Enteritidis during
refrigerated storage, although the dose and exposure time needed to
produce this reduction level has varied. In general, the MAEO and
MPEOQ demonstrated the strongest inhibitory effects against E. coli and
Salmonella Enteritidis, specifically in cashew, guava, and pineapple
juices, which presented the lowest pH values. Moreover, EOs did not af-
fect important physicochemical quality parameters, namely the *Brix,
pH, and acidity, of all tested fruit juices. In contrast, MAEO and MPEO
negatively affected the taste, aftertaste, and overall acceptance of fruit

juices. Therefore, new studies combining the use of MAEO or MPEO at
lower doses with other traditional or emerging technologies for preser-
vation of cashew, guava, mango, and pineapple juices are necessary to
exploit the antibacterial effects of these EOs and reduce the negative ef-
fects on particular sensory properties of these products.
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Abstract

This study evaluated the effects of Mentha arvensis L. (MAEO; 0.625 uL/mL) and M.
piperita L. (MPEO; 1.25 pL/mL) essential oil on viable cell counts and physiological
functions in Escherichia coli, Listeria monocytogenes and Salmonella enterica Serovar
Enteritidis in pineapple and mango juice after a 15 min-exposure under refrigeration. The
physiological functions of the bacterial cells were assessed by flow cytometry using the
fluorochromes thiazole orange, propidium iodide, bis-1,3-dibutylbarbutiric acid, ethidium
bromide, and 5-cyano-2,3-ditolyl tetrazolium chloride to investigate membrane integrity,
membrane potential, efflux activity, and respiratory activity. MAEO and MPEO sharply
reduced (> 5 logio CFU/mL cycles) the counts of E. coli, L. monocytogenes and Salmonella
Enteritidis in pineapple juice, and caused smaller reductions (0.61 — 1.58 logio CFU/mL
cycles) in mango juice. Bacterial cells exposed to MAEO and MPEO in pineapple and mango
juice showed increased membrane permeability, membrane depolarization and changes in
efflux pump and respiratory activity. More physiological damage occurred in bacterial cell
populations exposed to MAEO or MPEO in pineapple juice than in mango juice. These
results indicate that MAEO and MPEO inactivate E. coli, L. monocytogenes and Salmonella
Enteritidis cells in pineapple and mango juice through a multi-target action mode that disrupts
cytoplasmic membranes, increases permeability and potential depolarization, as well as
inhibits efflux pump and respiratory activity.

Keywords: Mentha spp., pathogenic bacteria, antibacterial action mode, juice, flow

cytometry.

1. Introduction
Several foodborne outbreaks have been associated with fruit juice (EFSA, 2013,

2015). The microorganisms that have been most frequently implicated in these outbreaks are
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Escherichia coli O157:H7, Listeria monocytogenes and Salmonella spp. (USFDA, 2001). The
use of essential oils (EOs) is considered an alternative emerging technology for preserving
fruit juices (Aneja et al., 2014; Rupasinghe and Yu, 2012; Souza et al., 2016). EOs are
“generally recognized as safe” (GRAS) food ingredients, possess antimicrobial properties and
are approved by the USFDA for use in foods and drinks (Souza et al., 2016; USFDA, 2015).

EOs from Mentha species possess broad-spectrum antimicrobial activity against
pathogenic and food-spoiling microorganisms and could be potential antimicrobial agents in
fruit juices (Iscan et al., 2002; Sousa Guedes et al., 2016; Tyagi and Malik, 2011; Tyagi et al.,
2013). The antimicrobial mechanisms of EOs have been associated with their ability to
change the cell membrane permeability and structural characteristics of target organisms,
often in a short timeframe (Sousa et al., 2015). However, studies on the antimicrobial
mechanisms of EOs on microbial cells in food matrices are scarce (Clemente et al., 2016;
Oussalah et al., 2006).

Flow cytometry (FC) has received increasing attention as a method of measuring the
viability and physiological functions of bacteria. FC is a relatively new technique that enables
fast and reliable detection of multiple parameters in both cultivable and non-cultivable cells
(Pan et al., 2014). Conventional methods for cell population analysis are limited by the need
to determine a single value for each cell parameter that is then considered representative of
the whole cell population. In contrast, FC provides segregated data for different cell
subpopulations (Paparella et al., 2012). Some studies have used FC to monitor the effects of
EOs on food-related microorganisms (Bouhdid et al., 2009; Paparella et al., 2008; Zhang et
al., 2016), but none have assessed the effects of EOs on bacteria in fruit juice.

In a previous study (Sousa Guedes et al., 2016), MAEO and MPEO directly
incorporated into cashew, guava, mango, and pineapple juice were effective to cause the

required >5 log reduction in counts of E. coli, L. monocytogenes, and Salmonella enterica
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Serovar Enteritidis during refrigeration, although the doses and exposure times needed to
produce this reduction level vary. In general, the MAEO and MPEO had a stronger inhibitory
effect on E. coli and Salmonella Enteritidis than on L. monocytogenes and a stronger effect in
pineapple juice than in mango juice. This study evaluated the effects of MAEO and MPEO on
membrane integrity, membrane potential, efflux activity and respiratory activity in E. coli, L.
monocytogenes and Salmonella Enteritidis in pineapple and mango juice using flow

cytometry analysis.

2. Materials and methods
2.1. MAEO and MPEO

MAEOQO (batch 134; density at 20 °C, 0.897; refractive index at 20 °C, 1.459; pH 5.8)
and MPEQ (batch 181; density at 20 °C, 0.901; refractive index at 20 °C, 1.460; pH 5.2),
extracted through steam distillation, were obtained from Ferquima Ind. Com. Ltd. (S&o Paulo,
Brazil). The MAEO and MPEO used in this study present menthol as their majority
constituent, corresponding to 56.85 and 59.73% of the EO’s total mass, respectively (Sousa

Guedes et al., 2016).

2.2. Bacterial strains and inoculum preparation

The L. monocytogenes (ATCC 7644) strain was obtained from the Collection of
Reference Microorganisms, National Institute of Quality Control in Health, Oswaldo Cruz
Foundation (Rio de Janeiro, Brazil), and the E. coli [UFPEDA 224, originally ATCC 25922, a
surrogate for E. coli O157:H7 (Kim and Harrison, 2009)] and Salmonella Enteritidis
(UFPEDA 414, originally MM 6247) strains were obtained from the Collection of
Microorganisms, Department of Antibiotics, Federal University of Pernambuco (Recife,

Brazil). Stocks were maintained in cryovials containing Brain Heart Infusion Broth (BHIB,;
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HiMedia, Mumbai, India) and glycerol (15 g/100 mL) at -20 °C. For inoculum preparation, a
3-mL aliquot from an overnight culture grown in BHIB at 37 °C for E. coli and Salmonella
Enteritidis, and at 30 °C for L. monocytogenes, for 18-24 h (to reach stationary growth phase)
were harvested (4,500 x g, 15 min, 4 °C), washed twice and re-suspended in PBS (50 mM
KoHPO4/KH2PO4; pH 7.4; Sigma-Aldrich, St. Louis, USA) to obtain standard cell
suspensions. The optical density (OD) reading at 625 nm (ODs2s) of these suspensions was
0.1 and provided viable counts of approximately 8 logio colony forming units per milliliter
(CFU/mL) when pour-plated on Brain Heart Infusion agar (BHIA; HiMedia, Mumbai, India)

(McMahon et al., 2008).

2.3. Preparation of fruit juices

Pineapple (Ananas comosus L. Merrill) and mango (Mangifera indica L.) fruit were
purchased in the commercial maturation stage from a local wholesale distributor (Jodo Pessoa,
Brazil) and were selected for uniformity in size, form, appearance, and the absence of
mechanical injuries or visible signs of infection. For each juice preparation, the fruit surface
was disinfected by a 5-min immersion in a sodium hypochlorite solution (150 ppm, pH 7.2
adjusted using 1 M NaOH), washed with sterile distilled water, and dried for 30 min in a
safety cabinet. Next, the fruit were aseptically peeled, chopped, and mixed with distilled water
(1:1 ratio) using a domestic blender (for 3 min). The juices were centrifuged (12,500 x g, for
15 min, 4 °C) to separate the pulp from the remaining liquid. The supernatants were filtered
using a triple-cheesecloth layer and sterilized by autoclaving (121 °C, 1.1 atm, for 15 min).
The juices were stored in 50-mL aliquots at -20 °C, and when required, an aliquot was thawed

under refrigeration (4 £ 0.5 °C) and used for subsequent assays (Sousa Guedes et al., 2016).

2.4. Exposure of bacteria to MAEO and MPEO in the juices
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The effects of MAEO and MPEO on the test strains were evaluated in pineapple and
mango juice under refrigerated storage. MAEO and MPEO were incorporated directly into the
fruit juices to reach the final concentrations of 0.625 and 1.25 pl/mL, respectively, as
previously described (Sousa Guedes et al., 2016). Initially, 150 pL of the tested bacterial
suspension was inoculated into 5850 pL of separated juice samples (final viable counts of
approximately 6 logio CFU/mL) containing MAEO or MPEO. The different mixtures were
gently hand-shaken for 30 s and subsequently incubated at 4 £ 0.5 °C for 15 min. The
concentrations of 0.625 pL/mL MAEQO and 1.25 pL/mL MPEO were selected based on our
previous studies, which demonstrated that these concentrations reduced the counts of E. coli,
L. monocytogenes and Salmonella Enteritidis in pineapple and mango juice, while also having

less impact on the sensory characteristics of the juice (Sousa Guedes et al., 2016).

2.5. Bacterial viable cell counts in the juices

After the 15 min-exposure to MAEO or MPEO, a 100 pL-aliquot of each fruit juice
sample was serially diluted in sterile PBS buffer (pH 7.4), and subsequently a 20 pL-aliquot
of each dilution was inoculated onto BHIA using the microdrop technique (Herigstad et al.,
2001). Juice samples without MAEO or MPEO were similarly assayed as controls. The plates
were incubated for 24 — 48 h at 37 °C for E. coli and Salmonella Enteritidis, and at 30 °C for
L. monocytogenes. Plates inoculated with aliquots from the juice samples with MAEO or
MPEO were incubated for 24 h longer than the samples from the control juices. Data were
generated from experimental data by plotting logio NO-N (where NO is the initial number of
CFU/mL and N is the number of CFU/mL after 15 min). The results are expressed as a
reduction of logio CFU/mL cycles. The detection limit of the viable cell count procedure was

1 logio CFU/mL.
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2.6. Staining procedure

FC was used to investigate the effects of MAEO and MPEO on E. coli, L.
monocytogenes and Salmonella Enteritidis membranes and cellular functions using the
following fluorochromes: thiazole orange (TO, Sigma-Aldrich, St. Louis, MO, USA), a
permeant dye that enters all cells, live and dead, to varying degrees; propidium iodide (PI,
Sigma-Aldrich, St. Louis, MO, USA) for membrane integrity; bis-1,3-dibutylbarbutiric acid
(BOX, Molecular Probes, Invitrogen, part of Life Technologies, Eugene, OR, USA) for
membrane potential; ethidium bromide (EB, Sigma-Aldrich, St. Louis, MO, USA) for efflux
activity; and 5-cyano-2,3-ditolyl tetrazolium chloride (CTC, Polysciences, Warrington, PA,
USA) for respiratory activity. Prior to the FC analysis, cells from each test strain in the
pineapple and mango juice with or without MAEO or MPEO were harvested (4,500 x g, 15
min, 4 °C), washed twice and re-suspended in PBS (pH 7.4) and labeled with the
fluorochromes (Silva et al., 2011). Ethanol-fixed cells were used as a positive control for PlI,

BOX and EB staining, and as a negative control for CTC staining (Silva et al., 2010).

2.6.1. Membrane permeability

For TO, 1 uL of dye solution [10 pg/mL in DMSO (Sigma-Aldrich, St. Louis, USA)]
was added to 1000 pL of each cell suspension in PBS (pH 7.4) and incubated for 5 and 15
min for L. monocytogenes and for E. coli and Salmonella Enteritidis, respectively, at room
temperature (Singh and Barnard, 2016). For PI, L. monocytogenes suspensions were
incubated for 5 min in PBS with 10 pg/mL PI, and E. coli and Salmonella Enteritidis

suspensions were incubated for 15 min in PBS with P1 1 pg/mL at 37 °C (Silva et al., 2011).

2.6.2. Membrane potential
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Suspensions of L. monocytogenes, and E. coli and Salmonella Enteritidis cells, were
incubated in PBS (pH 7.4) with 0.5 mg/mL BOX and in PBS (pH 7.4) with 4 mM EDTA with
2.5 mg/mL BOX, respectively. L. monocytogenes suspensions were incubated for 5 min, and
E. coli and Salmonella Enteritidis cells were incubated for 15 min at 37 °C (Silva et al.,

2011).

2.6.3. Efflux activity

L. monocytogenes and E. coli and Salmonella Enteritidis suspensions were incubated
in PBS (pH 7.4) with 1% (w/v) glucose and 5 mg/mL EB or in pure PBS with 10 mg/mL EB,
respectively. L. monocytogenes suspensions were incubated for 5 min, and E. coli and

Salmonella Enteritidis suspensions were incubated for 15 min at 37 °C (Silva et al., 2011).

2.6.4 Respiratory activity
Suspensions of L. monocytogenes, E. coli and Salmonella Enteritidis were incubated in
PBS (pH 7.4) with 1% (w/v) glucose and 5 mM CTC for 30 min at 37 °C under stirring at 250

rpm (Silva et al., 2011).

2.7 FC analysis

FC measurements were performed using a BD Accuri C6 flow cytometer (BD Accuri
C6, New Jersey, USA), with 488-nm excitation from a blue solid-state laser. Green
fluorescence was collected in the FL1 channel (533 nm £ 30 nm) and red fluorescence in the
FL3 channel (> 670 nm). Scatter and fluorescence signals of individual cells passing through
the laser zone were collected as logarithmic signals. The fluorescence signal (pulse area
measurements) was collected by FL1 (TO and BOX) and FL3 (PI, EB and CTC) bandpass

filters. Threshold level was adjusted for FSC (12,000) to eliminate noise or particles (of
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cellular debris) that were much smaller than intact cells. Bacterial cells were gated per
FSC/SSC parameters. Sample acquisition was operated at the low flow rate setting (12
mL/min), and a total of 10,000 events were acquired for each sample. Data analysis was

performed using BD Accuri C6 Software.

2.8 Data analysis

Density plots representing forward scatter light (FSC) vs. side scatter light (SSC) were
obtained during measurements. FSC is measured in the plane of the beam and gives relative
information on cell size. SSC is measured at 90° to the beam and provides information on cell
granularity. Density plot analysis of FL1 vs. FL3 was applied to determine the fluorescence
properties of the cell populations. TO™ PI" cells (gate upper left; UL) represent intact cell
membranes, and TO™ PI* cells (gate upper right; UR) correspond to a damaged or slightly
permeabilized cell membrane. TO" PI" cells (gate lower right; LR) represent a permeabilized
cell membrane, and TO™ PI" cells (gate lower left; LL) represent damaged DNA or RNA,
while the cell may still be intact (Surowsky et al., 2014). BOX™ PI" cells (gate UL) represent
depolarized and nonpermeabilized cells; BOX* PI* and BOX" PI* cells (gate UR and LR)
correspond to a population of depolarized and permeabilized cells with different degrees of
damage; and BOX™ Pl cells (gate LL) represent unstained populations of intact cells,
polarized and non-permeabilized (Hammer and Heel, 2012). Density plot analysis of SSC vs.
FL3 was applied to determine the fluorescence properties of the EB* and CTC* populations,
representing cells with altered efflux pump activity and non-impaired respiratory function,
respectively (Léonard et al., 2016; Morishige et al., 2015). These populations were gated in

the right rectangles.

2.9. Statistical analysis
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The viable cell count assays were performed in three independent experiments in
triplicate (from plating the same sample in threefold). The viable counts were obtained from a
single mixture comprised of each fruit juice, the MAEO or MPEO concentration and the
target bacterial inoculum. For these data, statistical analyses were performed to determine
significant differences (p < 0.05) based on student’s t-test or an ANOVA followed by a post
hoc Tukey test. Sigma Stat 3.5 computational software (Jandel Scientific Software, San Jose,

California) was used for the statistical analysis.

3. Results and discussion
3.1. Reduction in bacterial viable counts by MAEO and MPEO in juices

The reductions in bacterial viable counts of E. coli, L. monocytogenes and Salmonella
Enteritidis in pineapple and mango juice containing 0.625 pL/mL MAEO or 1.25 pL/mL
MPEO after a 15 min-exposure under refrigeration are shown in Table 1. Count reductions >
5 logio cycles were observed for all target strains in pineapple juice with MAEO or MPEO. In
mango juice with MAEO, the count reductions were 1.58 + 0.15, 0.82 + 0.11, and 1.57 £ 0.22
logio cycles, and in mango juice with MPEO, the count reductions were 0.93 + 0.14, 0.61 +
0.16, and 0.98 £ 0.14 logio cycles, for E. coli, L. monocytogenes and Salmonella Enteritidis,
respectively. In the juices without MAEO or MPEO, count reductions in E. coli, L.
monocytogenes and Salmonella Enteritidis were 0.15 £+ 0.01, 0.05 + 0.04, and 0.30 + 0.08
logio cycles, and 0.10 + 0.05, 0.07 £ 0.01, and 0.11 + 0.04 logio cycles in the pineapple and
mango juices, respectively. These count reductions in the juices without MAEO or MPEO
could be due to the intrinsic characteristics of these juices, particularly their pH value (Manso
et al., 2015; Sousa Guedes et al., 2016). MAEO and MPEO reduced the counts of target

strains in pineapple juice more than (p < 0.05) in mango juice.
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Since the non-growth of bacteria is not equivalent to cellular death, and the non-
growing bacteria may still have metabolic activity (Bunthof and Abee, 2002), flow cytometric
measurements were performed to detect the physiological functions of E. coli, L.
monocytogenes and Salmonella Enteritidis following the exposure to MAEO or MPEO in

pineapple and mango juice.

3.2. Flow cytometry study

To understand cell inactivation caused by a 15-min exposure to 0.65 pL/mL MAEO
and 1.25 pL/mL MPEO, five fluorescent probes were used (TO, PIl, BOX, EB and CTC) to
monitor bacterial cellular functions, particularly the membrane integrity, membrane potential,
efflux activity, and respiratory activity using FC. TO is a cell-permeant DNA dye used to
identify DNA-containing particles and can enter all cells, while Pl is an impermeant DNA dye
that only penetrates cells with damaged membranes. Density plots corresponding to dual-
parameters stained with TO and PI of E. coli, L. monocytogenes and Salmonella Enteritidis
cells exposed to MAEO or MPEO in pineapple and mango juice are shown in Fig. 1. The
percentage of the microbial populations that fall in each gate is presented in the four edges of
each plot.

Bacterial cells exposed to MAEO or MPEO shifted cells from the gates LL and UL
(cells with DNA damage and still intact and cells with intact membranes, respectively) to
gates LR and UR (cells with permeabilized membrane and cells with damaged membrane or
slightly permeabilized, respectively). The shifts to gate UR were from 64 to 94.4% (Fig. 1A),
21.8 to 39.1% (Fig. 1C), and 65.1 to 97.1% (Fig. 1E) for E. coli, L. monocytogenes, and
Salmonella Enteritidis in pineapple juice, respectively. The shifts were from 50.5 to 55.5%
(Fig. 1B), 0.0 to 0.2% (Fig. 1D), and 0.9 to 5.9% (Fig. 1F) for E. coli, L. monocytogenes and

Salmonella Enteritidis in mango juice, respectively.
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The percentage of TO" PI" stained cells in E. coli (Fig. 1A), L. monocytogenes (Fig.
1C) and Salmonella Enteritidis (Fig. 1E) exposed to MAEO or MPEO in pineapple juice were
higher than the percentage of TO" PI* stained cells after exposure to the EOs in mango juice
(Fig. 1B, D, and F), indicating that cytoplasmic membrane integrity was affected more by the
EOs in the pineapple juice. The antibacterial effects of EOs at a more acidic pH (as occurs in
pineapple juice) are probably higher because the EOs' constituents may behave more
hydrophobically and enter cells more easily (Gutierrez et al., 2009). These results agree with
the data that larger count reductions occurred in pineapple juice containing either MAEO or
MPEO than in mango juice, probably due to the higher number of cells presenting a damaged
membrane in the former. The rupture of the cytoplasmic membrane leading to increased
permeability has been typically cited as the main antibacterial action mechanism of EOs (Gill
and Holley, 2006; Sousa et al., 2015).

In the juice samples without MAEO or MPEO, there were less than 64, 21.8, and
65.1% of E. coli, L. monocytogenes, and Salmonella Enteritidis cells in pineapple juice (Fig.
1A, C, and E), respectively, and 50.5, 0.0 and 0.9% of these cells in mango juice (Fig. 1B, D,
and F) were TO* PI*. E. coli and Salmonella Enteritidis had a higher percentage of injured
cells (TO* PI* and TO" PI*) than L. monocytogenes in both pineapple and mango juice. These
results also agreed with the data from the viable counts assays, showing that the Gram-
negative bacteria were more sensitive to MAEO and MPEO than L. monocytogenes, a Gram-
positive bacterium. The available literature reports that menthol, the majority constituent of
MAEO and MPEO used in this study, can interact with the bacterial phospholipidic
membranes and induce damage to the cell structure by causing a perturbation of the lipid
fraction, inducing alterations in permeability and leakage of intracellular materials (Trombetta

et al., 2005).
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The effects of MAEO and MPEO in pineapple and mango juice on the membrane cells
of E. coli, L. monocytogenes and Salmonella Enteritidis are shown in Fig. 2. Using dual-
parameter density plots of green fluorescence (y-axis) and red fluorescence (x-axis), it was
possible to monitor the capability of E. coli, L. monocytogenes and Salmonella Enteritidis
cells in pineapple (Fig. 2A, C, and E) and mango (Fig. 2B, D, and F) juice of accumulating
and retaining BOX and PI, as indicators of membrane potential and membrane damage,
respectively, following the exposure to MAEO or MPEO. Polarized cells can exclude anionic
molecules (e.g., BOX) and depolarized cells allow the accumulation of BOX inside the cells
(Silva et al., 2011). Representative membrane potential vs. permeability plots for E. coli (Fig.
2A and B), L. monocytogenes (Fig. 2C and D), and Salmonella Enteritidis (Fig. 2E and F)
show loss of membrane potential in cells exposed to MAEO or MPEO in pineapple (Fig. 2A,
C and E) and mango (Fig. 2B, D and F) juice.

For MAEO, the total percentages of depolarized and permeabilized cells were 88.2,
73.4, and 94.4% for E. coli, L. monocytogenes and Salmonella Enteritidis in pineapple juice,
and 19.2, 2.1, and 5.1% in mango juice, respectively. The total percentage of depolarized and
permeabilized cells of E. coli, L. monocytogenes and Salmonella Enteritidis were 86.4, 53.1,
and 95.2% in pineapple juice with MPEO, and 14.8, 2.0, and 4.2% in mango juice with
MPEO, respectively. For the three test strains, cells not exposed to MAEO or MPEO
remained largely polarized and non-permeabilized in pineapple juice (32.3 - 46.6%), but in
mango juice, the percentage (1.8 — 2.5%) was lower than in pineapple juice because most of
the cells (83.4 — 97.6%) were in the UL gate, i.e., remained depolarized and non-
permeabilized.

The percentages of BOX™ PI™ and BOX" PI" cells, corresponding to populations of
permeabilized cells with different degrees of damage, were higher in the pineapple juice

containing MAEO or MPEO than the mango juice. L. monocytogenes (Fig. 2C and D)
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presented a low percentage of BOX™ PI" and BOX" PI* cells. These data suggest that MAEO
and MPEO affect bacterial cell membranes by decreasing polarity, in addition to increasing
permeability over time. Furthermore, membrane depolarization seems to be an event prior to
membrane permeabilization and damage (Diaz et al., 2010). Membrane depolarization
presumably occurs when sufficient molecules have accumulated within the membrane,
causing increased ion permeability and transmembrane ion gradient dissipation.
Permeabilization may occur as an extension of these events due to the accumulation of
additional molecules within the membrane from a higher concentration of EOs’ constituents
or a longer exposure time (Hammer and Heel, 2012).

Simultaneous double-staining and multiparametric FC could allow characterizing an
intermediate state where cells show fluorescence with both probes, which could provide
insight into the physiological functions of bacterial cells (Ferrario and Guerrero, 2017;
Léonard et al., 2016; Singh and Barnard, 2016; Tracy et al., 2010). A higher percentage of
cells was observed at gate UR, particularly in those exposed to MAEO or MPEO in pineapple
juice (Fig. 1A, C and E, and 2A, C and E). As mentioned before, cells separated in this gate
were stained by both TO or BOX and PI. The presence of these double-stained populations
indicates that these cell membranes were damaged, allowing PI to penetrate the cells. These
findings reveal that Pl can diffuse into the cells because of the membrane damage caused by
MAEO and MPEO (Ananta et al., 2004). However, membrane disruption alone could not
have been responsible for bacterial cell inactivation in the pineapple and mango juice
containing MAEO or MPEO; hence, efflux activity and respiratory activity in these cells were
also evaluated.

Efflux activity was measured using EB, and the percentage of bacterial cell
populations that fell in each gate is shown in Fig. 3. EB is a membrane-permeant that enters

intact cell membranes but is actively pumped out of the cell via a non-specific proton anti-port
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transport system. When the membrane is damaged and the efflux pump malfunctions, EB can
stain the intracellular DNA in cells (Diaz et al., 2010; Kim et al., 2009). FC analysis using
varying dyes with different targets in the bacterial cell suggests that the antibacterial activity
of MAEO and MPEO is associated with their action toward several targets and not only in
their direct membrane perturbation.

Exposure of cells to MAEO or MPEO led to a cell shift from the left gate (cells with
efflux pump activity) to the right gate (cells with compromised efflux pump activity)
compared to control cells, depending on the type of juice. In pineapple juice (Fig. 3A, C and
E), the percentage of cells shifted from 10.1 — 46% in control juice samples, from 51.4 —
71.8% in juice samples containing MAEO or MPEO; in mango juice (Fig. 3B, D and F)
shifted from 0.8 — 1.2% in control juice samples to 8.8 — 11.1% in juice samples containing
MAEO or MPEO. The percentage of EB™ cells was higher in juices containing MAEO or
MPEO than in the control juices, indicating that efflux pump activity was compromised due
to the MAEO and MPEO (Ferreira et al., 2014; Lechner et al., 2008).

The respiratory activity of bacterial cells was measured by using the CTC-reduction
assay (Morishige et al., 2015). Density plots indicating the distribution of the respiratory-
active subpopulation cells measured by FC are shown in Fig. 4. Respiratory-active cells,
which have an active electron transport system, showed accumulation of fluorescent CTC-
formazan particles. In contrast, the respiratory-inactive cells did not accumulate the formazan.
Exposure of E. coli cells to MAEO or MPEO led to a shift in the cells from the right (cells
with respiratory activity) to the left gate (cells with no respiratory activity) compared to
control juice samples, depending on the type of juice (Fig. 4A and B). In pineapple juice (Fig.
4A), the percentage of cells with respiratory activity dropped from 59.1 (control) to 12.4 and
14.1% after exposure to MAEO and MPEO, respectively. In mango juice (Fig. 4B), the

reduction was lower, dropping from 15.9 to 12 and 10% after exposure to MAEO and MPEO,
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respectively. Similar behavior was observed for both L. monocytogenes (Fig. 4C and D) and
Salmonella Enteritidis (Fig. 4E and F) in pineapple juice (38.4 to 16.6 and 3.1% and 42.3 to
10.1 and 9.6%, respectively) and in mango juice (65.1 to 1.5 and 0.6% and 12.6 to 9.4 and
8.5%, respectively).

The CTC dye is reduced by the respiratory electron transport chain to an insoluble
fluorescent formazan, which accumulates in actively respiring cells. However, cells with low
respiratory activity may not be detected as CTC positive, probably due to the relative toxicity
of cellular CTC accumulation (Diaz et al., 2010; Ferreira et al., 2014). Hence, different viable
cell count values (99.99% vs. 50.48%) can present similar percentages of CTC-positive cells
(11.74% vs. 17.09%) (Bouhdid et al., 2009), as observed for E. coli in mango juice with
MAEO and MPEO (Fig. 4B).

Considering the results of the FC analysis, MAEO and MPEO likely cause bacterial
cell inactivation due to the impairment of several cellular functions, including cell wall
permeabilization and efflux pump inhibitory activity (Saviuc et al., 2016). The multiparameter
FC analysis using the double-staining method was a useful technique for real-time and
guantitative detection of altered/non-altered physiological functions in E. coli, L.
monocytogenes and Salmonella Enteritidis exposed to MAEO or MPEO in pineapple and

mango juice, revealing more detail on the antibacterial mechanism of these EOs.

4. Conclusion

The results of this study showed that 0.625 pL/mL MAEO and 1.25 pL/mL MPEO
incorporated directly into pineapple and mango juice reduce the counts of E. coli, L.
monocytogenes, and Salmonella Enteritidis after an exposure time as short as 15 min.
However, both MAEO and MPEO reduced the target bacteria in the pineapple juice more than

in the mango juice. The results of the FC analysis indicate that MAEO and MPEO inactivate
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E. coli, L. monocytogenes and Salmonella Enteritidis cells in pineapple and mango juice
through a multi-target mechanism that disrupts the cytoplasmic membrane, increases
permeability and potential depolarization, as well as inhibits the efflux pump and respiratory
activity. Further studies with different microorganisms of concern in fruit juice are necessary

for a better understanding of the microbial response to EO treatments in these products.
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Fig. 1. Fluorescence density plots of E. coli UFPEDA 224 (A and B), L. monocytogenes
ATCC 7644 (C and D) and Salmonella Enteritidis UFPEDA 414 (E and F) in response to
staining with TO and PI after a 15-min exposure to M. arvensis L. (MAEO; 0.625 pL/mL) or
M. piperita L. essential oil (MPEQ; 1.25 pL/mL) in pineapple (A, C and E) and mango (B, D
and F) juice at 4 £ 0.5 °C. The vertical axis indicates the fluorescence intensity of the TO; the
horizontal axis indicates the fluorescence intensity of the PI. The percentage of cell

populations that fell in each gate are displayed in the four edges of each plot.

Fig. 2. Fluorescence density plots of E. coli UFPEDA 224 (A and B), L. monocytogenes
ATCC 7644 (C and D) and Salmonella Enteritidis UFPEDA 414 (E and F) in response to
staining with BOX and PI after a 15-min exposure to M. arvensis L. (MAEO; 0.625 pL/mL)
or M. piperita L. essential oil (MPEO; 1.25 uL/mL) in pineapple (A, C and E) and mango (B,
D and F) juice at 4 £ 0.5 °C. The vertical axis indicates the fluorescence intensity of BOX; the
horizontal axis indicates the fluorescence intensity of the PI. The percentages of the cell

populations that fell in each gate are displayed in the four edges of each plot.

Fig. 3. Fluorescence density plots of E. coli UFPEDA 224 (A and B), L. monocytogenes
ATCC 7644 (C and D) and Salmonella Enteritidis UFPEDA 414 (E and F) in response to
staining with EB after a 15-min exposure to M. arvensis L. (MAEO; 0.625 puL/mL) or M.
piperita L. essential oil (MPEO; 1.25 uL/mL) in pineapple (A, C and E) and mango (B, D and
F) juice at 4 + 0.5 °C. The horizontal axis indicates the fluorescence intensity of EB; the
vertical axis indicates the side-light scatter intensity. The negative stain subpopulation was
gated in the left rectangles; the positive stain subpopulation was gated in the right rectangles.

The percentages of the cell populations that fell in each gate are shown in each plot.
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Fig. 4. Fluorescence density plots of E. coli UFPEDA 224 (A and B), L. monocytogenes
ATCC 7644 (C and D) and Salmonella Enteritidis UFPEDA 414 (E and F) in response to
staining with CTC after a 15-min exposure to M. arvensis L. (MAEO; 0.625 uL/mL) or M.
piperita L. essential oil (MPEO; 1.25 uL/mL) in pineapple (A, C and E) and mango (B, D and
F) juice at 4 £ 0.5 °C. The horizontal axis indicates the fluorescence intensity of CTC-
formazan; the vertical axis indicates the side-light scatter intensity. The respiratory active cell
subpopulation was gated in the right rectangles; the inactive cell subpopulation was gated in
the rectangles. The percentages of the cell populations that fell in each gate are shown in each

plot.
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Table 1
Reduction of logio CFU/mL cycles of E. coli UFPEDA 224, L. monocytogenes ATCC 7644,
and Salmonella Enteritidis UFPEDA 414 exposed to M. arvensis L. (MAEO; 0.625 pL/mL)

or M. piperita L. essential oil (MPEQO; 1.25 uL/mL) in mango and pineapple juice after a 15

min-exposure at 4 £ 0.5 °C.

Strains Treatments Pineapple juice Mango juice
Reduction logio Reduction logio
cycle cycle

E. coli Control 0.15 (£ 0.01) #° 0.10 ( 0.05) A°

UFPEDA 224 MAEOQO (0.625 pL/mL) 5.10 (£ 0.42) A 1.58 (+ 0.15) Ba

MPEO (1.25 pL/mL)

5.10 (+ 0.46) A2

0.93 (+0.14) B

L. monocytogenes Control
ATCC 7644 MAEO (0.625 pL/mL)

MPEO (1.25 pL/mL)

0.05 (+ 0.04) A
5.33 ( 0.39) A

5.33 (+ 0.45) A2

0.07 (+ 0.01) %
0.82 (+ 0.11) B

0.61 (+ 0.16) B

Salmonella Enteritidis  Control
UFPEDA 414 MAEO (0.625 pL/mL)

MPEO (1.25 pL/mL)

0.30 (+ 0.08) A
5.15 (+ 0.41) A2

5.15 (+ 0.51) A2

0.11 (£ 0.04) B¢
1.57 (+ 0.22) B

0.98 (+ 0.14) B°

AB: Different superscript capital letters in the same row indicate significant difference (p < 0.05) among counts

obtained for each strain in different fruit juices, based on student t test.

@¢: Different superscript lowercase letters in the same column for each juice indicate significant difference (p <

0.05) among counts obtained for each strain after different treatments, based on Tukey's test.
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APENDICE G — Patente depositada no Instituto Nacional da Propriedade Industrial —

INPI (BR 10 2017 006417 4).

INSTITUTO
' NACIONAL
‘ DA PROPRIEDADE
INDUSTRIAL

20/03/2017

870170020625

T
00.000.2.2.17.0202833.4

Pedido nacional de Invengao, Modelo de Utilidade, Certificado de
Adigdo de Invengédo e entrada na fase nacional do PCT

Numero do Processo:

Dados do Depositante (71)

BR 10 2017 006417 4

Depositante 1 de 1

Nome ou Razé&o Social:
Tipo de Pessoa:
CPF/CNPJ:
Nacionalidade:
Qualificagéo Juridica:
Enderego:

Cidade:

Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

Universidade Federal da Paraiba
Pessoa Juridica
24098477000110

Brasileira

Instituicdo de Ensino e Pesquisa
Cidade Universitaria

Jodo Pessoa

PB

58059-900

Brasil

(83) 32167558

cit@prpg.ufpb.br

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 29/03/2017 as

ELETRONICO

Peticdo 870170020625, de 29/03/2017. pag. 1/14

09:03, Peticdo 870170020625



Dados do Inventor (72)

Inventor 1 de 5

Nome:

CPF:
Nacionalidade:
Qualificag&o Fisica:

Enderego:

Cidade:
Estado:
CEP:
Pals:
Telefone:
Fax:

Email:

Inventor 2 de 5

Nome:

CPF:
Nacionalidade:
Qualificag&o Fisica:

Enderego:

Cidade:
Estado:
CEP:
Pais:
Telefone:
Fax:

Email:

Inventor 3de 5

EVANDRO LEITE DE SOUZA
03247278443
Brasileira

Professor do ensino superior

Laboratério de Microbiologia de Alimentos, Departamento de
Nutricdo, Centro de Ciéncias da Saude, Universidade Federal da

Paraiba, Campus |
Joéio Pessoa

PB

BRASIL
(83) 988 801625

evandroleitesouza@ccs.ufpb.br

JOSSANA PEREIRA DE SOUSA GUEDES
07188175403
Brasileira

Professor do ensino superior

Departamento de Gestdo e Tecnologia Agroindustrial, Centro de
Ciéncias Humanas, Sociais e Agrarias, Universidade Federal da

Paraiba, Campus llI
Bananeiras

PB

58220-000
BRASIL

(83) 988 821506

jossana@cchsa.ufpb.br

PETICIONAMENTO g, salicitagéo foi enviada pelo sistema Peticionamento Eletronico em 29/03/2017 as

ELETRONICO 09:03, Petigio 870170020625
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Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 4 de 5

Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pafs:
Telefone:

Fax:

Email:

Inventor 5de 5

ERIKA TAYSE DA CRUZ ALMEIDA
07164325448
Brasileira

Estudante de Pos Graduacéo

Rua Profa. Maria Lianza, n® 210, apto. 104, Jardim Cidade

Universitaria
Jodo Pessoa

PB

58052-320
BRASIL

(83) 996 115777

erika_yse@hotmail.com

RAYSSA JULLIANE DE CARVALHO

07412624440
Brasileira

Estudante de Pés Graduacéo

Av. Infante Dom Henrique, n° 835, apto 403, Tambau

Jodo Pessoa

PB

58039-151
BRASIL

(83) 999 211397

rayssa_ea_ufpb@hotmail.com

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletronico em 29/03/2017 as

ELETRONICO 09:03, Petigéo 870170020625
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Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:

Enderego:

Cidade:
Estado:
CEP:
Pals:
Telefone:
Fax:

Email:

Documentos anexados

MARCIANE MAGNANI
88140113034

Brasileira

Professor do ensino superior

Laboratério de Processos Microbianos em Alimentos,
Departamento de Engenharia de Alimentos, Centro de
Tecnologia, Universidade Federal da Paraiba, Campus |

Jodo Pessoa

PB
58051-900
BRASIL

(83) 321 67576

magnani2@gmail.com

Tipo Anexo

Comprovante de pagamento de GRU 200
Relatério Descritivo

Reivindicacdo

Resumo

Acesso ao Patrimbnio Genético

Nome
Comprovante de pagamento GRU.pdf
Relatério Descritivo.pdf
Reivindicacoes.pdf

Resumo.pdf

Declaracdo Negativa de Acesso - Declaro que o objeto do presente pedido de patente de invencdo
ndo foi obtido em decorréncia de acesso & amostra de componente do Patriménio Genético

Brasileiro, o acesso foi realizado antes de 30 de junho de 2000, ou nédo se aplica.

Declaragdo de veracidade

MDecIaro, sob as penas da lei, que todas as informac¢des acima prestadas sédo completas e

verdadeiras.

PETICIONAMENTO Esta solicitag&o foi enviada pelo sistema Peticionamento Eletrénico em 29/03/2017 as
09:03, Peticdo 870170020625

ELETRONICO

Petigio 870170020625, de 29/03/2017, pag. 5/14
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ANEXOS

ANEXO A — Comprovante de cesséo das culturas microbianas

Antibiéticos
Recife, 11 de outubro de 2013.

Da: Profa Dra. Glaucia Manoella de Souza Lima o
Diretora da Cole¢do de Microrganismos UFPEDA — Departamento de Antibidticos - UFPE

Para: Evandro Leite de Souza

Programa de Pds-Graduagdo em Nutrigdo.Departamento de Nutrigdo — CCS/UFPE

Em atendimento a sua solicitagdo, estamos encaminhando as cultura abaixo relacionadas.
Escherichia coli UFPEDA 224

Salmonella enteritidis UFPEDA 415

Atenciosamente.

Gt ux&[LU/Q_

Glaucia Manoella de Souza Lima
SIAPE:1736206

Departamento de Antibiéticos - C

CB/UFPE - Cidad itaria - 50.670- -PE.
Telefone: (081) 2126-8347 /8866 idade Universitaria - 50.670-901, Recife-PE. Brasil

-8867| Fax: (081) 2126-8346 | e-mail: gmslima@yahoo.com.br



ANEXO B — Parecer consubstanciado do Comité de Etica em Pesquisa

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE W o
CIENCIAS DA SAUDE / UFPE-

GEP- G5 - LFFE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Aplicacdo combinada de dleos essenciais, temperaturas moderadas e campo elétrico
pulsado na conservacdo de sucos de frutas tropicais

Pesquisador: Jossana Pereira de Sousa

Area Tematica:

Versio: 2

CAAE: 43653415.6.0000.5208

Instituigio Proponente: CENTRO DE CIENCIAS DA SAUDE
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.125993
Data da Relatoria: 29/06/2015

Apresentagio do Projeto:

Trata-se de estudo experimental cuja proposta & tratar quatro tipos de sucos de frutas tropicais da regiao
nordeste com oleos essenciais de Mentha piperita L. (horteld-pimenta) e Mentha arvensis L. (horteld-doce),
aplicacdo de Tratamentos Termicos Moderados e de Campo Elétrico Pulsado(CEF). Os parametros de
qualidade dos sucos de frutas adicionados ou ndao dos 6leos essenciais e submetidos ou ndo aos
tratamentos com temperaturas moderadas e CEP, serdo mensurados em diferentes intervalos (1, 2, 3, 4, 5,
6 e 7 dias) de armazenamento refrigerado a 7 °C (£1 °C). Os parametros fisico-quimicos avaliados serdo

pH, acidez, solidos soldveis, vitamina C e acucares totais de acordo com metodologia padrdo (AOCAC, 2008).

Apo6s estes tratamentos os sucos serdo submetidos @ analise sensorial, por meio do teste de aceitacio,

com 200 provadores voluntarios.

Os provadores realizardo o teste sensorial em condigcdes controladas de temperatura e iluminacgéo e
provardo porgdes dos sucos adicionados de diferentes concentragdes dos dleos essenciais, servidas em
copos descartaveis(50 ml). Cada grupo de 50 provadores fara o teste com um tipo de suco, totalizando os
200 provadores. Os provadores farao uso de bolacha salgada e agua para limpar os seus paladares entre
as amostras avaliadas.

A aceitacdo da (aparéncia, cor, aroma, sabor, sabor residual, docura, consisténcia e avaliacdo global), serdo

avaliados em uma escala heddnica de 9 pontos, variando de 1 (ndo gostei

Enderego: Av. da Engenharia sin® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-600
UF: PE Municipio: RECIFE
Telefone: (81)2126-2588 E-mail: cepccs@uipe.br

Pagina 01 de 05

121



122

% UNIVERSIDADE FEDERAL DE
= PERNAMBUCO CENTRO DE %“gf"‘m
& CIENCIAS DA SAUDE / UFPE-

Continuagio do Parecer: 1.125.993

muitissimo) a 9 (gostel muitissimo). A intencdo de compra sera avaliada utilizando uma escala heddnica de
5 pontos, variando de 1 (certamente ndo compraria) a 5 (certamente compraria). Amostras dos sucos sem
adicdo dos dleos essenciais serdo testadas de forma semelhante como um controle. O desenvolvimento dos
testes sensoriais obedecerdo a metodologia descrita por Azerédo et al. (2011).

As analises estatisticas serdo realizadas utilizando-se testes de estatistica descritiva e inferencial para
determinacdo de diferencas significantes (p=<0,05) entre os tratamentos aplicados. Para a analise estatistica
ufilizar-se-a o software Sigma Stat. 2.03.

Critério de Incluséo:

0Os sujeitos participantes serdo funcionarios, alunos, professores e visitantes, maiores de 18 anos, que se
encontrem no Campus | da Universidade

Federal da Paraiba nos dias de realizagdo dos testes sensoriais, e que estejam interessados em participar
voluntariamente da pesquisa. Serdo

selecionados de acordo com seu interesse em participar da pesquisa e por possuir o habito de consumir
sucos de fruta (abacaxi, acerola, caju e

manga), ou seja, provaveis consumidores desse tipo de produto.

Critério de Exclusdo:

Pessoas menores de 18 anos. Individuos que ndo tenham o habito de consumir sucos de fruta. Tabagistas.

Objetivo da Pesquisa:
Objetivo Geral. avaliar o potencial da aplicagcdo combinada de 6leos essenciais, tratamentos térmicos

moderados e campos elétricos pulsados na conservacdo de sucos de frutas tropicais,

Objetivos especificos:

a) avaliar a eficacia de oleos essenciais, tratamentos térmicos moderados e campos elétricos pulsados,
quando aplicados isolados e em combinacdo, na inibicdo de cepas de bactérias contaminantes de sucos de
frutas em indculo misto, cultivadas em meio laboratorial e em sucos de frutas tropicais;

b) investigar a ocorréncia de injdria subletal nas cepas teste utilizadas nos ensaios apdés aplicacdo dos

6leos essenciais, tratamentos térmicos moderados e campos elétricos pulsados, isolados e combinados;

Endereco: Av. da Engenharia s/n® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-800
UF: PE Municipio: RECIFE
Telefone:  (81)2126-8588 E-mail: cepccs@ufpe br
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c) identificar os possiveis danos as celulas bacterianas, causados pelos tratamentos utilizados;

d) verificar a influéncia dessa aplicacao, isolada ou combinada, sobre indicadores fisico-quimicos de
qualidade e atributos sensoriais de sucos de frutas tropicais ao longo do periodo de armazenamento.

Avaliagido dos Riscos e Beneficios:

O teste sensorial ndo apresenta riscos previsiveis ou mensuraveis, pois de acordo com a literatura os dleos
essenciais adicionados aos sucos de fruta ndo apresentam efeitos toxicos significativos in vivo nas
concentracdes utilizadas no estudo. Por ser considerado um alimento perecivel, para controlar o fator
contaminagdo, todo o procedimento de elaboragdo dos sucos fol conduzido de acordo com as Boas Praticas
de Fabricacdo, de acordo com as legislacdes vigentes. Além disto, antes da aplicacdo das analises
sensoriais, as amostras foram submetidas a analises microbiolagicas que demaonstraram a qualidade
higiénico-sanitaria dos produtos elaborados, sendo descartados os produtos que apresentaram valores
acima dos permitidos pela legislacdo especifica, garantindo que o Sr (a) esta recebendo amostras sem
nenhum risco de contaminacdo microbiolégica. Caso apresente alguma reacdo alérgica, ndo antes
vivenciada, a equipe estara preparada a chamar o Servico de Atendimento Mdvel

de Urgéncia — SAMU, por meio do ndmero 192, assim como, na auséncia deste, a encaminha-lo ao hospital
de referéncia mais préximo. Assim como, sera oferecida uma prova minima a cada avaliador, antes da
degustacdo oficial, para verificar a sua aceitabilidade orgdnica ao produto.

Beneficios: Considerando a propriedade antimicrobiana dos dleos essenciais de plantas aromaticas que
serdo estudados, bastante relatada na literatura, espera-se encontrar um potencial efeito antimicrobiano
quando utilizados em combina¢cdo com outras tecnologias de conservacdo, como tratamentos termicos
moderados e pulsos elétricos, frente @ microbiota natural e micro-organismos patdgenos comumente

encontrados em sucos de frutas tropicais

Comentarios e Consideragdes sobre a Pesquisa:

sem comentarios

Consideragoes sobre os Termos de apresentagdo obrigatéria:
Apresentou todos os termos exigidos pela resolugdo 466/12

Recomendagdes:
Sem recomendacdes

Enderego: Av. da Engenharia sin® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-800
UF: PE Municipio: RECIFE
Telefone: (31)2126-8588 E-mail: cepccs@uipe.br
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Conclusdes ou Pendéncias e Lista de Inadequagdes:

Sem pendéncias

Situagio do Parecer:

Aprovado
Necessita Apreciagdo da CONEP:

N&o

Consideragdes Finais a critério do CEP:

As exigéncias foram atendidas e o protocolo estd APROVADO, sendo liberado para o inicio da coleta de
dados. Informamos que a APROVACAQ DEFINITIVA do projeto sé sera dada apas o envio do Relatério
Final da pesquisa. O pesquisador devera fazer o download do modelo de Relatdrio Final para envia-lo via
“Notificacdo”, pela Plataforma Brasil. Siga as instrucées do link “Para enviar Relatorio Final”, disponivel no
site do CEP/CCS/UFPE. Apds apreciacao desse relatdrio, o CEP emitira novo Parecer Consubstanciado
definitivo pelo sistema Plataforma Brasil.

Informamos, ainda, que o (a) pesquisador (a) deve desenvolver a pesquisa conforme delineada neste
protocolo aprovado, exceto quando perceber risco ou dano ndo previsto ao voluntario participante (item V.3,
da Resolugdo CNS/MS N° 466/12).

Eventuais modificagdes nesta pesquisa devem ser solicitadas através de EMENDA ao projeto, identificando
a parte do protocolo a ser modificada e suas jusfificativas.

Para projetos com mais de um ano de execucdo, & obrigatorio que o pesquisador responsavel pelo
Protocolo de Pesquisa apresente a este Comité de Etica relatorios parciais das atividades desenvolvidas no
periodo de 12 meses a contar da data de sua aprovacdo (item X.1.3.b., da Resolugdo CNS/MS N 4G6/12).

O CEP/CCS/UFPE deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso
normal do estudo (item V.5., da Resolugdo CNS/MS N° 466/12). E papel do/a pesquisador/a assegurar
todas as medidas imediatas e adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido
em outro centra) e ainda, enviar notificagdo a ANVISA — Agéncia Nacional de Vigilancia Sanitaria, junto com

seu posicionamento.

Enderego: Av. da Engenharia s/n® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-600
UF: PE Municipio: RECIFE
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RECIFE, 26 de Junho de 2015

Assinado por:

LUCIANO TAVARES MONTENEGRO
(Coordenador)
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Bairro: Cidade Universitaria CEP: 50.740-800
UF: PE Municipio: RECIFE
Telefone:  (81)2126-8588 E-mail: cepccs@ufpe br

Pagina 05 de 05



126

ANEXO C — Comprovante de aceite do artigo publicado no periodico Comprehensive
Reviews in Food Science and Food Safety (ISSN 1541-4337).

M Gma” Jossana Sousa <jossanasousa@gmail.com>

Decision on CRF3-2016-0152.R1

3 mensagens

kvi@email.psu.edu <kv7@email.psu.edu> 21 de marco de 2016 17:10
Para: evandroleitesouza@hotmail.com
Cc: erika_yse@hotmail.com, jossanasousa@gmail.com

Dear Evandro de Souza:

We are pleased to inform you that your manuscript "The Potential of the Incorporation of Essential Qils and Their
Individual Constituents to Improve Microbial Safety in Juices: A Review" (CRF3-20168-0152.R1) has been accepted
for publication in Comprehensive Reviews in Food Science and Food Safety.

We will use the files you already uploaded for this accepted version of your manuscript for production, unless you
alert us at jfs@ift.org within 24 hours that you will send updated files. If there are any problems with your files, the
editorial office will contact you.

IF *MINOR* CHANGES ARE TO BE MADE AFTER THE MANUSCRIPT HAS BEEN ACCEPTED, YOU MAY MAKE
THE CHANGES WHEN YOU RECEIVE YOUR PAGE PROOFS.

Your article cannot be published until the publisher has received the appropriate signed license agreement. Once
your article has been entered production, the corresponding author will receive an e-mail from Wiley’'s Author
Services system asking to log in, to sign, and to retum the license agreement.

For your reference, the copyright terms can be accessed and read at https://mc.manuscriptcentral.
com/societyimages/jfs/IFT_Joumnals-CTA_Terms.pdf

A few comments of the Editor follow and, if applicable, please take appropriate action.
Editor's Comments to the Author:

Associate Editor: Kroger, Manfred

Comments to the Author:

As can be seen on pages 1-8 of the revised manuscript, the authors have satisfactorily replied to all comments and
questions filed by the 3 peer reviewers and changes and additions (8 new references) have been made accordingly.
All language and format deviations, as pointed out by the editor, have been meticulously corrected. The following
further minor corrections can be made at the next best opportunity or during the final proofreading by the authors:
line 32: therein (1 word)

326: Arkansas Black apple juice

431, 625, 626: high-pressure homogenization (compound adjectives get a hyphen)

733: composition of nutrients

849: Author Contributions

page 56 (at bottom) and page 60: spore germination

During the latter part of the production process -- which should take about 1 to 2 months - you will receive an e-mail
with a link to access your PDF page proof. There are no page charges for Comprehensive Reviews in Food Science
and Food Safety.

We greatly appreciate your choice of CRFSFS as an outlet for your fine work.
Sincerely,
Manfred Kroger, Ph.D.

Scientific Editor, Comprehensive Reviews in Food Science and Food Safety
Professor of Food Science Emeritus
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ANEXO D — Comprovante de aceite do artigo publicado no periodico International
Journal of Food Microbiology (ISSN 0168-1605).

M Gma” Jossana Sousa <jossanasousa@gmail.com>

Enc: Your Submission

Evandro de Souza <evandroleitesouza@hotmail com: 11 de setembro de 2016 11:26
Para: Jossana Sousa <jossanasousa@gmail.com:

De: ees food 6. 3bebae 4852aab7@eesmail elsevier.com <ees food 6f 3bebae. 4852aab7@
eesmail.elsevier.com:= em nome de Luca Cocolin <lcocolin@gmail.com:=

Enviado: domingo, 11 de setembro de 2016 14:03:39

Para: evandroleitesouza@hotmail.com

Assunto: Your Submission

Ms_ Ref No: FOOD-D-16-00591R3

Title: The efficacy of Mentha arvensis L. and M. piperita L. essential oils in reducing pathogenic bacteria
and maintaining quality characteristics in cashew, guava, mango, and pineapple juices

International Journal of Food Microbiology

Dear Dr. Evandro de Souza,

| am pleased to inform you that your paper "The efficacy of Mentha arvensis L. and M. piperita L. essential
oils in reducing pathogenic bacteria and maintaining quality characteristics in cashew, guava, mango, and
pineapple juices" has been accepted for publication in International Journal of Food Microbiclogy.

Your accepted manuscript will now be transferred to our production department and work will begin on
creation of the proof. If we need any additional information to create the proof, we will let you know. If not,
you will be contacted again in the next few days with a request to approve the proof and to complete a
number of online forms that are required for publication.

Further information on the handling of your manuscript as well as the scheduled time of publication may be
obtained at: http://authors.elsevier.com

When your paper is published on ScienceDirect, you want to make sure it gets the attention it deserves. To

help you get your message across, Elsevier has developed a new, free service called AudioSlides: brief,

webcast-style presentations that are shown (publicly available) next to your published article. This format

gives you the opportunity to explain your research in your own words and attract interest. You will receive
an invitation email to create an AudioSlides presentation shortly. For more information and examples,
please visit hitp:/fwww elsevier com/audioslides.

Yours sincerely,

Chris W Michiels, PhD
Editor
International Journal of Food Microbiology
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ANEXO E — Comprovante de submissao do artigo no periodico Food Microbiology

(ISSN 0740-0020).

07/07/2017 Gmail - Fwd: Successfully received: submission Investigation of damage to Escherichia coli, Listeria monocytogenes and Salmonella Ente...

| - l Gmall Jossana Sousa <jossanasousa@gmail.com>
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Dear Dr. de Souza,

Thank you for submitting your manuscript for consideration for publication in Food Microbiology.
Your submission was received in good order.

To track the status of your manuscript, please log into EVISE® at: http://www.evise.com/evise/
faces/pages/navigation/NavController jspx?JRNL_ACR=FM and locate your submission under
the header 'My Submissions with Journal' on your 'My Author Tasks' view.

Thank you for submitting your work to this journal.

Kind regards,
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