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RESUMO

As azeitonas de mesa sdo um produto fermentado obtido a partir dos frutos da oliveira
(Olea europaea L.), que podem conter microrganismos com propriedades funcionais.
Este trabalho avaliou a diversidade microbiana e caracteristicas fisico-quimicas de
frutos frescos e durante a fermentacdo de azeitonas de mesa brasileiras e selecionou
microrganismos potencialmente probidticos. Leveduras, bactérias mesofilas e bactérias
do éacido latico (BAL) foram isoladas de azeitonas das cultivares Grappolo 541 e
Ascolano, protegidas pela Empresa de Pesquisa Agropecuaria de Minas Gerais
(EPAMIG) e mantidas em cole¢do na Fazenda Experimental de Maria da Fé — Minas
Gerais- Brasil. Os isolados foram identificados por técnicas polifasicas: analise por
espectrometria de massa, pela anélise de perfil de proteinas ribossomais (Maldi-Tof
MS) e sequenciamento de DNA. As analises quimicas foram determinadas por
cromatografia liquida de alta eficiéncia (HPLC). Foram identificadas 20 espécies de
bactérias mesofilas, 7 espécies de BAL e 14 espécies de leveduras. Algumas espeécies,
como Lactobacillus brevis, L. paracasei, Pantoea Agglomerans, Staphylococcus
warneri, Candida parapsilosis, C. orthopsilosis, Cryptococcus flavescen, Bacillus
simplex e B. thuringiensis prevaleceram sobre outras. Os acUcares glicose e manitol
foram os principais agUcares presentes na azeitona de mesa. Os 4cidos acético, citrico e
lactico foram os acidos detectados em concentraces mais elevadas. Dos
microrganismos isolados, foram testadas 14 BAL e 18 leveduras em relacdo ao
potencial probiotico. Seis BAL e seis leveduras mostraram propriedades potenciais para
uso como probioticos: as bactérias Lactobacillus pentosus CCMA 1768; L. paracasei
CCMA 1771; L. paracasei CCMA 1774; L. paracasei CCMA 1770; L. brevis CCMA
1766, L. brevis CCMA 1762, e as leveduras Saccharomyces cerevisiae CCMAL1746,
Pichia guilliermondii CCMA1753, Candida orthopsilosis CCMA1748, C. tropicalis
CCMAL1751, Meyerozyma caribbica CCMAL1758 e Debaryomyces hansenii
CCMAL761. Esses microrganismos demonstraram capacidade de suportar condi¢oes
como as encontradas no trato gastrointestinal (pH baixo, sais biliares e temperatura de
37 ° C), e exibiram atividade antimicrobiana contra patdégenos. Com relacdo as
propriedades da superficie, os isolados apresentaram capacidade de autoagregacao,
coagregacdo com o patdgeno Escherichia coli e Salmonella Enteritidis, adesdo as
células Caco-2 e HT-29. A metodologia polifasica foi realizada com eficiéncia para
identificar os microrganismos neste trabalho e a anélise quimica ajudou a caracterizar as
azeitonas e o processo fermentativo. Esses achados sdo relevantes, caracterizando
azeitonas brasileiras inexploradas anteriormente. O conhecimento da microbiota nativa
presente nos frutos dessas azeitonas e das espécies envolvidas na fermentacdo e sua
evolucdo ao longo do processo pode ser Gtil para melhorar a qualidade das propriedades
sensoriais e preservacao deste produto. Além disso, a caracterizagdo da microbiota pode
resultar no isolamento de possiveis microrganismos biotecnologicamente importantes.
Com os testes preliminares in vitro, temos a indicagdo da seguranca e a funcionalidade
de bactérias do acido latico e leveduras isoladas de azeitonas de mesa fermentadas
brasileiras como potenciais candidatos probidticos.

Palavras chaves: Fermentacdo. Olea europaea. Lactobacillus. Probioticos.



ABSTRACT

Table olives are a fermented product obtained from the fruits of the olive tree (Olea
europaea L.), which may contain microorganisms with functional properties. This work
evaluated the microbial diversity and physicochemical characteristics of fresh fruits and
during the fermentation of Brazilian table olives and selected potentially probiotic
microorganisms. Yeasts, mesophilic bacteria and lactic acid bacteria (BAL) were
isolated from olives of Grappolo 541 and Ascolano cultivars, protected by the Minas
Gerais Agricultural Research Corporation (EPAMIG) and kept in collection at the
Maria da Fé Experimental Farm - Minas Gerais- Brazil. The isolates were identified by
polyphasic techniques: mass spectrometric analysis, ribosomal protein profile analysis
(Maldi-Tof MS) and DNA sequencing. Chemical analyzes were determined by high
performance liquid chromatography (HPLC). Twenty species of mesophilic bacteria,
seven species of BAL and fourteen species of yeast were identified. Some species, such
as Lactobacillus brevis, L. paracasei, Pantoea Agglomerans, Staphylococcus warneri,
Candida parapsilosis, C. orthopsilosis, Cryptococcus flavescen, Bacillus simplex and B.
thuringiensis, prevailed over others. Glucose and mannitol sugars were the main sugars
present in table olives. Acetic, citric and lactic acids were the acids detected at higher
concentrations. Of the isolated microorganisms, 14 BAL and 18 yeasts were tested for
probiotic potential. Six BAL and six yeasts showed potential properties for use as
probiotics: the bacteria Lactobacillus pentosus CCMA 1768; L. paracasei CCMA 1771;
L. paracasei CCMA 1774; L. paracasei CCMA 1770; L. brevis CCMA 1766, L. brevis
CCMA 1762, and the yeasts Saccharomyces cerevisiae CCMAL746, Pichia
guilliermondii  CCMA1753, Candida orthopsilosis CCMAL1748, C. tropicalis
CCMAL1751, Meyerozyma caribbica CCMAL1758 e Debaryomyces hansenii
CCMAL761. These yeasts demonstrated capacity to support conditions like those found
in the gastrointestinal tract (low pH, bile salts and temperature of 37 ° C), and exhibited
antimicrobial activity against pathogens. Regarding the surface properties, the isolates
showed autoaggregation capacity, coaggregation with E. coli and S. Enteritidis
pathogen, adhesion to Caco-2 and HT-29 cells. The polyphasic methodology was
efficiently performed to identify the microorganisms in this work and the chemical
analysis helped to characterize the olives and the fermentation process. These findings
are relevant, characterizing previously unexplored Brazilian olives. Knowledge of the
native microbiota present in the fruits of these olives and the species involved in
fermentation and its evolution along the process can be useful to improve the quality of
sensory properties and preservation of this product. In addition, microbiota
characterization may result in the isolation of possible biotechnologically important
microorganisms. Preliminary in vitro tests indicate the safety and functionality of lactic
acid bacteria and yeasts isolated from Brazilian fermented table olives as potential
probiotic candidates.

Keywords: Fermentation. Olea europaea. Lactobacillus. Probiotics
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PRIMEIRA PARTE

1. INTRODUCAO

Segundo a Norma Portuguesa NP — 3034 (1987), entende-se por “Azeitonas de mesa” o
produto preparado a partir de frutos de variedades apropriadas da espécie Olea europaea L.,
em estado de maturacdo conveniente, submetidos a tratamentos e operacdes que assegurem as
suas caracteristicas e boa conservacao.

Tal conservagédo pode ocorrer por processos fermentativos, no qual a azeitona de mesa
fermentada possui um aroma caracteristico resultante do equilibrio entre um conjunto de
compostos volateis como hidrocarbonetos, aldeidos, alcoois (etanol), ésteres, cetonas, e outros
compostos. A formacao destes compostos é um processo dinamico desenvolvido ao longo da
fermentacdo pela microbiota presente, composta principalmente por bactérias acido lacticas e
leveduras (SABATINI et al., 2008).

A fermentacdo das azeitonas pode ser realizada de duas maneiras: pelo processo
tradicional, através da fermentacdo espontanea, ou pela adi¢do de cultura starter (PERES et
al.,, 2012). A fermentacdo caracteriza-se por ocorrer em 3 fases distintas em que 0s
microrganismos v&o sucedendo (FERNANDEZ et al., 1997). Numa primeira fase ocorrem as
bactérias Gram negativas, frequentemente membros da familia Enterobacteriaceae e bactérias
Gram positivas. A segunda fase é caracterizada por um crescimento de bactérias acido lacticas
e de leveduras e um decréscimo de bactérias Gram negativas. Na terceira fase, € observado
um alto crescimento de Lactobacillus, tornando-se o grupo de microrganismos predominante,
existe também o crescimento simultdneo de leveduras responsaveis pela producdo de
compostos que conferem cheiro e sabor desejaveis nas azeitonas (PANAGOU et al., 2006;
HUTKINS, 2006).

Como a azeitona € um produto tradicionalmente fermentado, esta pode conter
microrganismos com propriedades funcionais a serem pesquisados, existindo um grande
interesse nesses tipos de alimentos (AYENI et al., 2011). Alimentos suplementados com
culturas com potencial probidtico tem assumido um relevante espaco na area cientifica e
tecnoldgica, impulsionando investigacdes no seu desenvolvimento, onde 0s microrganismos
isolados de alimentos fermentados tém demonstrado, em estudos in vitro, compatibilidade
com a microbiota intestinal humana, além de melhoria na sobrevivéncia (RIVERA-
ESPINOZA; GALLARDO-NAVARRO, 2010).



Probioticos sdo definidos como microrganismos vivos, que podem desempenhar um
papel bioldgico benéfico, quando administradas em doses adequadas. (HILL, et al. 2014).
Esses microrganismos benéficos interagem com as superficies epiteliais no corpo humano,
impedindo adesdo e invasdo de patdgenos, melhorando a integridade e controlando a
permeabilidade das barreiras epiteliais (GIORGETT et al., 2015).

Assim a selecdo de microrganismo com potencial probidtico nas azeitonas de mesa
se torna um desafio ja que esse produto de origem vegetal ainda é pouco explorado no que se

refere a microbiota potencialmente probidtica.

2. REFERENCIAL TEORICO

2.1 Caracteristicas da oliveira e da azeitona, producéo e consumo

A oliveira (Olea europaea L.) é uma cultura tipica de climas mediterraneos,
caracterizados por invernos suaves, com temperaturas ndo inferiores a 0 © C, e por verdes
Secos e guentes, que atingem temperaturas superiores a 16°C. Para o cultivo da oliveira uma
precipitacdo de 400-600 mm ja é suficiente para o desenvolvimento da planta (SERAFINI et
al., 2007).

As azeitonas de mesa sdo um vegetal fermentado com uma influéncia pronunciada na
dieta e cultura mediterranea. Atualmente, a producdo mundial ultrapassa 2,5 milhdes de
toneladas / ano (I0C, 2019).

A produgdo mundial de azeitonas de mesa em quase 30 safras teve uma evolugédo
constante e regular, multiplicando-se durante esse periodo em 3.1, passando de uma producao
de 950.000 toneladas em 1990/91 para aproximadamente 2.953.500 toneladas em 2018/19. Os
dados da producdo mundial de azeitonas de mesa e producdo dos paises membros do
Conselho Oleicola Internacional (IOC) no periodo de 1990/91 a 2017/18 estdo dispostos na
figura 1.

Os paises produtores europeus apresentaram um crescimento total de 4% na producéo
de azeitonas, sendo que a Espanha sofreu uma redugdo de 6% na producdo de azeitonas
enquanto Italia e Portugal obtiveram um aumento de 20% e 18%, respectivamente. Ocorreu
tambem um crescimento individual de outros paises tais como Argentina, Egito, Israel,

Jordania, Libano, Marrocos, Tunisia e Turquia



O consumo mundial de azeitonas de mesa aumentou, juntamente com a producéo, nas
ultimas 30 safras, multiplicando-se por 2,86 e aumentou 186 % durante o periodo 1990/91 —
2017/18. Alguns paises que se destacaram no aumento da producédo, aumentaram fortemente o
seu consumo, entre eles, o Egito que passa de consumir 11.000 ton em 1990/91 para 450.000
ton em 2017/18. A Argélia passa nesse periodo de 14.000 ton para 280.000 ton e a Turquia de
110.000 ton para 355.000 tonelada. Além disso, os paises da Unido Europeia como um todo,

aumentam o consumo, passando de 346.500 para 585.000 toneladas. (10C,2018).

35000
3000,0
2500,0
2000,0

1566,0
‘World Totsl

1000,0 Totsl BIC Mambar

500,0

0.0

*?f&*?’k"ﬁ?’k?*?\“a*?“x@xu
A A T

Figura 1 Producdo mundial de azeitonas de mesa entre 1990/1 a 2017/18 Fonte: 10C, 2018

A cultura da oliveira se adaptou a diversas regides da América do Sul. Varios paises
que possuem condicdes favoraveis cultivam oliveiras para producdo de azeitonas e azeite. Nas
Américas, a cultura da oliveira foi introduzida, primeiramente, no México, nos Estados
Unidos e no Peru, difundindo-se a partir dai para o Chile e a Argentina (OLIVEIRA et al.,
2012).

Diversos sdo os desafios para conseguir a adaptabilidade da oliveira no Brasil, uma
vez que a cultura ndo € tradicionalmente produzida no pais. Estes desafios englobam a escolha
da melhor variedade, plantio e manejo dos olivais. A temperatura é o fator ambiental mais
importante e que limita a area de producéo das oliveiras em condi¢des subtropicais. A planta
de oliveira requer um periodo de inverno com temperaturas entre 5° e 7° C, e alternancia de
temperaturas entre o dia e a noite que varia entre 4° a 18° C para a transformacdo de gemas

vegetativas em gemas florais. No Brasil, tais condi¢cdes ocorrem em microclimas como &reas
10



montanhosas, com altitudes acima de 1000 m e/ou &reas mais ao sul do pais com clima
subtropical temperado. (TERAMOTO, 2013).

Assim, com a identificacdo das caracteristicas de solos e climas regionais, que sdo
fatores importantes para determinar as regidoes aptas ao cultivo da oliveira no Brasil,
particularmente relacionados a presenca de baixas temperaturas, foram realizados plantios
comerciais nas regides Sudeste e Sul do pais, tendo destaque os estados de Minas Gerais e
Rio Grande do Sul, predominando a variedade “Arbequina”, com 50% do plantio, seguido da
variedade “Grappolo”, com 20 % do plantio, e o plantio da variedade Maria da F¢é abrange
cerca de 10% a 20% do plantio sdo de outras variedades como Arbosana, Koroneiki e
Ascolano, onde se contabilizam uma &rea de aproximadamente de 505 ha. (OLIVEIRA et al.
2012).

De acordo com a Associacdo dos Olivicultores dos Contrafortes da Mantiqueira, MG,
que conta com 60 associados, o plantio de oliveira na Regido Sudeste esta difundido em 40
municipios, com cerca de 400 ha, abrangendo o estado de Minas Gerais e Sdo Paulo. Minas
Gerais é referéncia nacional no estudo da oliveira, ndo existindo nenhum outro estado no
Brasil com a diversidade de gendtipos que sdo encontrados na Fazenda Experimental de
Maria da Fé da EPAMIG- Empresa de Pesquisa Agropecuéria de Minas Gerais (OLIVEIRA
et al. 2012).

As importagOes de azeitonas de mesa nos primeiros seis meses do ano de 2017/18
safra (setembro de 2017-fevereiro de 2018) mostraram aumento de 5% no Canada e queda em
outros mercados tais como Australia, Brasil e Estados Unidos, diminuindo 8%, 5% e 4%,
respectivamente, no total de importacbes em comparacdo com o mesmo periodo do ano de
colheita anterior. O Brasil € o segundo maior importador de azeitonas, € 0 consumo per capita
do pais € de 0,5kg hab.™. Mesmo em face do crescimento observado no consumo de azeites e
azeitonas, os indices brasileiros encontram-se ainda bem distantes daqueles observados em
outros paises, sobretudo os da Europa e mediterraneo. A figura 2 representa as importaces
brasileiras no periodo de Mar¢o/2019 a Junho/2019, de acordo com a I0OC (2019).

11
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Figura 2 Importacdo de azeitonas Marco de 2018- junho de 2019 Fonte: I00C (2019)

Os principais fornecedores de azeitonas para o Brasil sdo os paises Argentina,
Espanha, Portugal, Peru, e o Chile, sendo a Argentina é o principal fornecedor,
correspondendo a 79,5% das importacfes. A proximidade dos paises e 0s aspectos tarifarios,
principalmente com advento do MERCOSUL, contribuiram para o fato (MDIC, 2014).

A azeitona consta na lista dos produtos que compuseram o valor da produgéo
agropecuéria do Brasil desde 2011, passando a ter sua producdo computada nos
levantamentos do IBGE. Os ultimos dados divulgados estdo dispostos na Tabela 1.

Tabela 1 Area plantada ou destinada & colheita, area colhida, quantidade produzida,
rendimento médio, valor da producdo de Azeitonas - Brasil -2016,2017 e 2018.

Dados Azeitonas Brasileiras 2016 2017 2018
Area (ha) Plantada/Colhida 575/574 963/946 1122/1116
Quantidade produzida (t) 647 1250 1620
Rendimento médio (kg/ha) 1127 1321 1452
Valor da producéo (1 000 R$) 1636 2779 3521

Fonte: Adaptada de IBGE, Diretoria de Pesquisas, Coordenacdo de Agropecuaria, Producédo
Agricola Municipal 2016,2017,2018. (1) A area plantada refere-se a area destinada a colheita

no ano. (2) Quantidade produzida em 1 000 frutos e rendimento médio em frutos por hectare.

12



2.2 A azeitona de mesa

A azeitona (Olea europaea L.) € uma drupa ovalada de cor verde que passa a violacea
ou preta quando atinge o amadurecimento. Pesa entre 1,5 e 12 g onde a polpa constitui cerca
de 70 a 88% do fruto. A polpa da azeitona é maioritariamente constituida por agua, de 70 a
75%, e uma fragdo de lipideos variando entre 12 a 30%, dependendo do grau de maturacao
das azeitonas e da variedade (BIANCHI, 2003; PINHEIRO et al., 2005). Apresenta um teor
relativamente baixo em agucares (2-5%), prevalecendo a glucose (1 a 3% do peso da polpa) e
a frutose (0,1 a 1,1%) comparativamente a sacarose e ao manitol, e em proteinas (3%), sendo
o restante constituido por fibras e minerais (Fernandez et al., 1997; Bianchi, 2003; Conde et
al., 2008; Sakouhi et al., 2008).

Entende-se por “Azeitonas de Mesa”, o produto preparado a partir de frutos, em estado
de maturagdo conveniente, que sdo escolhidos para a producdo de azeitonas cujo volume,
relagdo polpa/carogo, caracteristicas da polpa, firmeza e facilidade de desprendimento do
caroco as tornam adequadas para o0 processamento, submetidos a tratamentos e operagfes que
assegurem as suas caracteristicas e boa conservagdo de modo a remover 0 seu amargor € a
torna-los ediveis. Estas sdo preservadas por fermentacdo natural ou por tratamento térmico,
com ou sem adi¢do de conservantes e embalados, com ou sem um meio liquido (NORMA
PORTUGUESA -3034, 1987).

Tem-se que as azeitonas de mesa sdo frutos de variedades cultivadas, sadios no estado
de maturacdo e qualidade adequados tal que, sdo submetidos a procedimentos de elaboracéo,
originando um produto de consumo e de boa conservagdo. Estas preparagGes podem,
eventualmente, incluir a adicdo de diversos produtos ou aromatizantes (INSTITUTO DE LA
GRASA, 2014).

De acordo com o Codex Alimentarius (2010) e a NP- 3034 (1987), as azeitonas de
mesa, assim como todos os produtos de origem alimentar, devem estar isentas de
microrganismos patogénicos, bem como de suas toxinas, ou de qualquer outro agente
contaminante, podendo, no caso de azeitonas fermentadas e conservadas, encontrar no
produto microrganismos que estdo envolvidos no processo fermentativo, nomeadamente as
Enterabacteriaceae, bactérias acido-lacticas e leveduras (ARROYO-LOPEZ et al., 2010;
BAUTISTA-GALLEGO etal., 2011; PANAGOU et al., 2008).

A azeitona de mesa pode ser classificada de acordo com o grau de maturacdo, o

processamento tecnologico e a forma de apresentagcdo. O Conselho Oleicola Internacional
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(I0C, 2004), entidade que regula o setor dos azeites e da azeitona de mesa a nivel
internacional, considera trés tipos de azeitona de mesa, de acordo com seu grau de maturagédo
(Tabela 2).

Tabela 2 Classificacdo da azeitona de mesa quanto ao grau de maturacao

Tipo de e
_ Classificacao
azeitona
Colhida durante o periodo de amadurecimento e que tenha atingido o tamanho
Verde normal (aproximadamente 3g a 5g). A cor do fruto pode variar de verde a
amarelo-palha;
Mist Obtida a partir de frutos colhidos antes de atingirem a completa maturagdo, com
ista
uma cor variavel entre tons rosados e acastanhados;
Preta Colhida completamente madura ou ligeiramente antes. A cor do fruto pode

variar de avermelhado-escuro a castanho-escuro, passando por tons violaceos.

Fonte (10C, 2004)

A conservacdo de azeitonas de mesa pode ser realizada em salmoura, em sal, em
atmosfera modificada, através de processos térmicos, com conservantes ou ainda através da
adicdo de agentes acidificantes (I0OC, 2004). Em consideracdo aos diferentes processos
tecnoldgicos, a azeitona pode ter diferentes designacdes, entre as quais: azeitona curada em
salmoura, azeitona ao natural em salmoura, azeitona escurecida por oxidacdo e azeitona

desidratada e/ou enrugada (Tabela 3).
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Tabela 3 Classificacdo da azeitona de mesa relativamente ao processo tecnolégico

Tipo de azeitona Classificacdo

E submetida a um tratamento alcalino,
_ embalada em salmoura, onde ocorre
Azeitona curada em salmoura y )
fermentacao parcial ou completa, e conservada

ou néo por agentes acidificantes;

Diretamente colocada em salmoura, onde
Azeitona ao natural em salmoura ocorre fermentagéo parcial ou completa, e

conservada ou ndo por agentes acidificantes;

Obtida a partir de frutos que ndo atingiram a

maturacdo completa e escurecida mediante
Azeitona escurecida por oxidacéo oxidacdo apos o tratamento alcalino. Deve ser
acondicionada em salmoura e preservada por

esterilizacdo. A sua cor preta € homogénea;

E submetida ou ndo a um tratamento alcalino,
) ) conservada em salmoura ou parcialmente
Azeitona desidratada e/ou enrugada _ )
desidratada em sal seco e/ou por aquecimento

ou por qualquer outro processo tecnoldgico.

Fonte (IOC, 2004)

As azeitonas em salmoura s@&o um dos tipos de fabricagdo mais utilizados
comercialmente, esta preparacdo em salmoura é de grande importancia para a qualidade do
produto final, pois a concentracdo de sal contribui para a reducdo da atividade da agua
retardando ou interrompendo a atividade de microrganismos indesejaveis que possam causar
deterioracdo nas azeitonas. Tem-se que a salmoura estimula a acdo de microrganismo que sao
responsaveis pelo processo fermentativo e também pela reducdo do sabor amargo, causado
pelo composto fenolico oleuropeina. Além disso a salmoura contribui para a reducdo do pH,
aumento da forca idnica da solucdo, difusdo de componentes soltveis e reducéo a solubilidade
do oxigénio na agua, assegurando assim a seguranca do produto final durante o periodo de
armazenamento (BAUTISTA-GALLEGO et al., 2011; COI, 2014; PANAGOU et al., 2011).
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O aroma caracteristico das azeitonas de mesa fermentadas resulta do equilibrio entre
um conjunto de compostos volateis como hidrocarbonetos, alcoois (etanol), cetonas, aldeidos,
ésteres entre outros compostos. A formacdo destes compostos € um processo dinamico
desenvolvido ao longo da fermentacdo pela microbiota presente principalmente composta por
bactérias &cido lacticas e leveduras (SABATINI et al., 2008). O etanol é responsavel
principalmente pelo odor caracteristico do produto final, entre outras propriedades
organolépticas, sendo um dos produtos finais do metabolismo das leveduras podendo também
ser produzido por BAL heterofermentativas (TASSOU et al., 2002).

No final do processo de fermentacdo, as azeitonas submetidas a uma fermentagéo
natural, devem apresentar uma percentagem minima de 6% de NaCl, um pH méaximo de 4,3 e
uma percentagem de acidez de 0,3 % &cido lactico (p/v), para garantir uma boa conservacgéo e
propriedades caracteristicas do produto. As azeitonas e a salmoura devem estar isentas de
qualquer tipo de deterioracdo microbiana, bem como estar livres de microrganismos
patogénicos e metabolitos produzidos pelos mesmos. O volume de produto coberto com
salmoura ndo deve nunca ocupar menos de 90% do volume total do recipiente de embalagem
(I0C, 2004).

2.3 Producéo industrial de azeitonas

Nas industrias de azeitonas, as azeitonas sao colhidas nos olivais e transportadas para a
industria. Ap@s a entrada na indastria, as azeitonas sofrem um tratamento alcalino, também
conhecido como adogcamento, com uma solucdo de hidréxido de sdédio (NaOH) de
concentra¢do 1,5%-3,5%, num periodo de tempo de 6-10 horas. Esta operacdo tem como
objetivo remover o sabor amargo, causado pela oleuropeina, e 0s agucares, transformando-os
em &cidos organicos que favorecem a fermentacdo lactica e aumentam a permeabilidade do
fruto (10C, 2014). Esta etapa também é fundamental para eliminacdo de alguns compostos
fendlicos que sdo toxicos para microrganismos e fornecer a0 meio nutrientes necessarios para
0 crescimento dos microrganismos durante o processo fermentativo.

As azeitonas sdo mantidas submersas nesta solucdo até o NaOH penetrar 2 /3 da
distancia da epiderme ao carogo, onde o NaOH demora aproximadamente de uma a duas
horas a penetrar na epiderme da azeitona. A temperatura Otima para que ocorra estd
penetracdo é de 30°C. Em seguida, as azeitonas sofrem duas ou trés lavagens, com o objetivo
de remover o excesso de NaOH (IOC, 2014; INSTITUTO DE LA GRASA, 2014). A primeira
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lavagem dura aproximadamente duas a trés horas, onde o hidroxido de sédio continua a
penetrar na azeitona, ja a segunda lavagem dura entre 10 e 12 horas, também se aplica a op¢do
de lavagem unica durando aproximadamente entre 12 e 14 horas.

Posteriormente, as azeitonas s@o imersas em salmoura com concentracao inicial de 10-
12% (p/v) de cloreto de sodio (NaCl). Logo apos a colocagdo em salmoura, é recomendado
esperar aproximadamente uma hora para atingir um equilibrio osmético, a fim de que a
salmoura se transforme em um meio de cultura propicio ao desenvolvimento de
microrganismos responsaveis pela fermentacdo das azeitonas, em seguida inicia-se 0 processo
fermentativo das azeitonas. Como consequéncia do crescimento microbiano, os substratos
presentes nos frutos se transformam em diferentes produtos metabdlicos, os quais constituem
0 processo fermentativo das azeitonas. Em processos industriais € requerida a reposicdo
periddica da salmoura para manter sempre as azeitonas cobertas, evitando assim o
escurecimento dos frutos e aumentando a concentragdo salina.(OLIVEIRA, et. al. 2012).

Uma fermentacdo adequada ocorre no minimo em 90 dias. Apds esse periodo, as
azeitonas sdo lavadas, selecionadas e calibradas. A salmoura é substituida e as azeitonas
podem ser embaladas inteiras, descarocadas, com recheio, entre outras formas. Antes de
serem embaladas as azeitonas devem ser agrupadas de acordo com a cor, textura e sabor.
Muitas indUstrias empregam o processo de pasteurizacdo a 80°C para melhor conservagdo do
produto. A salmoura utilizada no embalamento deve ter uma acidez em torno de 0,4 a 0,7%, e
uma concentracdo de NaCl de aproximadamente 0,5 a 3,5% e nesta salmoura pode-se ou nao
adicionar conservantes como acido ascérbico ou benzoico ou 0s seus sais de sodio e potassio.
(OLIVEIRA, et. al. 2012).

2.4 Métodos de processamento de azeitonas de mesa

O processamento da azeitona tem como principal objetivo a remocéo do sabor amargo
caracteristico dos frutos por hidrolise/difusdo dos compostos fenolicos, especialmente o
composto oleuropeina (APONTE et al., 2010). Independentemente do tipo de processamento
adotado, este deve ser realizado respeitando o cédigo de boas préaticas sanitarias, de modo a
garantir caracteristicas quimicas e microbiologicas do produto (DABBOU et al., 2012).

Considerando os varios tratamentos que podem ser aplicados nas azeitonas de mesa,
0s que apresentam maior importancia a nivel mundial sdo o Sevilhano ou Espanhol (azeitonas

verdes), o Californiano ou Americano (azeitonas pretas oxidadas) e o Grego (de fermentagéo
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natural) (BAUTISTA-GALLEGO et al., 2011; DABBOU et al., 2012; GHANBARI et al.,
2012; TOFALO etal., 2012a).

Nas azeitonas processadas através do método Espanhol (azeitonas verdes) a
fermentacdo € conduzida majoritariamente por BAL enquanto nas azeitonas processadas
através do método Grego (fermentacdo espontinea) os microrganismos responsaveis pela
fermentacdo sdo leveduras e bactérias acido lacticas, que constituem uma fracdo da
microbiota total (CAMPANIELLO et al., 2005).

Para a preparacdo de azeitonas de fermentacdo natural espontanea, os frutos colhidos
sdo lavados com agua para remover a sujidade superficial e colocadas em salmoura com uma
concentracdo de sal que pode variar de 6% a 10% (NYCHAS et al., 2002). Em seguida,
inicia-se 0 processo de fermentacao "espontanea”, conduzida majoritariamente por leveduras,
bactérias gram-negativas e bactérias acido-lacticas (APONTE et al.,, 2010, NOUT,
ROMBOUTS, 2000; OLIVEIRA et al., 2004; PIGA et al., 2005; PANAGOU et al., 2011).
Esta microbiota é determinada pelo substrato disponivel para o crescimento dos
microrganismos, pela concentracdo de sal e também pela temperatura, pH, condi¢Ges de
anaerobiose ou aerobiose, e presenca de compostos antimicrobianos, como por exemplo 0s
compostos fenolicos (NYCHAS et al.,, 2002; PANAGOU et al., 2008; TOFALO et al.,
2012h).

A fermentagdo espontdnea é um processo moroso, essencialmente devido a lenta
difusdo dos acgUcares e de outros compostos sollveis através da epiderme da azeitona para a
salmoura, e devido a presenca do composto oleuropeina e outros compostos fenolicos que
apresentam atividade antimicrobiana, sendo o equilibrio alcancado depois de alguns meses de
fermentacdo. As leveduras, que estdo envolvidas no processo de fermentacdo de azeitonas de
mesa, produzem-compostos volateis e metabolitos com atributos organolépticos importantes
que determinam a qualidade e o sabor do produto final (HERNANDEZ et. al., 2007;
ARROYO-LOPEZ et al., 2008). Algumas espécies estdo associadas & hidrélise de oleuropeina
(composto fendlico responsavel pelo amargor caracteristico dos frutos frescos da azeitona),
catalisada pela enzima glicosidase, contribuindo para a remog&o do amargor que esta presente
naturalmente nas azeitonas. Entretanto, algumas estirpes de microrganismos podem ser
deteriorantes no processo de fermentacao das azeitonas causando formacéo de gases, turvagédo
da salmoura, amolecimento da polpa, producdo de sabores e odores indesejaveis ou
abaulamento das embalagens (ARROYO-LOPEZ et al., 2008).
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Alguns géneros de leveduras que podem ser encontradas na fermentacdo de azeitonas
sdo Pichia, Candida, Kluyveromyces, Cryptococcus, Saccharomyces, Trichosporum,
Debaryomyces, Rhodoturula, Torulaspora (HERNANDEZ et al., 2007). As espécies Pichia
anomala, Pichia membranaefaciens, Candida boidinii, Debaryomyces hansenii,
Rhodothorula glutinis e Saccharomyces cerevisiae usualmente j& foram encontradas em
diversos processos de fermentagdo de azeitonas (ARROYO-LOPEZ et al.,, 2008b;
RODRIGUEZ-GOMEZ et al., 2010).

Ao final do processo fermentativo, as azeitonas fermentadas naturalmente apresentam
um sabor mais acentuado com um ligeiro amargor, devido especificamente a presenca de
polifendis residuais, que resulta em azeitonas com alto valor nutritivo, textura e cor
caracteristica (BARRANCO et al.,, 2001; ROMERO et al., 2004; KANAVOURAS et al.,
2005; CABEZAS, 2011; PANAGOU et al., 2011).

Nas azeitonas verdes, também denominadas azeitonas verdes curadas em salmoura,
azeitonas verdes estilo Sevilhano ou Espanhol, as azeitonas sdo colhidas quando atingem uma
cor verde-amarelada, e submetidas a um tratamento anaerébio com NaOH durante algumas
horas. A solucgdo alcalina € retirada e as azeitonas sdo lavadas repetidamente com agua, que
remove parte da oleuropeina e os seus produtos de hidrdlise, outros polifendis e alguns dos
acucares fermentaveis (FERNANDEZ et al., 1997). Em seguida, os frutos s&o colocados em
salmoura, contendo 7% a 10% de NaCl, para que ocorra o processo fermentativo (NOUT,
ROMBOUTS, 2000). Uma vez fermentadas, as azeitonas séo selecionadas e classificadas por
tamanhos para serem embaladas, podendo ou ndo ocorrer uma pasteurizacao.

No processamento das Azeitonas pretas oxidadas, também conhecido por Estilo
Californiano ou Americano, as azeitonas utilizadas s&o colhidas, antes de atingir sua plena
maturacdo (REJANO et al., 2010). As azeitonas pretas sao submetidas a tratamento aerdbico
com NaOH para eliminacdo dos compostos amargos e uniformizacdo da cor. Antes do
processamento as azeitonas podem, se necessario, ser conservadas varios meses sob condigdes
anaerobias numa salmoura, assim séo imersas em uma solugdo contendo NaCl 8-10% (p/v)
sem pre-tratamento com solucdo de NaOH, ocorrendo entdo uma fermentacdo natural que
envolve uma microbiota mista de bactérias Gram negativas, bactérias acido lacticas e
leveduras. Ap6s um periodo inicial de fermentagdo vigorosa, bactérias acido lacticas e
leveduras coexistem até ao fim do processo (NISIOTOU et al., 2009, NYCHAS et al., 2002;
PANAGOU et al., 2008).
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No processamento no Estilo Californiano ou Americano as azeitonas sdo sujeitas a
tratamentos sucessivos com solugbes de NaOH, por diferentes periodos de tempo, para que
ocorra uma penetracéo progressiva desde a pele a polpa e, por fim, ao caroco. No fim de cada
tratamento alcalino as azeitonas sdo lavadas com &gua, juntamente com injecdo de ar sob
pressdo. Este tratamento alcalino aerébio permite o escurecimento progressivo da pele e da
polpa do fruto. Depois da obtencéo da cor almejada, as azeitonas pretas ainda séo lavadas e
arejadas até atingir aproximadamente um pH 8 (MARSILIO et al., 2001). A coloragédo negra
obtida nas azeitonas € instavel e pode perder-se ao longo da vida atil do produto acabado,
assim na Ultima &gua utilizada para a lavagem final das azeitonas, sdo adicionados 0,1% de
gluconato ferroso para estabilizar a cor alcancada e desejavel na oxidacio (FERNANDEZ et
al., 1997).

O processo de fermentacdo de azeitonas de modo geral varia entre 3 a 4 semanas, mas
também pode levar mais de um ano, dependendo dos fatores intrinsecos pH, atividade de
agua, difusdo de nutrientes da polpa, e dos extrinsecos como temperatura, disponibilidade de
oxigénio, concentracdo de NaCl e do numero de microrganismos presentes (LUH,
WOODROOF,1988; HURTADO et al., 2008).

2.5 Probiodticos

Atualmente, os consumidores estdo se tornando mais conscientes da salde e
preocupados com o valor benéfico dos alimentos, direcionando assim os fabricantes a
enfatizar a promocdao de alimentos funcionais. Portanto, a chave para o sucesso do marketing
e a aceitacdo de novos alimentos depende ndo apenas do conceito de qualidade dos alimentos
em toda a cadeia, mas também das funcionalidades dos alimentos com valor agregado
(KHEDKAR, et al. 2017). O desenvolvimento de formula¢des probidticas de alimentos é uma
area de pesquisa essencial para o futuro mercado funcional de alimentos. As previsdes
econémicas esperam um aumento de 3,3 para 7 bilhdes de ddlares para o mercado global de
suplementos alimentares probioticos de 2015 a 2025 (STATISTA, 2019).

Segundo a Associagdo Cientifica Internacional para Probidticos e Prebidticos mantida
em 2014, a definicdo apropriada do termo probidtico consiste “Microrganismos vivos que,
qguando administrados em quantidade adequadas, conferem um beneficio a salde ao
hospedeiro” (HILL, et al. 2014). Diversas evidéncias indicam que o0s efeitos destes

probidticos no hospedeiro sdo especificos da cepa, isto é provavelmente devido aos diferentes
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mecanismos de acdo e producdo de diferentes metabolitos produzidos por cada
microrganismo (TORRES, et al. 2019).

Diretrizes e informacdes da Organizacdo das Nacbes Unidas para a Alimentacdo e
Agricultura (FAO) / Organizacdo Mundial da Saude (OMS) demonstram a necessidade de as
cepas probidticas permanecerem intactas no trato intestinal para garantir a saude promover
efeitos ao entrar no local de agdo, independentemente do modo de entrega aplicado. Por
exemplo, para garantir isso, foi afirmado que o chamado nivel “terapéutico minimo” de
probiGticos viaveis os microrganismos devem ter pelo menos 10° UFC / g de células viaveis
durante o prazo de validade do produto (NEFFE-SKOCINSKA, et al. 2018).

Tradicionalmente, existem muitas espécies diferentes de probidticos amplamente
utilizados. A levedura Saccharomyces cerevisiae (boulardii) € a cepa mais utilizada. Outros
probidticos bacterianos compreendem principalmente espécies de Lactobacillus e
Bifidobacterium. Estes incluem L. rhamnosus, L. plantarum, L. sporogens, L. reuteri, L.
casei, L. bulgaricus, L. delbrueckii, L. salivarius, L. johnsonii, e L. acidophilus. Além disso,
B. bifidum, B. bifidus, B. lactis, B. longum, B. breve (Yakult), e B. infantis também sao
comumente usados. Outros probidticos comercialmente disponiveis incluem Streptococcus
thermophilus, Streptococcus acidophilus, Lactococcus lactis, Enterococcus SF68 e
Escherichia coli Nissle 1917 (sorotipo O6: K5: H1) (FIJAN, 2017).

A microbiota intestinal normal desempenha um papel importante na manutencdo da
salde humana. Cepas de bactérias ou leveduras com o potencial probidtico comprovado
auxiliam na manutencdo da homeostase intestinal através de uma ampla gama de funcdes.
Devido ao avanc¢o das ferramentas de pesquisa, mais cepas com potencial probiético podem
ser caracterizadas e a suplementacdo a dieta com essas bactérias, ou leveduras tem melhorado
digestdo e saude dos seres humanos (KUMAR, et al.,2019).

A maioria dos microrganismos probioticos comercializados sdo originalmente isolados
de amostras de fezes humanas, de forma a maximizar a probabilidade de compatibilidade com
a microbiota intestinal e melhorar suas chances de sobreviver a esse ambiente. Entretanto,
microrganismos isolados de alimentos fermentados tém demonstrado habilidades probioticas
em estudos “in vitro”, portanto, os alimentos fermentados tradicionais constituem reservatorio
para pesquisas por novas cepas com novas propriedades funcionais (RIVERA-ESPINOZA,
GALLARDO-NAVARRO, 2010, AYENI et al., 2011).

Estudos de ecologia microbiana de processos fermentativos de azeitona evidenciam

uma sucessao de populagdes mistas (Enterobacteriaceae, bactérias lacticas e leveduras), bem
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como uma fonte promissora de novas estirpes de bactérias lacticas com aptiddo probidtica
(LAVERMICOCCA et al., 2002; HALLER et al. 2001; MORAD, NOUREDDINE, 2006;
BAUTISTA-GALLEGO et al., 2013; ARGYRI et al., 2013).

2.6 Potencial probiotico de microrganismos isolados de azeitonas

Alguns estudos ja foram realizados para avaliar a potencialidade probiotica de
microrganismos isolados da fermentacdo de azeitonas de mesa. No trabalho de Moreira
(2013) foi realizado um estudo in vitro das propriedades probidticas das bactérias lacticas
Lactobacillus pentosus B96, Lactobacillus plantarum 614 e Lactobacillus paraplantarum Al
isoladas de azeitonas ao natural. Foi verificado que estas cepas apresentam potencial
probidtico, e estas foram adicionadas as salmouras de fermentacdo (escala piloto), atuando
como culturas adjuntas, e os resultados sugerem que possuem propriedades tecnoldgicas
promissoras, nas quais a adicdo das cepas de L. pentosus B96 e L. paraplantarum Al
mantiveram boas caracteristicas organolépticas no produto.

Nesse mesmo estudo, foi analisado a viabilidade das bactérias com potencial
probidtico nas azeitonas fermentadas naturalmente durante 90 dias, ao fim desse periodo o
produto registrou a quantidade minima de bactérias lacticas exigida pela FAO/WHO para um
alimento probidtico (108 UFC/g) quando armazenado a 22 °C, assim este estudo sugeriu que a
azeitona ao natural, pode constituir um veiculo biol6gico eficiente para ingestdo de
probidticos, quando embalada em salmoura e conservada a temperatura ambiente.

As Dbactérias do 4cido lactico Leuconostoc mesenteroides, Leuconostoc
Pseudomesenteroides, Lactobacillus plantarum, Lactobacillus pentosus, Lactobacillus
paraplantarum e Lactobacillus paracasei subsp. Paracasei isoladas de azeitonas de mesa
foram testadas em relag¢&o ao seu potencial probidtico no trabalho de Argyri et al. (2013). As
espécies L. pentosus, L. plantarum e L. paracasei subsp. paracasei tiveram suas propriedades
probidticas in vitro desejaveis semelhantes ou até melhores que as estirpes probioticas de
referéncia utilizadas neste estudo (L. casei Shirota e L. rhamnosus).

No estudo realizado por Blana et al. (2014) o desempenho de duas cepas de bactérias
do é&cido lactico, nomeadamente Lactobacillus pentosus B281 e Lactobacillus plantarum
B282, previamente isolado de azeitonas de mesa fermentadas industrialmente e com potencial
probidtico in vitro comprovado, foram investigadas como culturas iniciadoras em fermentacéo

de estilo espanhol de azeitonas verdes da cv. Halkidiki (Grécia). A fermentacéo foi realizada a
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temperatura ambiente em duas concentragdes iniciais de sal diferentes (8% e 10%, p / v de
NaCl) nas salmouras. As cepas foram inoculadas isoladas e como culturas combinadas e a
dindmica populacional na superficie das azeitonas foi monitorada. Ambas as cepas probidticas
colonizaram com sucesso a superficie da azeitona em populacdes variando de 6,0 a 7,0 log
UFC / g ao longo da fermentagdo. A bactéria L. pentosus B281 apresentou maior contagem
em ambos os niveis de sal no final do processo fermentativo e foi dominante nas fermentacdes
onde as duas cepas foram utilizadas como culturas combinadas.

Bautista-Gallego et al. (2013) estudaram as potenciais propriedades probidticas de
bactérias do género Lactobacillus associados a azeitonas de mesa. Foram identificadas as
bactérias Lactobacillus pentosus, Lactobacillus plantarum e Lactobacillus paraplantarum. A
maioria apresentou alta capacidade de autoagregacdo, baixa hidrofobicidade e menor
sobrevivéncia para a digestdo gastrica do que para a pancreatica. A bactéria L. pentosus foi
caracterizada com um potencial promissor probidtico.

Rodriguez-Gomez et al. (2013) utilizaram quatro cepas de L. pentosus isoladas de
azeitonas de mesa da cultivar Manzanilla (Espanha) fermentadas pelo processamento estilo
espanhol como culturas iniciadoras em azeitonas. Estas bactérias foram selecionadas de
acordo com diversos testes fenotipicos in vitro relacionados ao potencial probiético, como
resisténcia a digestdo gastrica e pancreatica, auto-agregacdo, hidrofobicidade, producdo de
bacteriocinas, atividade hemolitica e capacidade de desconjugar o sal biliar e utilizados no
presente estudo como indculos. O experimento consistiu em um tratamento com fermentacéao
espontanea sem adicdo de microrganismos, e outros tratamentos com adi¢cdo das bactérias L.
pentosus. Quando comparado com 0 processo espontaneo, 0 uso desses microrganismos como
iniciador levou a maiores populagdes de bactérias de acido latico do que as populacdes de
leveduras, e uma diminuicdo nos niveis de Enterobacteriaceae e uma rapida acidificacdo das
salmouras. Diversos perfis genéticos entre as populacdes de bactérias do acido lactico foram
encontrados no final da fermentacéo.

Guantario et al. 2018, caracterizaram a nivel de especie de 49 cepas de bactérias do
acido latico (LAB) derivadas de azeitonas de mesa Nocellara del Belice fermentadas com os
métodos espanhol ou castelvetrano e cepas de L. pentosus e L. coryniformis foram submetidas
a triagem adicional para avaliar seu potencial probiotico, utilizando uma combinacdo de
abordagens in vitro e in vivo. O estudo revelou que uma linhagem de L. pentosus e uma de L.
coryniformis induziu significativamente efeitos de longevidade e protecdo contra infecgoes

mediadas por patdgenos em testes in vivo. Além disso, ambas as cepas exibiram adesdo as
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células epiteliais intestinais humanas Caco-2. No geral, os autores concluiram que esses
resultados sugerem caracteristicas benéficas para novas cepas de LAB, o que os torna
candidatos promissores como iniciantes para a fabricacdo de azeitonas de mesa fermentadas
com valor agregado probiotico.

No trabalho recente de Benitez-Cabello et al. 2019, isolados de BAL da superficie das
oliveiras das cultivares Manzanilla, Gordal e Alorefia, processadas como azeitonas verdes ao
estilo espanhol ou salgadas diretamente (naturais) foram estudados. L. pentosus Lpl3 (ou
LPG1) foi o gendtipo mais frequentemente encontrado durante fermentacdo e apresentou um
bom desempenho para muitos dos aspectos tecnoldgicos probidticos, apresentando potenciais
caracteristicas probidticas (resisténcia ao pH, auto e coagregagdo com espécies de leveduras,
sobrevivéncia a digestdo pancreatica, auséncia de resisténcia a antibioticos, inibicdo de
patdgenos, presenca de genes bsh, remocao de colesterol, etc.)

Uma colecdo de 31 linhagens de Lactobacillus pentosus isoladas de azeitonas verdes
de mesa Alorefia fermentadas naturalmente foi avaliada quanto ao seu potencial probiético no
trabalho de Montoro et al. 2016. Varias linhagens poderiam ser consideradas promissoras
probidticas, pois apresentavam boa capacidade de crescimento e sobrevivéncia em condi¢des
gastrointestinais simuladas (pH &cido de 1,5, até 4% dos sais biliares e 5 mM de nitrato), boa
capacidade de autoagregacdo e coagregacdo com bactérias patogénicas (Listeria innocua,
Staphylococcus aureus, Escherichia coli e Salmonella Enteritidis). Além disso, as cepas
exibiram aderéncia as linhas celulares intestinais e vaginais, atividade antagdnica contra
bactérias patogénicas, e capacidade de fermentar varios prebidticos. Os autores selecionaram
a cepa Lactobacillus pentosus CF2-10N apresentando o melhor perfil probiotico, sendo de
grande interesse em estudos futuros, e concluiram que as azeitonas de mesa Alorefia
fermentadas espontaneamente sdo consideradas uma fonte natural de microrganismos com
potencial probio6tico, como a espécie L. pentosus.

Nos ultimos anos, algumas pesquisas tém focalizado atencdo para determinar efeitos
favoraveis que as leveduras podem proporcionar ao processamento de azeitona de mesa, no
trabalho de Bonatsou et al. (2015) foram avaliados o potencial tecnoldgico (resisténcia a NaCl
e producdo de lipase, esterase e B-glucosidase) e caracteristicas probidticas (atividade de
fitase, sobrevivéncia a digestbes gastricas e pancreaticas) de 12 cepas de levedura
originalmente isoladas e fermentagdes de azeitona de mesa preta natural grega. A analise de
classificagdo multivariada realizada revelou que as cepas mais promissoras (claramente

discriminadas do resto dos isolados) foram Pichia guilliermondii Y16 (que mostrou
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globalmente a maior resisténcia a NaCl e digestdes simuladas) e Wickerhamomyces anomalus
Y18 (com as atividades enzimaticas tecnoldgicas totais mais altas). Os resultados do trabalho
sugerem a avaliacdo dessas duas leveduras selecionadas como iniciadores multifuncionais,
sozinhas ou em combinacdo com bactérias do acido lactico, em fermentacdes de azeitona de
mesa.

As propriedades tecnoldgicas de 15 cepas da levedura Debaryomyces hansenii e 32
cepas de Torulaspora delbrueckii isoladas de azeitonas pretas fermentadas pelo estilo grego
foram analisadas no trabalho de Psani, Kotzekidou (2006). Todas as cepas foram capazes de
crescer a 15°C, pH baixo (2,5), e a maioria das cepas conseguiu crescer a 10% (w / v) NaCl,
tolerar 0,3% (p/v) de sais biliares e mostraram atividade lipolitica. Apenas 33% das cepas
estudadas de D. hansenii e 9% das cepas de T. delbrueckii podem hidrolisar 1% (p / v) de
oleuropeina. Algumas cepas foram capazes de inibir cepas de L. monocytogenes, B. cereus e
S. typhimurium. A possivel inibicdo de agentes patogénicos de origem alimentar, bem como o
potencial probiotico das cepas, sugeri que as leveduras D. hansenii e T. delbrueckii podem ser
utilizadas como adjuntas iniciais para contribuir com a melhoria da qualidade de azeitonas
fermentadas.

Leveduras isoladas da fermentagdo natural de azeitonas de mesa, especialmente dos
géneros Kluyveromyces, Pichia e Candida (SILVA et al., 2011) das cultivares Galega e
Cordovil, tém sido caracterizadas com potencial probiotico através de ensaios independentes
de resisténcia aos sais biliares e pH baixo.

No estudo de Bonatsou et al. 2018, as caracteristicas probioticas e tecnoldgicas de 49
linhagens de leveduras, previamente isoladas da fermentagdo natural de azeitona preta de
mesa foram analisadas. Os resultados indicaram que as leveduras apresentaram aumento da
tolerancia a altas concentracGes de sal em diferentes valores de pH comumente encontrados
durante o curso da fermentacdo, indicando sua capacidade de dominar o processo. Além
disso, a maioria das cepas apresentou alta capacidade de autoagregacdo e sobrevivéncia a
digestdo gastrica, pancredtica e global. A cepa Aureobasidium pullulans Y42 mostrou alta
capacidade de aderir as células Caco-2.

Porru et al. (2018), isolaram leveduras de salmoura de azeitonas de mesa pretas da
variedade Bosana. As espécies dominantes foram Wickerhamomyces anomalus e Nakazawaea
molendini-olei, embora Candida diddensiae, Candida boidinii, Zygotorulaspora mrakii e
Saccharomyces cerevisiae também estavam presentes em propor¢cdes mais baixas. Foram

realizados testes in vitro em relacdo ao potencial probiotico dessas leveduras, como remocgéo
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do colesterol, digestdo gastrica e pancreatica, ensaios de biofilmes isoladamente e na
cocultura caracteristicas de Lactobacillus pentosus), e os resultados mostraram que W.
anomalus Wal exibiu as melhores caracteristicas, entretanto, as leveduras S. cerevisiae Sc24

e C. boidinii Cb60 também apresentaram caracteristicas probidticas promissoras.

2.7 Efeitos bioldgicos dos probioticos

Através de suas atividades metabolicas e interagcdes moleculares com ceélulas
hospedeiras, 0s microrganismos comensais do intestino sdo capazes de influenciar a fisiologia
do trato gastrointestinal, bem como 6rgdos e sistemas extra intestinais, sendo determinante na
salde humana (Schroeder, Backhed 2016). Vérias pesquisas foram dedicadas ao estudo sobre
como a ingestdo de microrganismos probiodticos na dieta pode modular a composicdo e
atividade no trato gastrointestinal (Park et al. 2013; Park et al. 2017; Falcinelli et al. 2015;
Bagarolli, et al. 2017).

No trabalho de Du et al, 2018, foi avaliado os efeitos do probidtico Bacillus
amyloliquefaciens SC06 (Ba), originalmente isolado do solo, na dieta de leitbes como
alternativa aos antibidticos (aureomicina), principalmente na barreira epitelial intestinal e na
funcdo imunoldgica. Os resultados demonstraram que o probidtico conseguiu aumentar a
barreira das células epiteliais intestinais e a funcdo imunol6gica, melhorando a estrutura da
mucosa intestinal.

Alguns probioticos demonstraram aumentar fagocitose ou atividade natural de células
“killer” e interagem diretamente com células dendriticas (KLAENHAMMER, et al. 2012).
Alguns também demonstram a capacidade de regular positivamente a secrec¢do de anticorpos
melhorando as defesas contra patégenos e aumentando as respostas as vacinas (PRZEMSKA.-
KOSICKA, et al. 2017; VITETTA, et al. 2017; CHILDS, et al. 2014). Estirpes probioticas
podem também aumentar os niveis de citocinas anti-inflamatérias com implicacbes para
diminuir o cancer de célon e colite (KLAENHAMMER, et al. 2012, ROWLAND, et al.,
2018).

Alguns estudos foram realizados para verificar se 0s probioticos sdo capazes de apoiar
a microbiota intestinal comensal e reduzir a infec¢des por patogenos. No estudo realizado por
Roychowdhury, et al. 2018 foi estudado a bactéria Clostridium difficile, cujo a infeccdo
causada por esse microrganismo aumenta a morbidade do paciente, a mortalidade e os custos

com saude. O tratamento com antibioticos induz a disbiose intestinal e € um dos principais
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fatores de risco para a colonizacéo da bactéria C. difficile e o tratamento da infeccdo por este
microrganismo. Este estudo investigou o microrganismo Faecalibacterium prausnitzii e um
prebiotico, ambos conhecidos por produzir butirato e ser anti-inflamatorio e imunomodulador,
na colonizacéo de C. difficile e na integridade intestinal de camundongos. A suplementacao
com essa bactéria e prebidtico pode apoiar respostas imunes inatas e minimizar a carga
bacteriana e os efeitos negativos durante a exposicao a antibioticos e C. difficile.

Estudos clinicos demonstraram que diversas cepas de microrganismos probidticos
proporcionam varios beneficios a saude do hospedeiro, incluindo a sintese de vitaminas e
acidos graxos de cadeia curta. Bactérias com a capacidade de sintetizar tais compostos podem
ser usadas como ferramentas para recuperar a ingestdo de energia, otimizando a producéo de
ATP a partir de alimentos ou pela fermentacédo de certas fibras no trato gastrointestinal (GIT).
Bactérias probidticas podem sintetizar &cidos graxos de cadeia curta (acetato, butirato e
propionato) e vitaminas do grupo B (riboflavina, folato e tiamina), acredita-se que esses
compostos melhorem os distirbios metabdlicos (LEBLANC, et al. 2017).

Existem muitos estudos que sugerem que os probiodticos podem ser ingeridos como
suplemento dietético para prevencao, intervencdo e tratamento de disturbios metabdlicos,
incluindo a diabetes (TONUCCI et al. 2017a, b). No geral, para a Diabetes Mellitus tipo 2,
uma das doencgas mais prevalentes mundialmente, o efeito benéfico dos probidticos pode estar
relacionado com a melhoria da integridade intestinal, diminuindo o0s niveis de
lipopolissacarideos (LPSs), aumento de incretinas, diminuicdo do estresse do reticulo
endoplasmatico (ER) e subsequente melhora da sensibilidade periférica a insulina (PARK et
al. 2015; BALAKUMAR et al. 2018; LIM et al. 2016). Os probi6ticos também podem exercer
efeitos antidiabéticos, melhorando a tolerancia a glicose, regulacdo do metabolismo lipidico,
melhorando o status antioxidante e modulando a microbiota intestinal e acidos graxos de
cadeia curta (SIMON et al. 2015; AKBARI et al. 2016). Além disso, os probidticos reduzem a
resposta inflamatéria, a resposta autoimune ao estresse oxidativo (GOMES et al. 2014,
SINGH et al. 2017).

Os efeitos da cepa Lactobacillus acidophilus DDS-1, fabricada pela Nebraska
Cultures, no alivio sintomatico para intolerancia a lactose foi estudado no trabalho de
Pakdaman, et al. 2016. O estudo concluiu que o microrganismo probidtico Lactobacillus
acidophilus DDS-1, é segura para consumir e melhora a pontuacéo dos sintomas abdominais
em comparacgdo com o placebo (sem ingestdo de probidticos) em relacdo a diarréia, caimbras

e vomitos durante um desafio agudo de intolerancia a lactose.
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A aterosclerose é a principal causa de doencas cardiovasculares, que sdo consideradas
a doenca fatal em todo o mundo. A hipercolesterolemia desempenha um papel critico no
desenvolvimento de aterosclerose e doencas cardiovasculares. Muitos estudos afirmaram que
0s probioticos podem afetar a hipercolesterolemia via metabolismo do colesterol. Varios
mecanismos explicam como os probidticos podem exercer seu efeito redutor de colesterol,
estes incluem a desconjugacdo do sal biliar pela enzima hidrolase BSH, sintese de acidos
graxos de cadeia curta e integracdo de colesterol na membrana celular bacteriana. (HASSAN
etal. 2019).

Os probidticos também tém efeito na doenca hepatica gordurosa ndo alcodlica
(DHGNA), caracterizada por um aumento no conteido de gordura das células hepaticas. Os
probidticos presentes na microbiota intestinal podem neutralizar a patogénese da DHGNA
através do deslocamento de patdgenos promotores desta doenca, reducédo da producéo geral de
etanol microbiano, promocdo da funcdo da barreira intestinal e supressdo de cascatas
inflamato6rias (ELSHAGHABEE et al., 2019).

No estudo realizado por Gomes et al. 2017, foi descrito pela primeira vez, que um mix
de probidtico (Lactobacillus acidophilus e casei; Lactococcus lactis; Bifidobacterium bifidum
e lactis; 2x10'° UFC/dia) reduziu a adiposidade abdominal e aumentou a atividade enzimatica
antioxidante de uma maneira mais eficaz do que uma intervencdo dietética isolada, sem 0 uso
de probioticos, em pacientes com excesso de peso ou obesidade.

No recente estudo de Gomes, Hoffmann, Mota, 2019, foi demonstrado que a ingestao
de Lactobacillus acidophilus LA-14, Lactobacillus casei LC-11, Lactococcus lactis LL-23,
Bifidobacterium bifidum BB-06 e Bifidobacterium lactis BL-4 ndo induziu uma variacao
global na composicéo filogenética da microbiota intestinal. Contudo, foi observado mudangas
direcionadas em alguns grupos especificos de microrganismos com associacdo positiva com
adiposidade, com uma reducdo concomitante desses microrganismos com o tratamento com
probidtico.

Evidéncias sugerem um efeito protetor dos probioticos na prevencdo de diarréia
associada a antibidticos (DAA). Dentre alguns estudos em relacdo a probidticos,
Lactobacillus rhamnosus ou Saccharomyces boulardii na concentragdo de 5 a 40 bilhdes de
UFC/dia parecem mais apropriados para prevencdo de DAA em criangas recebendo
antibidticos (GUO, et al., 2019). Existem evidéncias suficientes para concluir que a
administracdo adjunta de probioticos esta associada a um risco reduzido de DAA. (HEMPEL,
etal. 2012).
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Os probioticos revelam o potencial uso no controle da periodontite, mas pouco se sabe
sobre suas interagdes com as células epiteliais gengivais (GECs). No trabalho de
Albuquerque-Souza et al. 2019, é sustentada a hipotese de que os probioticos podem modular
a resposta inflamatdria mediada por P. gingivalis nos GECs. Os probidticos podem prevenir a
morte celular e reduzir a adesdo e invasdo bacteriana, e sua capacidade de interferir na sintese

de quimio / citocinas, bem como de ditar a expresséo de alguns genes.

2.8 REFERENCIAS BIBLIOGRAFICAS

AKBARI, V., F. HENDIJANI, A. FEIZI, J. VARSHOSAZ, Z. FAKHARI, S. MORSHEDI,
S. A. MOSTAFAVI. 2016. Efficacy and safety of oral insulin compared to subcutaneous
insulin: A systematic review and Meta-analysis. Journal of Endocrinological Investigation
39 (2): 215-225.

ALBUQUERQUE-SOUZA, E., BALZARINI, D., ANDO-SUGUIMOTO, E. S,
ISHIKAWA, K. H., SIMIONATO, M. R., HOLZHAUSEN, M., MAYER, M. P. (2019).
Probiotics alter the immune response of gingival epithelial cells challenged by
Porphyromonas gingivalis. Journal of periodontal research 54(2): 115-127.

ALVES, M., C. (2010). Producao industrial de azeitona verde no Algarve: Parametros fisico-
quimicos e microbiolégicos. Dissertacdo de Mestrado apresentada a Universidade do Algarve
para obtencdo do grau de mestre em Tecnologia dos Alimentos.

APONTE, M.; VENTORINO, V.; BLAIOTTA, G.; VOLPE, G., FARINA, V.; AVELLONE,
G.; LANZA, C.M.; MOSCHETTI, G. (2010). Study of green Sicilian table olive
fermentations through microbiological, chemical and sensory analyses. Food Microbiology,
v. 27, p. 162 - 170.

ARGYRI, A. A., ZOUMPOPOULDO, G., KIMON-ANDREAS, G. K., TSAKALIDOU, E.,
NYCHAS, G.-J. E.,, PANAGOU, E. Z., TASSOU, C. C. (2013) Selection of potential
probiotic lactic acid bacteria from fermented olives by in vitro tests. Food Microbiology, V.
33, p. 282- 291.

ARROYO-LOPEZ, F. N.; BAUTISTA-GALLEGO, J.; DURAN-QUINTANA, M. C;
RODRIGUEZ-GOMEZ, F.; ROMEROBARRANCO, C.; GARRIDO-FERNANDEZ, A.
(2008a). Improvement of the storage process for cracked table olives. Journal of Food
Engineering, v. 89, p. 479 - 487.

ARROYO-LOPEZ, F. N.; QUEROL, A., BAUTISTA-GALLEGO, J.; GARRIDO-

FERNANDEZ, A. (2008b). Role of yeasts in table olive production. International Journal
of Food Microbiology, v. 128, p. 189 - 196.

29



ARROYO-LOPEZ, F. N.; BAUTISTA-GALLEGO, J.; SEGOVIA-BRAVO, K. A;
GARCIA-GARCIA, P.; DURAN-QUINTANA, M. C.; ROMERO, C.; RODRIGUEZ-
GOMEZ, F.; GARRIDO-FERNANDEZ, A. (2009). Instability profile of fresh packed
"seasoned" Manzanilla-Alorena table olives. LWT - Food Science and Technology, v. 42, p.
1629 — 1639.

ARROYO-LOPEZ, F.N. et al. (2010). Predictive microbiology and table olives. Current
Research, Technology and Education Topics in Applied Microbiology and Microbial
Biotechnology, v.I1, n.13, p.1452-1461.

ASO, Y., AKAZA, H. (1992). Prophylactic effect of a Lactobacillus casei preparation on the
recurrence of superficial bladder cancer. Urol Int; v. 49, p. 125-129.

ASO, Y., AKAZA, H, KOTAKE, T. Y. COLS. (1995). Preventive effect of a Lactobacillus
casei preparation on the recurrence of superficial bladder cancer in a doubleblind trial. Eur
Urol. v. 27, p. 104-109.

ASSOCIACAO DOS OLIVICULTORES DO SUL DO BRASIL (2008), disponivel em
http://www.olivicultura-rs.com.br/situacao_mercado.html, acesso em 13 de junho de 2018.

ASSOLIVE, Associagdo dos Olivicultores dos Contrafortes da Mantiqueira. Disponivel
em: http://assoolive.blogspot.com.br/2017/03/ acesso em 03 de Junho de 2018.

ASSOCIACION DE EXPORTADORES E INDUSTRIALES DE ACEITUNAS DE MESA
(2014). Datos generales del setor. Disponivel em:
http://www.asemesa.es/content/datos_generales_del setor. Acesso em 10 de Junho de 2018.

AYENI, F. A. et al. (2011) Evaluation of the functional potential of Weissella and
Lactobacillus isolates obtained from Nigerian traditional fermented foods and cow’s intestine.
International Journal of Food Microbiology, Amsterdam, v. 147, n. 2, p. 97-104.

BAGAROLLI, R. A., N. TOBAR, A. G. OLIVEIRA, T. G. ARA _UJO, B. M. CARVALHO,
G. Z. ROCHA, J. F. VECINA, K. CALISTO, D. GUADAGNINI, P. O. PRADA, SANTOS,
A., SAAD, S. T.O., SAAD, M. J. A. 2017. Probiotics modulate gut microbiota and improve
insulin sensitivity in DIO mice. The Journal of Nutritional Biochemistry, v.50, n.12, p. 16-25.

BALAKUMAR, M., D. PRABHU, C. SATHISHKUMAR, P. PRABU, N. ROKANA, R.
KUMAR, S. RAGHAVAN, A. SOUNDARAJAN, S. GROVER, V. K. BATISH, MOHAN,
V., BALASUBRAMANYAM, M. 2018. Improvement in glucose tolerance and insulin
sensitivity by probiotic strains of Indian gut origin in high-fat diet-fed C57BL/6J mice.
European Journal of Nutrition 57 (1):279-295.

BARRANCO, D., FERNANDEZ-ESCOBAR, R., RALLO, L. (2001) El Cultivo del Olivo.
Ediciones Mundi-Prensa, 42 Edicdo, Madrid (Espanha). ISBN: 84-7114-983-4.

BAUTISTA-GALLEGO, J.; RODRIGUEZ-GOMEZ, F.; BARRIO, E.; QUEROL, A;
GARRIDO-FERNANDEZ, A.; ARROYO-LOPEZ, F. N. (2011). Exploring the yeast
biodiversity of green table olive industrial fermentations for technological applications.
International Journal of Food Microbiology, v. 147, p. 89 - 96.

30



BAUTISTA-GALLEGO, J., ARROYO-LOPEZ, F.N., RANTSIOU, K., JIMENEZ-DIAZ, R.,
GARRIDOFERNANDEZ, A., COCOLIN, L. (2013). Screening of lactic acid bacteria
isolated from fermented table olives with probiotic potential. Food Research International,
v. 50, p. 135-142.

BEATTIE, G.A. (2011). Water relations in the interaction of foliar bacterial pathogens with
plants. Annual Review Phytopathology. v. 49, p. 533-555.

BETTS, G. D., LINTON, P., BETTERIDGE, R. J. (2000). Synergistic effect of sodium
chloride, temperature and pH on growth of a cocktail of spoilage yeasts: a research note. Food
Microbiology, v. 17, p. 47— 52.

BIANCHI, G. (2003). Lipids and phenols in table olives. European Journal of Lipid
Science and Technology, v. 105, p. 229-242.

BLANA, V. A., GROUNTA, A., TASSOU, C. C., NYCHAS, G. J. E.,, PANAGOU, E. Z.
(2014). Inoculated fermentation of green olives with potential probiotic Lactobacillus
pentosus and Lactobacillus plantarum starter cultures isolated from industrially fermented
olives. Food microbiology, v. 38, p. 208-218.

BONATSOU, S., BENITEZ, A, RODRIGUEZ-GOMEZ, PANAGOU, E. Z., ARROYO-
LOPEZ, F. N. (2015). Selection of yeasts with multifunctional features for application as
starters in natural black table olive processing. Food Microbiology, v. 46, p. 66—73.

UJALANCE, C. et al. (2007). Probiotic strain of Lactobacillus plantarum stimulates
lymphocyte responses in immunologically intact and immunocompromised mice.
International Journal of Food Microbiology, v.113, p.28-34.

BURNS, P., VINDEROLA, G., BINETTI, A., QUIBERONI, A., DE LOS REYES-GAVII,
C., REINHEIMER, J. (2008) Bile-resistant derivatives obtained from non-intestinal dairy
lactobacilli. Int Dairy J, v. 18, p. 377-385.

CABEZAS, J. M. E. (2011). La aceituna de mesa: nociones sobre sus caracteristicas,
elaboracion y cualidades. Fotomecanica e impression: Imprenta tecé, Sevilha.

CAMPANIELLO, D., BEVILACQUA, A, D'AMATO, D., CORBO, M. R., ALTIERI, C.,
SINIGAGLIA, M. (2005) Microbial characterization of table olives processed according to
Spanish and natural styles. Food Technology and Biotechnology v. 43, n. 3, p. 289-294.

CHILDS, C. E., ROYTIO, H., ALHONIEMI, E., FEKETE, A. A., FORSSTEN, S. D.,
HUDJEC, N.,LIM, Y. N, STEGER, C. J., YAGOOB, P., TUOHY, K. M., RASTALL, R. A,
OUWEHAND, A. C., GIBSON, G. R. (2014). Xylo-oligosaccharides alone or in synbiotic
combination with Bifidobacterium animalis subsp. lactis induce bifidogenesis and modulate
markers of immune function in healthy adults: a double-blind, placebo-controlled,
randomised, factorial cross-over study. British Journal of Nutrition, 111(11), 1945-1956

CODEX ALIMENTARIUS (2010). Proposed Draft Codex Standard for Table Olives

(Revision of Codex Stan 66-1981). http://www.cclac.org/documentos/CCPFV/2010/3%20
Documentos/ Documentos%20Ingles/pf25_04e.pdf. Acesso em 20 de Junho de 2018.

31



CONDE, C.; DELROT, S.; GEROS, H. (2008). Physiological, biochemical and molecular
changes occurring during olive development and ripening. Journal of Plant Physiology, v.
165, p. 1545-1562.

COUTINHO, E. F. et al. (2009). Cultivo de oliveira (Olea europaea L.). Embrapa Clima
Temperado, Sistema de Producéo, v. 16, p. 1-125.

DABBOU, S., ISSAOUI, M., BRAHMI, F., NAKBI, A.,, CHEHAB, H., MECHRI, B.,
HAMMAMI, M. (2012). Changes in Volatile Compounds During Processing of Tunisian-
Style Table Olives. Journal of the American Oil Chemists Society, v. 89, p. 347-354.

DIEP, D. B.; HAVARSTEIN, L. S.; NES, 1. F. (1995). A bacteriocin like peptide induces
bacteriocin synthesis in Lactobacillus plantarum C11. Molecular Microbiology, Oxford,
v.18, n.4, p.631-639.

DU, W., H. XU, X. MEI, X. CAO, L. GONG, Y. WU, Y. LI,D. YU, S. LIU, Y. WANG, W.
LI. 2018. Probiotic Bacillus enhance the intestinal epithelial cell barrier and immune function
of piglets. Beneficial Microbes 9 (5):743-54.

ELSHAGHABEE, F. M., ROKANA, N., PANWAR, H. HELLER, K. J, &
SCHREZENMEIR, J. (2019). Probiotics for dietary management of non-alcoholic fatty liver
disease. Environmental Chemistry Letters, p. 1-11.

EVANGELISTA, S. R., et al. (2014) Improvement of coffee beverage quality by using
selected yeasts strains during the fermentation in dry process. Food Research International,
v. 61, p. 183-195.

FAKAS, S., KEFALOGIANNI, I., MAKRI, A., TSOUMPELI, G. ROUNI, G., GARDELI,
C., PAPANIKOLAOQOU, S., AND AGGELIS, G. (2010). Characterization of olive fruit
microflora and its effect on olive oil volatile compounds biogenesis. European Journal
Lipid Science and Technology, v. 112, p. 1024-1032.

FALCINELLI, S., S. PICCHIETTI, A. RODILES, L. COSSIGNANI, D. L. MERRIFIELD,
A.R. TADDEI, F. MARADONNA, I. OLIVOTTO, G. GIOACCHINI, O. CARNEVALL.
2015. Lactobacillus rhamnosus lowers zebrafish lipid content by changing gut microbiota and
host transcription of genes involved in lipid metabolism. Scientific Reports 5 (3):9336.

FAO/WHO. CODEX. (2003). Standard for Fermented Milks. 243-2003. STAN, C.: 1-11 p.

FERNANDEZ, A. G.; DIEZ, M. J. F.; ADAMS, M. R. (1997). Table olives. Production and
Processing. Chapman & Hall. London, UK.

FIJAN S. Microorganisms with claimed probiotic properties: an overview of recent literature.
(2014). Int J Environ Res Public Health.;11(5):4745-67.

FINKEL, O.M., BURCH, A.Y. LINDOW, S.E., POST, A.F.,, BELKIN, S. (2011).
Geographical location determines the population structure in phyllosphere microbial
communities of a salt-excreting desert tree. Applied Environmental Microbiology. v. 77, p.
7647—-7655.

32



FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS. (2002).
Guidelines for the evaluation of probiotics in food. Rome. Disponivel em:
<ftp://ftp.fao.org/es/esn/food/wgreport2.pdf>. Acesso em: 6 de junho de 2018.

FAO/WHO (2006) Probiotics in food: health and nutritional properties and guidelines for
evaluation. Rome, p 85.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS.
http://faostat.fao.org/ Acesso em 5 de junho de 2018.

GARRIDO-FERNANDEZ, A.; FERNANDEZ DIEZ, M. J.; ADAMS, M. R. (1997) Table
Olives: Production and Processing. London: Chapman & Hall.

GENTE, S.; SOHIER, D.; COTON, E.; DUHAMEL, C.; GUEGUEN, M. (2006).
Identification of Geotrichum candidum at the species and strain level: proposal for a
standardized protocol. J Ind Microbiol Biotechnol, v.33, p.1019-1031.

GHANBARI, R.; ANWAR, F.; ALKHARFY, K. M.; GILANI, A. H.; SAARI, N. (2012).
Valuable Nutrients and Functional Bioactives in Different Parts of Olive (Olea europaea L.) -
A Review. International Journal of Molecular Sciences, v. 13, p. 3291 — 3340.

GIAOURIS, E., CHAPOT-CHARTIER, M.P., BRIANDET, R. (2009) Surface
physicochemical analysis of natural Lactococcus lactis strains reveals the existence of
hydrophobic and low charged strains with altered adhesive properties. International Journal
of Food Microbiology, v.131, p.2-9.

GIORGETTI G, BRANDIMARTE G, FABIOCCHI F, RICCI S., FLAMINI, P. SANDRI, G.,
TROTTA M. C. ELISEI W.,PENNA A, LECCA P.G,PICCHIO M. TURSI A
Interactions between innate immunity, microbiota, and probiotics. J Immunol Res. 2015.

GOMES, A. C,, A. A. BUENO, R. G. M. DE SOUZA, J. F. MOTA. 2014. Gut microbiota,
probiotics and diabetes. Nutrition Journal 13:60

GOMES A.C., DE SOUSA R. G. M., BOTELHO P. B., GOMES T. L., PRADA P. O,
MOTA J. F. (2017) The additional effects of a probiotic mix on abdominal adiposity and
antioxidant Status: a double-blind, randomized trial. Obesity (Silver Spring, Md.) 25:30-38.

GOMES, A. C., HOFFMANN, C., MOTA, J. F. (2019). Gut microbiota is associated with
adiposity markers and probiotics may impact specific genera. European Journal of Nutrition,
1-12.

GUANTARIO, B., ZINNO, P., SCHIFANO, E., ROSELLI, M., PEROZZI, G., PALLESCHI,
C., UCCELLETTI D., DEVIRGILIIS, C. (2018). In vitro and in vivo selection of potentially
probiotic lactobacilli from Nocellara del Belice table olives. Frontiers in microbiology, 9,
595.

GUO, Q., GOLDENBERG, J. Z., HUMPHREY, C., EL DIB, R., JOHNSTON, B. C. (2019).

Probiotics for the prevention of pediatric antibiotic-associated diarrhea. Cochrane Database
of Systematic Reviews, (4).

33


https://www.hindawi.com/86180731/
https://www.hindawi.com/42602894/
https://www.hindawi.com/65219523/
https://www.hindawi.com/14197028/
https://www.hindawi.com/46728270/
https://www.hindawi.com/52947581/
https://www.hindawi.com/20578502/
https://www.hindawi.com/82603756/
https://www.hindawi.com/76803975/

HASSAN, A,, DIN, A. U,, ZHU, Y., ZHANG, K., LI, T., WANG, Y., LUO, Y., WANG, G.
(2019). Updates in understanding the hypocholesterolemia effect of probiotics on
atherosclerosis. Applied microbiology and biotechnology, p. 1-14.

HEMPEL, S., NEWBERRY, S. J., MAHER, A. R., WANG, Z., MILES, J. N., SHANMAN,
R., JOHNSEN B., SHEKELLE, P. G. (2012). Probiotics for the prevention and treatment of
antibiotic-associated diarrhea: a systematic review and meta-analysis. Jama, 307(18), 1959-
1969.

HERNANDEZ, A., MARTIN, A., ARANDA, E., PEREZ-NEVADO, F., CORDOBA, M. G.
(2007) Identification and characterization of yeast isolated from the elaboration of seasoned
green table olives. Food Microbiology, v. 24, p. 346-351.

HERNANDEZ, A.; MARTIN, A.; CORDOBA, M. G., BENITO, M. J., ARANDA, E.,
PEREZ-NEVADO, F. (2008). Determination of killer activity in yeasts isolated from the
elaboration of seasoned green table olives. International Journal of Food Microbiology, v.
121, p. 178-88.

HILL, C., GUARNER, F., REID, G., GIBSON, G. R.,, MERENSTEIN, D. J,, POT, B.,
MORELLLI, L., CANANI, R. B., FLINT, H. J., SALMINEN, S., CALDER, P. C., SANDERS,
M. E. (2014). The International Scientific Association for Probiotics and Prebiotics consensus
statement on the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol
Hepatol, 11(8), 506-514.

HURTADO, A.; REGUANT, C.; ESTEVE-ZARZOSO, B.; BORDONS, A.; ROZES, N.
(2008). Microbial population dynamics during the processing of Aberquina table olives. Food
Research International, v. 41, p. 738 - 744.

HUTKINS, R. W. (2006) Microbiology and Technology of Fermented Foods. Blackwell
Publishing, London.

IBGE- INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA, (2019). ISSN 0101-
3963 Prod. agric. munic., Rio de Janeiro, v. 40, p.1-102.

INSTITUTO DE LA GRASA (2014) — XX Curso de Elaboracion de Aceitunas de Mesa.
Sevilha. Marco de 2014.

IOC (International Olive Oil Council) (2004). Trade Standard Applying to Table Olives.
International Olive Oil Council. COI/OT/NC n° 1, december 2004

IOC (International Olive Oil Council) (2018). Statistic of table olive’s world production.
Available online: http://www.internationaloliveoil.org/estaticos/view/132-world-table-
olivefigures (acessed on 10 jun. 2018)

I0C (International Olive Oil Counci) (2019) World Table Olive Figures. Available online:
http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures  (accessed
on 24 October 2019).

KANAVOURAS, A., GAZOULI, M., LEONIDAS, L. T., PETRAKIS, C. (2005). Evaluation
of black table olives in different brines. Grasas y Aceites, v. 56, p. 106-115.
34


http://www.internationaloliveoil.org/estaticos/view/132-world-table-olivefigures
http://www.internationaloliveoil.org/estaticos/view/132-world-table-olivefigures
http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures

KHEDKAR, S.; CARRARESI, L.; BRORING, S. (2017). Food or pharmaceuticals?
Consumers’ perception of health-related borderline products. Pharma Nutrition, 5, 133-140.

KIM WC, SO JH, KIM SI, SHIN JH, SONG KS, YU CB, KHO YH, RHEE IK (2009).
Isolation, identification, and characterization of Pichia guilliermondii K123-1 and Candida
fermentati SI, producing isoflavone p-glycosidase to hydrolyze isoflavone glycoside
efficiently, from the korean traditional soybean paste. J Appl Biol Chem, v. 52, p. 163-169.

KLAENHAMMER, T. R. et al. (2005). Genomic features of lactic acid bacteria effecting
bioprocessing and health. FEMS Microbiology Reviews, Amsterdam, v. 29, n. 3, p. 393-409.

KLAENHAMMER, T. R., KLEEREBEZEM, M., KOPP, M. V. RESCIGNO, M. The impact
of probiotics and prebiotics on the immune system. Nat. Rev. Immunol. 12, 728-734 (2012).

KOS, J.; S US'KOVIC’, S.; VUKOVIC, M.; “ IMPRAGA, S; FRECE, J.; MATOS"IC, S.
(2003). Adhesion and aggregation ability of probiotic strain Lactobacillus acidophilus M92.
J. Appl. Microbiol., v. 94, p.981-987.

KUMAR, R., SOOD, U., GUPTA, V., SINGH, M., SCARIA, J., LAL, R. (2019). Recent
advancements in the development of modern probiotics for restoring human gut microbiome
dysbiosis. Indian Journal of Microbiology, 1-14.

LIM, S.-M., J.-J. JEONG, K. H. WOO, M. J. HAN, D.-H. KIM. 2016. Lactobacillus sakei
OKG67 ameliorates high-fat diet-induced blood glucose intolerance and obesity in mice by
inhibiting gut microbiota lipopolysaccharide production and inducing Colon tight junction
protein expression. Nutrition Research 36(4):337-348.

LEBLANC, J. G., F. CHAIN, R. MARTIN, L. G. BERMUDEZ-HUMARAN, S. COURAU,
AND P. LANGELLA. (2017). Beneficial effects on host energy metabolism of short-chain
fatty acids and vitamins produced by commensal and probiotic bacteria. Microbial Cell
Factories 16 (1):79.

LUH, B. S., WOODROOF, J.G. (1988) Commercial vegetable processing. 2 ed. Nova lorque:
Van Nostrand Reinhold, 600p.

MAGALHAES, K.T., PEREIRA, G.V.M., DIAS, D.R., SCHWAN, R.F. 2010. Microbial
communities and chemical changes during fermentation of sugary Brazilian kefir. World J.
Microbiol. Biotechnol 26: 1241-1250.

MALHEIRO, R. M. S. (2010). Influéncia da cultivar nas caracteristicas fisico-quimicas,
sensoriais e biologicas de azeitonas verdes descarogadas. Dissertacdo (Mestrado)-120 f.
Escola Superior Agréria de Braganca.

MARSILIO, V.; CAMPESTRE, C.; LANZA, B. (2001). Phenolic compounds during
Californiastyle ripe olive processing. Food Chemistry, v. 74, p. 55-60.

MATTILA-SANDHOLM, T.; et al. (1999). Probiotics: towards demonstrating efficacy.
Trends in Food Science & Technology, v. 10, p. 393-399.

35



MDIC (MINISTERIO DO DESENVOLVIMENTO, INDUSTRIA ECOMERCIO
EXTERIOR). (2014). Sistema AliceWeb acesso a informacdo. Disponivel em:
<http://aliceweb.mdic.gov. br/>. Acesso em: 08 junho 2018.

MONTORO, B. P.,, BENOMAR, N., LAVILLA LERMA, L., CASTILLO GUTIERREZ, S.,
GALVEZ, A., ABRIOUEL, H. (2016). Fermented Alorefia table olives as a source of
potential probiotic Lactobacillus pentosus strains. Frontiers in microbiology, 7, 1583.

MOREIRA, L. D. P. P. F. (2013). Producéo de azeitona de mesa ao natural fermentada por
estirpes de bactérias lacticas potencialmente probidticas. Dissertacdo de mestrado apresentada
ao Instituto Superior de Agronomia da Universidade de Lisboa, para obtencdo de Grau de
Mestre em Engenharia Alimentar.

NEFFE-SKOCINSKA, K.; RZEPKOWSKA, A.; SZYDLOWSKA, A.; KOLOZYN-
KRAJEWSKA, D. (2018). Chapter 3—Trends and Possibilities of the Use of Probiotics in
Food Production. In Alternative and Replacement Foods; Academic Press: Cambridge, MA,
USA; p. 65-94.

NIELSEN, D.S., TENIOLA, 0O.D., BAN-KOFFI, L., OWUSU, M., ANDERSSON, T.S.
HOLZAPFEL, W.H. 2007. The microbiology of Ghanaian cocoa fermentations analysed
using culture-dependent and culture independent methods. Int. J. Food Microbiol.114: 168—
186.

NISIOTOU, A.A., CHORIANOPOULOS, N., NYCHAS, G.J.E., AND PANAGOU, E.Z
(2009) Yeast heterogeneity during spontaneous fermentation of black Conservolea olives in
different brine solutions. Journal of Applied Microbiology, v. 108, p. 396-405.

NOGUEIRA, J. C. R, GONCALVES, M. D. C. R. (2011). Probidticos-Revisdo da
Literatura. Rev. bras. ciénc. saude, 15(4).

NORMA PORTUGUESA (NP) 3034. (1987). Derivados de frutos e de produtos horticolas.
Azeitonas de mesa. Definicdo, classificagdo, caracteristicas, acondicionamento e marcagdo

NOUT, M. J. R. & ROMBOUTS, F. M. (2000). Fermented and Acidified Plant Foods, in
Lund, B. M., Baird-Parker, T. C., Gould, G. W. (Eds). The Microbiological Safety and
Quality of Food. Volume 1. Aspen Publishers, Inc. Gaithersburg, Maryland.

NYCHAS, G. J. E.; PANAGOU, M. L.; WALDRON, K. W. & TASSOU, C. C. (2002).
Microbial colonization of naturally black olives during fermentation and associated
biochemical activities in the cover brine. Letters in Appplied Microbiology, v. 34, p. 173-
177.

OLIVEIRA, A. F. de. et al. (2012). Oliveira no Brasil: tecnologias de producdo. Belo
Horizonte: EPAMIG, 772p.

OLIVEIRA, M.; BRITO, D.; CATULO, L.; LEITAO, F.; GOMES, L.; SILVA, S.; VILAS-

BOAS, L.; PEITO, A.; FERNANDES, I.; GORDO, F. & PERES, C. (2004). Biotechnology
of olive fermentation of *Galega’ Portuguese variety. Grasas y Aceites. 55, 219-226

36



OLIVEIRA, M.N., SODINI, I, REMEUF, F., CORRIEU, G., (2001). Effect of milk
supplementation on acidification, textural properties and microbiological stability of
fermented milks containing probiotic bacteria. Int. Dairy J. 11, 935e942.

PAKDAMAN, M. N., UDANI, J. K., MOLINA, J. P., SHAHANI, M. (2016). The effects of
the DDS-1 strain of lactobacillus on symptomatic relief for lactose intolerance-a randomized,
double-blind, placebo-controlled, crossover clinical trial. Nutrition journal, 15(1), 56.

PANAGOU, E. Z.; HONDRODIMOU, O.; MALLOUCHOQOS, A.; NYCHAS, G-J.E. (2011).
A study on the implications of NaCl reduction in the fermentation profile of Conservolea
natural black olives. Food Microbiology, v. 28, p. 1301-1307.

PANAGOU, E.Z, SCHILLINGERB, U., FRANZ, CM.AP. & NYCHAS, G.J.E. (2008).
Microbiological and biochemical profile of cv. Conservolea naturally black olives during
controlled fermentation with selected strains of lactic acid bacteria. Food Microbiology, v.
25, p. 348-358.

PANAGOU, E. Z.; KATSABOXAKIS, C. Z. (2006). Effect of different brining treatments on
the fermentation of cv. Conservolea green olives processed by the Spanish-method. Food
Microbiology, v. 23, p. 199 - 204.

PARK,D. Y. Y. T. AHN, S. H. PARK, C. S. HUH, S. R. YOO, R. YU, M. K. SUNG, R. A.
MCGREGOR, M. S. CHOI. 2013. Supplementation of Lactobacillus curvatus HY7601 and
Lactobacillus plantarum KY1032 in diet-induced obese mice is associated with gut microbial
changes and reduction in obesity. Plos ONE 8 (3): 59470.

PARK, K. Y., B. KIM, AND C. K. HYUN. 2015. Lactobacillus rhamnosus GG improves
glucose tolerance through alleviating ER stress and suppressing macrophage activation in
db/db mice. Journal of Clinical Biochemistry and Nutrition 56 (3):240-246.

PARK, S., Y. JI, H. Y. JUNG, H. PARK, J. KANG, S. H. CHOI, H. SHIN, C. K. HYUN, K.
T. KIM, AND W. H. HOLZAPFEL. 2017. Lactobacillus plantarum HACO1 regulates gut
microbiota and adipose tissue accumulation in a diet-induced obesity murine model. Applied
Microbiology and Biotechnology 101 (4):1605-14.

PELLETIER, C., BOULEY, C.C.,, BOUTTIER, S., BOURLIOUX, P. & BELLON-
FONTAINE,M. N. (1997). Cell surface characteristics of Lactobacillus casei subsp. casei,
Lactobacillus paracasei subsp. paracasei, and Lactobacillus rhamnosus strains. Applied
Environmental Microbiology, v.63, p.1725-1731.

PERES, C.M. et al. (2012). Review on fermented plant materials as carriers and sources of
potentially probiotic lactic acid bacteria — With an emphasis on table olives. Trends in Food
Science & technology. v.26, p.31-42.

PEREZ, P., MINAARD, Y., DISALVO, E., DE ANTONI, G. (1998). Surface properties of

bifidobacterial strains of human origin. Applied Environmental Microbiology, v. 64, p.21-
26.

37



PIGA, A.; DEL CARO, A.; PINNA, I. & AGABBIO, M. (2005). Anthocyanin and colour
evolution in naturally black table olives during anaerobic processing. Food Science and
Technology, v. 38, p. 425-429.

PINHEIRO, P. B. M.; SILVA, J. C. G. E. (2005). Chemometric classification of olives from
three Portuguese cultivars of Olea europaea L. Analytica Chimica Acta, v. 544, p. 229- 235.

PRZEMSKA-KOSICKA, A., CHILDS, C. E.,, ENANI, S., MAIDENS, C., DONG, H.,
DAYEL, I. B.,, TUOHY, K., TODD, S., GOSNEY, M. A., YAQOOB, P. (2016). Effect of a
synbiotic on the response to seasonal influenza vaccination is strongly influenced by degree of
immunosenescence. Immunity & Ageing, 13(1), 6.

PSANI, M., KOTZEKIDOU, P. (2006). Technological characteristics of yeast strains and
their potential as starter adjuncts in Greek-style black olive fermentation. World Journal
Microbiology Biotechnology, v. 22, p. 1329-1336.

REJANO, L.; MONTANO, A.; CASADO, F. J.; SANCHEZ, A. H.; CASTRO, A. (2010).
Table Olives: Varieties and Variations. Food Biotechnology Department, Instituto de la Grasa
CSIC, Seville, Spain, v. 1, p. 5 - 15.

RIVERA-ESPINOZA, Y.; GALLARDO-NAVARRO, Y. (2010). Non-dairy probiotic
products. Food Microbiology, London, v. 27, n. 1, p. 1-11.

RODRIGUEZ-GOMEZ, F., ROMERO-GIL, V., GARCIA-GARCIA, P., GARRIDO-
FERNANDEZ, A., ARROYO-LOPEZ FN. (2013). Fortification of table olive packing with
the potential probiotic bacteria Lactobacillus pentosus TOMC-LAB2. Frontiers
Microbiology, v. 3, n. 5, p. 467.

ROMERO, C., BRENES, M., YOUSFI, K., GARCIA, P., GARCIA, A., GARRIDO, A.
(2004). Effect of cultivar and processing method on the contents of polyphenols in table
olives. Journal of Agricultural and Food Chemistry, v. 52, p. 479-484.

ROUBOS, K., MOUSTAKAS, M., ARAVANOPOULOS, F. (2010). Molecular identification
of Greek olive (Olea europaea) cultivars based on microsatellite loci. Genetics and
Molecular Research, v. 9, n. 3, p. 1865-1876.

ROWLAND, 1., GIBSON, G., HEINKEN, A., SCOTT, K., SWANN, J., THIELE, 1.,
TUOHY, K. (2018). Gut microbiota functions: metabolism of nutrients and other food
components. European journal of nutrition, 57(1), 1-24.

ROYCHOWDHURY, S., CADNUM, J., GLUECK, B., OBRENOVICH, M., DONSKEY, C.,
CRESCI, G. A. (2018). Faecalibacterium prausnitzii and a prebiotic protect intestinal health
in a mouse model of antibiotic and Clostridium difficile exposure. Journal of Parenteral and
Enteral Nutrition, 42(7), 1156-1167.

RUIZ-BARBA, J. L.; RIOS-SANCHEZ, R. M.; FEDRIANI-IRISO, C.; OLIAS, J. M.; RIOS,
J. L.; JIMENEZ-DIAZ, R. (1990). Bactericidal effect of phenolic compounds from green
olives on Lactobacillius plantarum. Systematic and Applied Microbiology, v. 13, p. 199 -
205.

38



RUIZ-BARBA, J. L.; BRENES, M.; JIMENEZ, R.; GARCIA, P.; GARRIDO, A. (1993).
Inhibition of Lactobacillus plantarum by polyphenols extracted from two different kinds of
brine. Journal of Applied of Bacteriology, v. 74, p. 15 - 109.

SABATINI, N., MARSILIO, V. (2008). Volatile compounds in table olives (Olea Europea
L., Nocellara del Belice cultivar) Food Chemistry, v. 107, p. 1522-1528.

SAKOUHI, F.; HARRABI, S.; ABSALON, C.; SBEI, K.; BOUKHCHINA, S.; KALLEL, H.
(2008). a- Tocopherol and fatty acids contents of some Tunisian table olives (Olea europea
L.): Changes in their composition during ripening and processing. Food Chemistry, v. 108, p.
833-839

SANGORRIN, M. P., LOPES, C. A., GIRAUDO, M. R., CABALLERO, A. C. (2007),
Diversity and killer behaviour of indigenous yeasts isolated from the fermentation vat
surfaces in four Patagonian wineries. Int. J. Food Microbiol., v. 119, p. 351-357.

SCHMITT, M. J.; BREINIG, F. (2002). The viral killer system in yeast: from molecular
biology to application. FEMS Microbiology, 26.

SCHROEDER, B. O., BACKHED, F. (2016). Signals from the gut microbiota to distant
organs in physiology and disease. Nature Medicine 22 (10):1079-89.

SERAFINI, F., SBITRI, M., TOMBESI, A., TOMBES]I, S., SAAVEDRA, M., & ESCOBAR,
R. (2007). Técnicas de produccion en olivicultura. Madrid: Consejo Oleicola Internacional.

SHORTT, C. (1999) The probiotic century: historical and current perspectives. Trends Food
Sci. Technol., Amsterdam, v.10, p.411-417.

SILVA, T., RETO, M., SOL, M., PEITO, A,, PERES, C. M., PERES, C., MALCATA, F. X.
(2011). Characterization of yeasts from Portuguese brined olives, with a focus on their
potentially probiotic behavior. LWT - Food Science and Technology,v. 44, p. 1349— 1354.

SIMON, M.-C., STRASSBURGER, K., NOWOTNY, B., KOLB, H.T., NOWOTNY P.,
BURKART, V., ZIVEHE, F., HWANG, J.-H., STEHLE, P., PACINI, G. , HARTMANN, B.,
HOLST, J. J, MACKENZIE, C., BINDELS, L. B., MARTINEZ, I, WALTER, J,
HENRICH, B., SCHLOOT, N. C., RODEN, M. 2015. Intake of Lactobacillus reuteri
improves incretin and insulin secretion in glucose-tolerant humans: A proof of concept.
Diabetes Care 38 (10):1827-1834.

SINGH, P.; TSUJI, M.; SINGH, S. M.; ROY, U.; HOSHINO, T. (2013). Taxonomic
characterization, adaptation strategies and biotechnological potential of cryophilic yeasts from
ice cores of Midre Lovénbreen glacier, Svalbard, Arctic. Cryobiology, v.66, p.167-175.

SINGH, S., R. K. SHARMA, S. MALHOTRA, R. POTHURAJU, AND U. K. SHANDILYA.
2017. Lactobacillus rhamnosus NCDC17 ameliorates type- 2 diabetes by improving gut
function, oxidative stress and inflammation in high-fat-diet fed and streptozotocin treated rats.
Beneficial Microbes 8 (2):243-255.

STATISTA. 2019. Available online: https://www.statista.com/ (accessed on 24 nov 2019).

39



TASSOU, C. C., PANAGOU, E. Z., AND KATSABOXAKIS, K. Z. (2002). Microbiological
and physicochemical changes of naturally black olives fermented at different temperatures
and NaCl levels in the brines. Food Microbiology 19, 605-615.

TERAMOTO, J. R. S. BERTONCINI, E. I., PANTANO, A. P. (2013). MERCADO DOS
PRODUTOS DA OLIVEIRA E OS DESAFIOS BRASILEIROS 1. Informagdes Econdmicas,
SP,v. 43, n. 2.

TERAMOTO, J. R. S. (2010). Historico da Introducdo da Cultura da OLIVEIRA no Brasil.
Expo Azeite Sdo Paulo, Instituto agrondmico de Campinas (IAC).

TOFALO, R.; SCHIRONE, M.; PERPETUINI, G.; SUZZI, G.; CORSETTI, A. (2012a).
Development and application of a real-time PCR-based assay to enumerate total yeasts and
Pichia anomala, Pichia guillermondii and Pichia kluyveri in fermented table olives. Food
Control, v. 23, p. 356 - 362

TOFALO, R.; SCHIRONE, M.; PERPETUINI, G.; ANGELOzZZI, G.; SUzZl, G,
CORSETTI, A. (2012b). Microbiological and chemical profiles of naturally fermented table
olives and brines from different Italian cultivars. Antonie van Leeuwenhoek, v. 102, p. 121 -
131.

TONUCCI, L. B, K. M. OLBRICH DOS SANTOS, C. L. DE LUCES FORTES FERREIRA,
S. M. R. RIBEIRO, L. L. DE OLIVEIRA, H. S. D. MARTINO. 2017a. Gut microbiota and
probiotics: Focus on diabetes mellitus. Critical Reviews in Food Science and Nutrition 57
(11):2296-23009.

TONUCCI, L. B., K. M. OLBRICH DOS SANTOS, L. LICURSI DE OLIVEIRA, S. M.
ROCHA RIBEIRO, H. S. DUARTE MARTINO. 2017b. Clinical application of probiotics in
type 2 diabetes mellitus: A randomized, double blind, placebo-controlled study. Clinical
Nutrition 36 (1):85-92.

TORRES, S., FABERSANI, E., MARQUEZ, A., & GAUFFIN-CANO, P. (2019). Adipose
tissue inflammation and metabolic syndrome. The proactive role of probiotics. European
journal of nutrition, 58(1), 27-43.

UNSD (UNITED NATIONS STATISTICS DIVISION). (2012). Demographic and social
statistics. Disponivel em: <http://
unstats.un.org/unsd/demographic/products/socind/population>. Acesso em: 18 jun. 2018.

VITETTA, L., SALTZMAN, E. T., THOMSEN, M., NIKOV, T., HALL, S. (2017). Adjuvant
probiotics and the intestinal microbiome: enhancing vaccines and immunotherapy
outcomes. Vaccines, 5(4), 50.

WADSTRO™M, T.; ANDERSSON, K.; SYDOW, M.; AXELSSON, L.; LINDGREN, S

GULLMAR, B. (1987). Surface properties of lactobacilli isolated from the small intestine of
pigs. J. Appl. Bacteriol., v. 62, p. 513-520.

40



41



SEGUNDA PARTE- ARTIGOS

ARTIGO 1 - Microbiological and physicochemical characteristics of naturally

fermented brazilian table olives

42



Abstract

This work evaluated the microbial diversity and physicochemical characteristics of fresh fruits
and during the fermentation of Brazilian table olives of cultivars Ascolano and Grappolo. The
isolates were identified by polyphasic techniques: Matrix-assisted laser desorption / ionization
time-of-flight mass spectrometry analysis (Maldi-Tof MS) and DNA sequencing. Chemical
compositions were determined by high-performance liquid chromatography (HPLC). Twenty
species of mesophilic bacteria, seven species of lactic acid bacteria (BAL) and fourteen
species of yeast were identified. Some species prevailed over others, such as Lactobacillus
brevis, Lactobacillus paracasei, Pantoea Agglomerans, Staphylococcus warneri, Candida
parapsilosis, Candida orthopsilosis, Cryptococcus flavescen, Bacillus simplex and Bacillus
thuringiensis. Glucose and mannitol were the main sugars present in the table olive. Acetic,
citric and lactic acid were the acids detected at higher concentrations. In conclusion, the
polyphasic methodology was efficiently performed to identify microorganisms; chemical
analysis helped to understand the fermentation process of olives. These findings are relevant,
characterizing previously unexplored Brazilian olives. Knowledge of the native microbiota
present in the fruits of these olives and the species involved in fermentation and its evolution
along the process may be useful in improving the quality of sensory properties and
preservation. In addition, microbiota characterization may result in the isolation of possible

biotechnologically important microorganisms.

Keywords: Olive growing; olive fruit, fermentation, microorganism, isolation.
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Introduction

Table olives are one of the most important and well-known fermented fruits in the
food industry, with a worldwide production currently exceeding 2.5 million tons per year. The
elaboration of this food has a great impact on the world economy, especially in the
Mediterranean countries, which are the main producers, with more than 80% of the total
output being processed in these countries (I0C, 2019). However, this fruit has adapted to
various regions of South America, where countries such as Brazil have favorable conditions
to produce table olive and olive oil (Oliveira et al. 2012).

According to Portuguese Standard NP - 3034 (1987), "Table olives™ means the product
prepared from fruits of appropriate varieties of the species Olea europaea L., in a suitable
state of maturity, subjected to treatments and operations to ensure its characteristics and good
conservation.

Such preservation occurs by fermentative processes, in which the fermented table
olive has a characteristic aroma resulting from the balance between a set of volatile
compounds such as hydrocarbons, aldehydes, alcohols (ethanol), esters, ketones, and other
compounds. The formation of these compounds is a dynamic process developed during the
fermentation by the present microbiota (Sabatini et al., 2008).

The fermentation of olives can be performed in two ways: by the traditional process,
through spontaneous fermentation, or by the addition of starter culture (Peres et al., 2012). For
the preparation of naturally fermented olives, the harvested fruits are washed with water to
remove surface dirt and placed in brine with a NaCl concentration ranging from 6% to 10%
(Nychas et al., 2002). Then begins the "spontaneous” fermentation process, mostly driven by
yeast, Gram-negative bacteria and lactic acid bacteria (Aponte et al., 2010, Nout, Rombouts,
2000; Oliveira et al., 2004; Piga et al., 2005; Panagou et al., 2011,).

This microbiota is determined by the substrate available for microorganism growth,
salt concentration and also by temperature, pH, anaerobic or aerobic conditions, and presence
of antimicrobial compounds, such as phenolic compounds (Nychas et al., 2002; Panagou et
al., 2008; Tofalo et al., 2012).

Although olives are highly consumed in Brazil, around 7874 ton table olive were
imported in July of 2019 (IOC, 2019), there are not studies on the microbiological and

physicochemical characteristics of olives produced in this country. The objective of the

44



present study was to evaluate the microbial diversity and physicochemical characteristics of
fresh fruits and during the fermentation of Brazilian table olives.

Material and methods

Plant material

In February 2017, olive from two table olive cultivars (Grappolo 541 and Ascolano)
were collected at a suitable maturity stage for processing. The fruits were harvested at green
stage from Experimental Farm of Maria da Fé - Minas Gerais, Brazil (22°18 'south latitude,
45°23' west longitude, average elevation of 1,276 m) protected by the Minas Gerais
Agricultural Research Corporation (EPAMIG), immediately transported for analysis and

selected for brine.

Olive processing

After washing with tap water, 1 kg of drupes of each cultivar were intended for
microbiological, chromatographic and physicochemical analysis, the same amount was put
into 1,5-litre glass containers filled with freshly prepared 10% (w/v) NaCl brine. The
fermentation of each cultivar was performed in triplicate: three lots of olives coming from
different trees in the same olive grove. Fermentations took place on the same days in the same
conditions (+ 25 ° C initial pH 8.3). Samples of fresh and fermenting olives at 30, 60 and 120
days of fermentation were obtained for microbiological and chromatographic analysis.

pH determination
The pH values of olive brine were measured by inserting a combined electrode (Ag /
AgCI reference system) coupled to a potentiometer (DM20-Digimed, Sao Paulo, SP, Brazil)

previously calibrated at 20 ° C, with pH 4 and pH 7 buffer solutions. Determinations were all

times of fermentation and performed in triplicate.
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Nutritional composition of fruits

The approximate composition of the fresh fruits of the two cultivars were studied.
Using AOAC 1995 methods, moisture was determined according to method 925.40 with
modifications; the ash content by weighing samples before and after heat treatment at 550 ° C
in muffle for 6 hours (AOAC method 923.03); the fat content by soxhlet extraction method
according to AOAC method 960.39; and protein according to AOAC method 976.05,
evaluated by micro-Kjeldahl method, with nitrogen-to-protein conversion factor of 6.25.
Crude fiber content was determined using AOAC official method No. 923.03 (1997).

Quantification, isolation, and phenotypic characterization of microorganisms

Aliquots (10 g) of the samples of fresh fruit and fermented table olive were added to
flasks for a pre-enrichment, for isolation of yeast and mesophilic bacteria was used Yeast
extract peptone glucose (YEPG) broth (2% glucose, 1% peptone, 1% yeast extract, w / v), and
incubation at 30 ° C on an orbital shaker (160 rpm) for 48 hours. For isolation of lactic acid
bacteria (LAB), pre-enrichment was performed in Man Rogosa and Sharpe (MRS) broth with
incubation at 37 ° C for 72 hours. Mesophilic bacteria were enumerated by spread plating on
Nutrient Agar (Himedia, Mumbai, India) and lactic acid bacteria on MRS agar (Merck,
Darmstadt, Germany) with added nystatin (Oxoid, England) to inhibit growth of yeasts and
filamentous fungi. The yeasts were enumerated by spread plating on YEPG Agar (2%
glucose, 1% peptone, 1% yeast extract, 1,5 % agar w / v, pH 3). The plates were incubated at
30 °C for mesophilic bacteria and yeasts, and 37 °C for LAB, during 48 h. The morphological
characteristics of the colonies (cell size, cell shape, edge, color, and brightness) were recorded
and the square root of the number of colonies counted for each morphotype was purified by
streaking on new agar plates (Dias; Schwan, 2010). The pure cultures were stored in an ultra-
freezer at —80 °C in the same broth culture media used for plating, containing 20% glycerol

(wiw).

Maldi-tof sample preparation, measurement and data analysis

The obtained isolates (941 colonies) were grown using the culture medium and
incubation conditions specific to each taxonomic group as described above. After incubation

(18 at 24 hours), about 20 mg of each colony were aseptically transferred to microtubes. Each
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isolate was analyzed in triplicate and the protein extraction methodology, equipment
calibration and data analysis method were performed as described by Carvalho et al. (2016).
The equipment used was a Maldi-tof microflex LT spectrometer (Bruker Daltonics, Bremen,

Germany).

Molecular identification

Representative microorganisms from each group resulting from the Maldi-tof MS
cluster were identified by sequence analysis of the 16S rRNA gene for bacteria or the internal
transcribed spacer region (ITS) for yeast. DNA extraction was performed using Insta-Gene
Matrix® Kit (Bio-Rad, Germany) following the manufacturer's instructions. For bacterial
isolates, 16S-rRNA amplifications were performed using primers 27-F (5-AGAGTT
TGATCCTGGCTCAG-3 ") and 1512-R (5-GGCTACCTTGTTACGACT-3'") (Devereux and
Willis 1995). For yeast isolates, ITS-PCR was performed with primers ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3 ") and ITS4 (5-TCCTCCGCTTATTGATATGC-3)
(Nielsen et al., 2007). The amplified PCR products were sent for sequencing to the Macrogen
USA — Humanizing Genomics (MD, USA) and the sequences were compared to the GenBank
database using the BLAST algorithm (National Center for Biotechnology Information,
Maryland, USA).

Determination of Organic Acids and Sugars (HPLC)

Organic acids (lactic, acetic, citric, malic and succinic acids) sugars (fructose, glucose,
mannitol and sucrose) were analyzed. Fruit samples were evaluated at 0, 30, 60, and 120 days
of fermentation. An aliquot of each sample (3 g: only pitted pulp) was homogenized in Falcon
tubes with 20 mL of Milli-Q water by vortexing at room temperature forl0 min. Extracts were
filtered by vacuum pump. Brine sample were evaluated at 30,60 and 120 days of
fermentation. 2 mL of each sample was homogenized with 2 mL of Hexane solvent (Sigma
Aldrich, Germany) by vortexing for 2 min. The solvent was discarded, and extracts were
filtered by through a 0.22um cellulose acetate membrane. For the analyses of organic acids,
the supernatant pH of both samples (fruit and brine) was adjusted to 2.0 using a 200 mM

perchloric acid solution and centrifuged (8000 rpm for 5 min). After acidification, the
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supernatant was filtered through a 0.22um cellulose acetate membrane, all sample were stored
at—18 °C until analysis.

The extracts were analyzed using a HPLC system (Shimadzu, Japan). For the acids
analysis a Shimpack SCR-101H (7.9 mm %30 cm) column was used with a 100 mM solution
of perchloric acid, with a flow rate of 0.6 mL per min as the mobile phase. The oven
temperature was kept at 50 °C, detected with a 210-nm UV detector, and at 30 °C. For the
analysis of sugars, a Shimpack SCR-101C (7.9 mm x 30 cm) column was used with a 100
mM solution of millig water, with a flow rate of 0.5 mL per min as the mobile phase. The
oven temperature was kept at 80 °C, detected with a refractive index detector. The
quantification of compounds was performed using calibration curves constructed with
different concentrations of standard compounds malic and citric acids (Merck, Germany);
lactic acid (Sigma Chemical, USA); acetic and succinic acids (Sigma Aldrich, Germany);
sucrose (Sigma Chemical, USA); fructose (Merck, Germany), mannitol, glucose (Vetec,
Brazil); and analyzed using the same conditions as for the samples. Analyses were performed

in triplicate.

Statistical analysis

Analyses of the variance and the Scott-Knott test were performed with SISVAR 5.1

software (Ferreira, 2008). A value of P< 0.05 was considered significant.

Results and discussion

pH and Nutritional composition

The initial pH of brine added in the olives of cultivars Ascolano and Grappolo was
approximately 8.38, after 30 days of fermentation there was a significant reduction (P <0.05)
for both cultivars, the value reached about 4.91 = 0.5 for Ascolano cultivar and Grappolo
cultivar the pH was 4.65 + 0.23. At the end of the fermentation, after 120 days, the pH
reached about 4.51+0.21 for cultivar Ascolano and 4.57+0.47 for cultivar Grappolo, with no
significant difference (P> 0.05) between the two cultivars (Figure 1).

Similar results were reported by Pino et al. 2018, analyzing olives of Nocellara Etnea
cultivar, the pH values dropped faster in the early days of fermentation and at the end of the
process (after 120 days of fermentation) the pH values ranged from 4.6 to 4.2. In the work of
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Tofalo et al. (2012) the pH of Italian green table olives brine ranged 4.01 and 4.62. It is well
established that pH below 4.5 could preserve table olives from spoilage and pathogen growth
in fermented products, such as C. botulinum (Perricone et al. 2010). Therefore, the pH found
at the end of the fermentation process of Brazilian table olives contributes to the preservation
and safety of this product.

The nutritional composition of fresh fruits olives cultivars Ascolano and Grappolo was
evaluated (Table 1). There was a significant difference (p <0.05) for moisture, fat and
carbohydrates content among olive cultivars. The cultivar Ascolano had a higher moisture and
carbohydrates content (65.73 and 88%, respectively). The other compounds (protein, ashes,

fibers) analyzed were very similar between the two cultivars analyzed.

8_\
\\ -#@- Grappolo
kN -®: Ascolano
- e Y
7 Y
I Y
o "
N
6- N

Days of fermentation

Figure 1 Changes in a pH during 120 days of brine fermentation. Error bars indicate standard
errors of the means. * Indicate significant differences (P<0.05) at all time of fermentation by
the Scott-Knott test.

Table 1 Approximate composition of fresh olives fruits of Ascolano and Grappolo cultivars

Cultivar

Composition (%) Ascolano Grappolo
Moisture 65.73 2+ 0.27 64.55° +0.05
Fat 15.38°+1.19 20.152+0.02
Protein 3.062+0.24 3.612+0.27
Ashes 5.362+0.49 5.042+0.50
Fibers 4.37%+0.08 4.16%+0.26
Carbohydrates 5.883+1.21 2.43°+0.52
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Results (% in whole matter) are expressed as mean + SD, determined in duplicate. Different
letter in the same column indicate significant differences (P<0.05) by Scott-Knott test

Quantification of microorganisms

The bacterial and yeast population present in the olives before and during the
fermentation process were quantified by plating (Figure 2). The natural fermentation process
of cultivars table olives Ascolano and Grappolo were characterized by two distinct phases. In
the first phase (first 30 days) an increase in the yeast population was observed, and in general
the lactic acid bacteria and mesophilic bacteria population decreased during this period. In the
second phase, the mesophilic bacteria population decreased, and the lactic acid and yeast
bacteria concentration increased, the latter being predominant during the whole fermentation
process.

The mesophilic bacteria count started at 8.11+0.54 and 8.95+0.5 log CFU per g for
cultivars Ascolano and Grappolo but decreased throughout the process until reaching values
of 4.17+0.38 and 4.59+0.53 CFU per g, respectively. In contrast, total yeasts started at
5.72+0.43 and 7.18+0.21 log CFU per g for the fresh fruits of cultivars Ascolano and
Grappolo, and increased throughout the fermentation process, reaching values of 9.17+0.54
and 8.06+0.37 log CFU per g, respectively. Similar behavior in population counting was
observed for lactic acid bacteria in cultivar Ascolano, in which fresh fruits presented a total of
6.58+0.31 log CFU per g after 120 days of fermentation, this value increased to 8.18+0.29 log
CFU per g, however, a reduction in the count of LAB for cultivar Grappolo was observed,
initially the count was of 7.49+0.17 log CFU per g and at the end of the fermentation (120
days) reached 6.18+0.62 log CFU per g.

Although the mesophilic bacteria were predominant in the fresh fruits of both
cultivars, throughout this fermentation process there was a reduction of this group of
microorganisms, which at the end of fermentation presented a lower count when compared to
the presence of yeast and lactic acid bacteria. This event probably occurs due to the sensitivity
of total bacteria to the presence of acids, since the fermentation process of olives is
characterized by the progressive reduction of pH values, therefore the total bacteria present
tend to disappear (Garrido-fernandez et al., 1997).

A reduction in LAB growth was observed in the first phase of cultivars Ascolano and
Grappolo, this fact may be a result of the sensitivity of such microorganisms to the presence
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of phenolic compounds in olive pulp and brine (Arroyo-lopéz et al., 2008), as well as the
presence of high salt concentration and lower nutrient availability in the environment (Aponte
et al., 2010). The LAB play an extremely relevant role in the fermentation process of olives
due to their ability to produce lactic acid and antimicrobial compounds such as bacteriocins,
being responsible for promoting rapid acidification of brine and consequently inhibiting the
development of pathogenic microorganisms (Arroyo-lopéz, et al., 2012).

Yeasts were predominant in the fermentation process of olives cultivars Ascolano and
Grappolo. Such predominance during fermentation may be related to the fact that yeasts are
more tolerant to the environmental conditions often found in table olives processing, such as
NaCl concentrations (8- 10% wi/v) (Fernandez et al., 1997; Panagou et al., 2008; Rejano et al.,
2010), phenolic compounds present and low pH (Arroyo-lopéz et al., 2009).

As the results showed high yeast counts throughout the fermentation stage, they may
play a significant role in table olives as they produce volatile compounds and metabolites with
important organoleptic attributes that determine the quality and flavor of the final product
Some species are associated with oleuropein hydrolysis, catalyzed by the enzyme glucosidase,
contributing to the removal of bitterness that is naturally present in olives. (Hernandez et. al.,
2007; Arroyo-lopéz et al., 2008).

For Ascolano olives, a higher concentration of microorganisms was observed at all
times of the fermentation process. This fact can probably be explained by the higher
carbohydrate concentration (Table 1), so this fruit has the highest amount of nutrients

available for the development of microorganisms.
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Figure 2 Changes in LAB, yeast and total bacterial populations over 120 days of
fermentation. A: cultivar Ascolano, B: cultivar Grappolo. Error bars indicate standard errors

of the means.

Identification of microorganisms

Twenty species of mesophilic bacteria belonging to 8 genera were identified,
composed of 12 species identified in the Ascolano variety and 15 species in cv. Grappolo. The
lactic acid bacterial population was less diverse in terms of species. Seven LAB species were
identified, belonging to two genera. All species were identified in cultivar Ascolano, and three
species identified for cultivar Grappolo. The yeast population was more diverse in terms of
genera, comprising 11 genera and fourteen identified species, all identified in cultivar
Ascolano and seven species (6 genera) identified in cultivar Grappolo (Table 2).

Nine hundred and forty-one isolates were obtained, and identification was performed
by a combination of MALDI-TOF and 16S rRNA sequencing, among them 544 isolates
correspond to cultivar Ascolano and 397 comprise cultivar Grappolo. From the analyzed
sequences a similarity of 97% -100% was observed. The abundance of each microorganism
was calculated in relation to the total population of the different groups (lactic acid bacteria,
total bacteria and yeast) analyzed in the fruit and at each time of the fermentation process. All
strains identified by sequencing were deposited with the National Center for Biotechnology
Information (NCBI) and are shown in Table 2. Some of the bacteria and yeast strains
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identified in the study were deposited with the Microbiology Crop Collection (http:
/lwww.ccma.dbi.ufla.br) and were coded as CCMA (as listed below).

The genera of LAB found were Lactobacillus and Enterococcus. These genera are
usually found in fermented green olives not treated with NaOH (Bravo et al., 2007; Hurtado et
al., 2008; Randazzo et al. 2004). Recent works focusing on the study of bacterial biodiversity
in table olives has found that L. pentosus and L. plantarum were the dominant species in
LAB. (Lucena-Padrds et al., 2014a,b; Tofalo et al., 2014; Comunian et al., 2017, Benitez-
Cabello et al, 2019, Lucena-Padrds, Ruiz-Barba, 2019). On the other hand, our work showed
that these species did not dominate the fermentation process, being isolated only after 120
days of fermentation, the dominant LAB species in Brazilian fermented green olives not
treated with NaOH were Lactobacillus brevis and Lactobacillus paracasei.

Regarding mesophilic bacteria, the identified microorganisms belong mainly to the
families Enterobacteriaceae, Staphylococcaceae and Bacillaceae, previously isolated from
table olives. (Campaniello et al., 2005). In agreement with this study, other authors also
observed that Enterobacteriaceae members growth in olives mainly at the beginning of
fermentation (De Castro et al., 2002; Tassou et al., 2010; Alves et al., 2012; Randazzo et al.,
2012).

Regarding yeasts species, in the fresh olives were identified the genera Cryptococcus
and Rhodotorula. According to Hernandéz et al. (2007) whatever their origin, fresh olives are
usually colonized mainly by yeasts of the genera Cryptococcus, Candida and Rhodotorula.
The presence of yeast during the processing of table olives is very common, particularly
species of genera Candida, Pichia, Rhodotorula, Saccharomyces and Debaryomyces
(Garrido-Fernandez et al., 1997; Arroyo-Lopez et al., 2012). P. guilliermondii is a species
related to high volatile phenol production (Martorell et al., 2006; Barata et al., 2006), but has
rarely been associated to olive environments (Arroyo Lépez et al., 2007). Analyzing naturally
fermented Spanish green table olives, Arroyo Lépez et al. (2006) also identified the species
Saccharomyces cerevisiae and Geotrichum candidum.

The Candida parapsilosis yeast was found throughout the olive fermentation process
of this study, which agrees with the study performed by Aponte et al. (2010), that revealed the
presence of this specie, during the entire fermentation period of Sicilian green table olives. In
a recent study (Sidari, Martorana, De Bruno, 2019) the yeast biota associated with table olives

of the cultivar Nocellara messinese naturally fermented was studied, some species in common
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with this study were identified: Saccharomyces cerevisiae, Wickeramomyces anomalus and
Candida tropicalis.

Olive microbiota studies mainly refer to fruits from the Mediterranean region, some
isolated species in these olives are also present in Brazilian olives, but most microorganisms
and their concentration along the fermentable process of Brazilian olives are quite variable.
Therefore, in addition to the microbiota variation that occurs according to table olive
cultivars, the amount and species of microorganisms may also vary according to the regions
and climates characteristic of olive cultivation.

The species found in the two cultivars were Lactobacillus brevis CCMA1766 ,
Lactobacillus paracasei CCMAL1763, Lactobacillus pentosus CCMAL768, Bacillus
altitudinis, Bacillus megaterium, Bacillus subtilis CCMA 1781, Pantoea Agglomerans,
Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus warneri CCMA 1778,
Candida parapsilosis CCMAL752, Candida orthopsilosis CCMAL757, Cryptococcus
flavescens, Dipodascus australiensis CCMA 1755, Galactomyces candidum CCMA 1744,
Meyerozyma caribbica CCMA1758 and Rhodotorula mucilaginosa. Some species were found
only for cultivar Ascolano, Enterococcus casseliflavus, Enterococcus faecium, Lactobacillus
plantarum, Lactobacillus vaccinostercus, Acinetobacter ursingii, Bacillus cereus CCMA
1779, Bacillus mojavensis, Bacillus pumilus, Curtobacterium sp, Candida tropicalis
CCMA1751, Debaryomyces hansenii CCMA1761, Galactomyces geotrichum CCMA 1759,
Geotrichum silvicola, Pichia guilliermondii CCMAL1753, Saccharomyces cerevisiae
CCMAL1746 and Wickerhamomyces anomalus. In cultivar Grappolo species exclusively
identified were Bacillus methylotrophicus CCMA 1780 Bacillus simplex, Bacillus
thuringiensis, Dermacoccus nishinomiyaensis, Lysinibacillus boronitolerans, Micrococcus
luteus, Staphylococcus capitis, Staphylococcus pasteuri (Table 2).

In general, the difference in the microbiota composition present in olives can be
attributed to the olive variety, the means used for harvesting and the storage conditions (Fakas
et al., 2010). The olive trees analyzed in this study coexist in the same habitat, but their olives
harbor different microbial species. The relationship between plant characteristics at cultivar
level (and their genotypes) and microbial populations in the developing philosopher has
already been observed (Balint-Kurti et al. 2010; Hunter et al., 2010).

It should be noted that the method of identification by a combination of MALDI-TOF
and 16S rRNA sequencing used in this study is most likely accurate in identifying

microorganisms first isolated from cv olives. Ascolano and Grappolo. A greater variety of
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species was observed for the cultivar Ascolano, together with a higher microorganism count,
so this Brazilian table olive cultivar can be further explored to obtain strains with functional

potential.
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Table 2 Population of bacteria and yeast present in olive fruit and during fermentation

Species identified CII_:(l)Jg/g A;]leﬁf’;'eorn Ascolano Grappolo
Acid lactic bactéria F 30 60 120 F 30 60 120
Enterococcus casseliflavus 3.90 n.s.
Enterococcus faecium 4.97 n.s.
Lactobacillus brevis 8.21  EF412982. _F
Lactobacillus paracasei 8.01  CP025582.
Lactobacillus pentosus 6.38  KX057553.
Lactobacillus plantarum 510 KJ994464.1
Lactobacillus vaccinostercus  6.30 n.s.
Species identified CII_:(l)Jg/g A;]leﬁfgleorn Ascolano Grappolo
Total bactéria F 30 60 120 F 30 60 120
Acinetobacter ursingii 3.04 n.s.
Bacillus altitudinis 6.18 n.s. -
Bacillus cereus 3.30 KJ626301.1
Bacillus megaterium 7.56 n.s.
Bacillus methylotrophicus 4.70 KR818074.
Bacillus mojavensis 5.16 n.s.
Bacillus pumilus 4.83 n.s.
Bacillus simplex 6.85 n.s. -
Bacillus subtilis 4.82  JN984933.1
Bacillus thuringiensis 8.72 KT340483. -
Curtobacterium sp. 5.44 n.s.
Dermacoccusnishinomiyaensi  4.76 n.s.
Lysinibacillus boronitolerans  4.93 n.s.
Micrococcus luteus 4.91 n.s.
Pantoea Agglomerans 8.14 FR832419. _ -
Staphylococcus capitis 4.40 n.s.
Staphylococcus epidermidis 5.44 n.s.
Staphylococcus hominis 5.94 n.s.
Staphylococcus pasteuri 3.85 LN623633.
Staphylococcus warneri 8.60 MH368264. - -
Lo .
Species identified CFLgJ/ Accession Ascolano Grappolo
9 number
Yeast Total F 30 60 120 F 30 60 120
Candida parapsilosis 8.91 KY102320. ;—-1
Candida orthopsilosis 8.94 FM178400.
Candida tropicalis 4.18 KP675687.
Cryptococcus flavescens 6.13 n.s. -
Debaryomyces hansenii 4,74 KX981201.
Dipodascus australiensis 6.00 KU132331.
Galactomyces candidum 430 KM115127.
Galactomyces geotrichum 5.00 JO668739.1
Geotrichum silvicola 6.71 n.s.
Meyerozyma caribbica 7.57 KP675261. -
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Pichia quilliermondii 3.40 EF190227.
Rhodotorula mucilaginosa 7.17 n.s. - -

Saccharomyces cerevisiae 5.36 CP029160.

Wickerhamomyces anomalus ~ 4.15 LC120363.

Database accession number of NCBI Blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi) n.s.: not
sequenced, identified by MALDI-TOF with a score above 2.000; F: fresh olive fruit 30-120:
Days of fermentation;

D15 1 s0 1%
L
Abundance (%)

Determination of Organic Acids and sugars (HPLC)

In fresh olives, sucrose, glucose, mannitol and fructose were identified and quantified
(Figure 3). These sugars are naturally present in the olive pulp due to transport by phloem
from mature leaves and by photosynthesis formation, and they are very significant for the
lipid biosynthesis and fruit growth. Sucrose, glucose and fructose were also identified in other
studies, and were the main sugars in fresh fruit olives (Tekaya et al. 2018, Sanchez-Rodriguez
et al. 2019).

The amount of total sugar at the fresh fruit was not abundant (0-2.7 g/L), and glucose
was the main component in both the cultivars olive, presenting high concentration (P<0.05) in
both fruit and brine (Figure 3). For the cultivar Ascolano, apparently the glucose and mannitol
were consumed during the fermentation, presenting reduction (P<0.05) in concentration over
the fermentation time. However, in the cultivar Grappolo, only glucose concentration
decrease (P<0.05) over time of fermentation.

In olives and brine of our study, total sugars were not utterly exhausted at the end of
fermentation. On the other hand, in a recent study (Romero-Gil et al. 2019), commercial
seasoned packaged cracked olives of the Alorefia de Malaga cultivar were analyzed and the
brines total sugars were completely depleted at the end of the shelf-life of olives. Fact also
observed in the work of Tufariello et al. 2019, where in the black olive fermentations of the
cultivars Kalamata, Picual and Manzanilla, glucose was almost completely consumed in all

spontaneous fermentation.
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Figure 3 Changes in the sucrose, glucose, fructose, and mannitol over time during the
fermentation. A: olive fruits cultivar Ascolano; B: brine cultivar Ascolano; C: olive fruits
cultivar Grappolo; D: brines cultivar Grappolo. Error bars indicate standard errors of the
means. Different lower-case letters in the same column indicate significant differences
(P<0.05) in each time and different capital letters in the same column indicate significant
differences (P<0.05) at all time of fermentation by Scott-Knott test

The acetic acid, citric acid, lactic acid, malic acid, succinic acid were quantified and
identified in our study (Figure 4). These results are in line with a study of Tufariello et al,
2015, studying black olives naturally fermented, all acids were also quantified, and lactic and
acetic acid increased during fermentation.

The individual and total levels of organic acids in olive fruits may change in relation
to the maturation and variety (Ergonul, Nergiz, 2010). In our study, the ripening effect can be
ignored because both cultivars were harvested at the same ripening point.

The organic acids (lactic, citric, tartaric and acetic acid) were the more representive
metabolites in the brines, according to data produced by spontaneous fermentations performed
on green and black olive fermentations (Nychas et al., 2002; Chorianopoulos et al., 2005;
Panagou et al., 2008; Bleve et al., 2014, 2015a). The compounds acetic acid, succinic acid,
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formic acid and ethanol are usually produced by yeasts (Querol and Fleet, 2006). In a study
by Aponte et al. (2010) Sicilian table olive fermentation dominated mainly by yeasts
presented a considerable number of volatile compounds during the fermentation, and the most
of these compounds derived from the degradation of polyunsaturated fatty acids through
lipoxygenase pathways.

The concentration of acetic acid found in Ascolano cultivar (fruit and brine) and
Grappolo (fruit) olives increased (P<0.05) over the fermentation time, this fact was likely due
to the presence of heterofermentative LAB strains (Romero-Gil, et al. 2019).

The concentration of sugars and organics acids was higher in olive brines than in fresh
fruits, a fact already expected since in spontaneous fermentation occurs the diffusion of sugars

and other soluble compounds through the olive peel to the brine (Hernandez et. al., 2007;
Arroyo-Lopez et al., 2008).
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Figure 4 Changes in the acetic acid, citric acid, lactic acid, malic acid, succinic acid over time
during the fermentation. A: olive fruits cultivar Ascolano; B: brine cultivar Ascolano; C: olive
fruits cultivar Grappolo; D: brines cultivar Grappolo. Bar indicate SD. Error bars indicate
standard errors of the means. Different lower-case letters in the same column indicate
significant differences (P<0.05) in each time and different capital letters in the same column

indicate significant differences (P<0.05) at all time of fermentation by Scott-Knott test.
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Conclusions

Nine hundred and forty-one isolates were obtained, 20 species of total bacteria, 7
species of lactic acid bacteria and 14 species of yeast were identified. The species
Lactobacillus brevis, Lactobacillus paracasei, Pantoea Agglomerans, Staphylococcus
warneri, Candida parapsilosis, Candida orthopsilosis, Cryptococcus flavescen, Bacillus
simplex, Bacillus thuringiensis showed high dominance over other species and probably have
an important olive influence on fermentation.

To our knowledge, this is the first study in which the isolation and identification of
microorganisms present in fresh fruits and during the fermentation process of Ascolano and
Grappolo olives were carried out. Knowledge of the native microbiota present in the fruits of
these olives, the species involved in fermentation and their evolution along the process, and
the physicochemical characteristics may be useful in improving the quality of these olives,
improving their sensory properties and preserving and safeguarding them. In addition, the
characterization of the fermentation process of olives may result in the isolation of possible

microorganisms with interesting biotechnological characteristics.
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Abstract

Consumption of probiotic products has recently increased with the predominant intention to
promote human well-being. The selection process for new probiotic candidates is a
considerable challenge to be faced. Lactic Acid Bacteria are highly valued as beneficial
microorganisms for their probiotic properties. This study aimed to investigate the probiotic
potential of Lactic Acid Bacteria (LAB) isolated from Brazilian naturally fermented table
olives, in order to obtain new potentially probiotic strains. From a total of 14 LAB, six
showed potential properties for use as probiotics: Lactobacillus pentosus CCMA 1768;
Lactobacillus paracasei CCMA 1771; Lactobacillus paracasei CCMA 1774; Lactobacillus
paracasei CCMA 1770; Lactobacillus brevis CCMA 1766 and Lactobacillus brevis CCMA
1762. The isolates showed a similar or higher percentage (p<0.05) of tolerance to pH 2.0 and
bile salts (0.3% wi/v), hydrophobicity, autoaggregation, coaggregation with E. coli and S.
Enteritidis and antimicrobial activity against S. Enteritidis, L. monocytogenes and S. aureus,
compared to the reference strain Lactobacillus paracasei LB-81. All the isolates tested
showed a similar or higher percentage (p <0.05) of adhesion than the reference strain L.
paracasei LBC-81, and the strain L. brevis CCMA 1762 showed the highest (p<0,05)
adhesion percentage to Caco-2 and HT-29 cell lines both cells tested. These results indicate
the six selected Lactobacillus spp. strains isolated from fermented table olives as potentially

probiotic candidates.

Key words: LAB, Fermented olives, Adhesion, Hydrophobicity, Autoaggregation.
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Introduction

Probiotics are live microorganisms that when administered in adequate amount confer
health benefits to the host (Hill et al., 2014). Lactic acid bacteria (LAB), particularly certain
strains of the genus Lactobacillus, are the most commonly used probiotics in foods, because
they are desirable in the intestinal microflora and have "Generally Recognized as Safe"
(GRAS) status (Shokryazdanet et al. 2014).

The consumption of probiotics to promote health and well-being has increased
worldwide in recent years (Suez, et al. 2019). There are several mechanisms that probiotic
microorganisms use to exert their beneficial effects on the host health: colonization and
adhesion to epithelial cells, production of biosurfactants and antimicrobial compounds
(organic acids, bacteriocins, hydrogen peroxide and other compounds), co-aggregation of
pathogens, competition for nutrients and support the immune system (Pellegrino et al., 2018).

Most commercially available probiotic microorganisms are originally isolated from
human feces samples, to maximize the likelihood of compatibility with the intestine
microbiota and improve their chances of surviving in this inhospitable environment.
However, microorganisms isolated from fermented foods have shown probiotic abilities in “in
vitro” tests, therefore, traditional fermented foods, as a fermented vegetables, are a reservoir
for research into new strains with new functional properties (Cruz; Faria; Dender, 2007;
Rivera-espinoza; Gallardo- Navarro, 2010, Ayeni et al., 2011).

Microbial ecology studies of olive fermentative processes show a succession of mixed
populations (Enterobacteriaceae, lactic acid bacteria and yeast), as well as a promising source
of new probiotic lactic acid bacterial strains (De Bellis et al., 2010; Bautista-Gallego et al.,
2013; Argyri et al., 2013; Doulgeraki et al. 2013; Bleve et al. 2015; Tufariello et al. 2015;
Bonatsou, et al. 2017; Pino et al., 2018; Guantario et al., 2018; Benitez-Cabello et al. 2019).

Properly reducing the pH of table olives is the determining factor for successful
fermentation and ensuring a safe and quality product. Due to the complexity and the exclusive
dependence of the fruit's natural microbiota on pH reduction, the non-spontaneous process
performed through starter culture inoculation is a widely used alternative (Ruiz-barba,
Jiménezdiaz, 2012).

The use of starter crops with probiotic potential becomes a major attraction for table
olives manufacturing, these microorganisms can prevent the development of spoilage through

competitive inhibition, allowing a rapid pH decrease, avoiding any kind of microbiological
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spoilage during fermentation. , besides characterizing the table olive product as potentially
probiotic.

Table olives are considered a very interesting matrix to support the survival of strains
with probiotic potential because of the presence of prebiotic substances, nutrient release from
fruits and their microstructure. In addition, the rough surface of olives tends to protect
microorganism from the acidic environment and favor the formation of mixed biofilms of
microorganisms, such as LAB and yeast, capable of transporting probiotics to the human
gastrointestinal tract (GI) (De Bellis et al., 2010; Ranadheera et al., 2010; Arroyo-Lopez et al.,
2012; Blana et al., 2014; Rodriguez-Gémez et al., 2014a,b, 2017; Argyri et al., 2015 Grounta
et al., 2015).

Although a high number of probiotic LAB strains have been characterized, the search
for new probiotic strains remains of interest because of the wide use possibilities of these
microorganisms, especially their incorporation into food matrices (llha, et al. 2015). So, the
aim of this study was to evaluate in vitro the probiotic potential of Lactic Acid Bacteria

isolated from Brazilian naturally fermented table olives.

Chemicals and Culture conditions

A total of 14 (Suppl. Table I) Lactic acid bacteria (LAB) strains belonging to the
Culture Collection of Agricultural Microbiology (CCMA) of the Federal University of Lavras
and isolated from fermented naturally table olives from the Experimental Farm of EPAMIG
(Minas Gerais Agricultural Research Company) in the city of Maria da Fé-MG, Brazil (22°18
' south latitude and 45°23" west longitude). The LAB were preserved in Man Rogosa and
Sharpe (MRS) (Oxoid, England) broth and were maintained as frozen stocks at — 80 °C in the
presence of 20% (v/v) glycerol as a cryoprotective agent. For their use, each strain was
cultivated in MRS broth and incubated at 37 °C for 48 h.

The pathogenic strain employed in the coaggregation and inhibitory action against
pathogens assay were Escherichia coli (EPEC) INCQS 00181 CDC 055, Salmonella
Enteritidis ATCC 564, Listeria monocytogenes ATCC 19117 and Staphylococcus aureus
ATCC 8702. The pathogens are grown at 37° C for 24 h in BHI (Brain heart infusion,
Himedia)

70



The reference strain selected for all assays was the lyophilized Lactobacillus
paracasei LBC-81 (Danisco A / S, Copenhagen, Denmark) bacteria. This microorganism was
reactivated in MRS broth at 37 °C for 48 h.

To perform standardization of LAB, pathogens and reference strain inoculum, a
growth curve was elaborated, followed by absorbance (D.O. 600nm) and plaque counting
using MRS agar for LAB and BHI agar for pathogens. The plates were incubated at 37 ° C for
48 hours and the inoculum standardized at 108 CFU / mL.

Tolerance to pH 2.0

The 14 isolates of LAB were tested for tolerance to acid pH, according to Ramos et al.
(2013) with certain modifications, aiming to select the resistant strains at pH 2,0. Isolates
were grown and centrifuged 5000 rpm for 5 min at 4 °C, the cell pellets were washed twice
with phosphate buffered saline (PBS: 10 mM KH2PO4/K>HPO4 ,150 mM NaCl, pH 7), then
the strains were resuspended in MRS broth with pH adjusted to 2.0 using an acid solution (1
N HCI) and incubated during 3 h at 37 °C. Samples (100 uL) were obtained at the beginning
(time 0) and at the end of incubation (time 3) for determination of total viable count. Dilutions
were made (up to 107) and cells were plated in duplicate on MRS agar in triplicates and
incubated at 37° C for 48 h. The percentage of survival at pH 2 was calculated using the
equation: Survival at pH 2 (%) = Final viable count (log10 CFU/mL) / Initial viable count
(log10 CFU/mL)) x 100.

Bile salt tolerance

The bile salt tolerance assays were conducted according to the methodology used by
Matijasic and Rogelj, 2000, with some modifications. The cells were cultivated and harvested
by centrifuging 5000 rpm for 5 min at 4 °C, pellets were washed twice with Phosphate
Buffered Saline (PBS: 10 mM KH2PO4/K2HPO4 ,150 mM NaCl, pH 7), so were resuspended
in MRS broth containing 0.3 (v/v) of bile salt (Oxgall). In the times of 0 and 3 h of incubation
at 37°C, viable counts on MRS agar plates were determined in triplicates. Plates were
incubated at 37° C for 48 h. The percentage of survival at bile salt was calculated using the
equation: Survival at bile salt (%) = Final viable count (log10 CFU/mL) / Initial viable count
(log10 CFU/mL)) x 100.
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Cell Surface Hydrophobicity

The cell surface hydrophobicity assays were performed according to Santos et al.
(2015), with some modifications. The LAB were cultivated and the pellets cells were obtained
by centrifugation (7000 rpm for 5 min at 4 °C), after the pellets were washed twice and
resuspended in PBS (50 mM K2HPO4/KH2POys, pH 6.5) solution to achieve an OD at 600 nm
of 1.0, named A600 value (AQ). The organic solvent n-hexadecane (Sigma-Aldrich, Saint
Louis, USA) was mixed (1:5) with the cell suspension and vortexed during 2 min. 1 hour after
incubation (37 °C), measured the A600 value (A) of the formed aqueous layer. The cell
surface hydrophobicity was calculated using the equation: %H = [(A0-A)/A0] x 100; the
values for AO: absorbance values measured before the extraction and A: absorbance values

measured after the extraction with N-hexadecane.

Autoaggregation and coaggregation assays

Autoaggregation assays were done according to the methodology describe by Del Re,
Sgorbati, Miglioli, Palenzona (2000) with certain modifications. The isolates were grown and
centrifuged (5000 rpm for 15 min), after the pellets were washed three times and resuspended
in Phosphate Buffered Saline (PBS: 10 mM KH2PO4/K;HPO; ,150 mM NaCl, pH 7), to
achieve viable counts of approximately 108 CFU/mL. 4 mL of the cell suspensions were
mixed by vortexing (10 s) and incubated at room temperature during 24 h. After the
incubation, the auto-aggregation was measured at 600 nm. The autoaggregation percentage is
expressed as: 1- (AO/At) x 100, where AO represents the optical density at start of experiment
and At the data after 24 h. All experiments were performed in triplicate

The method for preparing the cell suspensions for coaggregation with pathogens was
the almost same as that for autoaggregation assay. Strains of tested LAB and pathogenic
microorganisms: Escherichia coli (EPEC) INCQS 00181 CDC 055 or Salmonella Enteritidis
ATCC 564 were mixed at equal parts (2 mL) in pairs (LAB + selected pathogen) by vortexing
for 10 s. Control groups of individual microorganisms were tested as reference. The
absorbance at 600 nm of the suspensions were measured right after mixing and passed 4 h of
incubation at 37°C. Samples were retrieved following the procedure from the autoaggregation
assay. The percentage of coaggregation was calculated using the equation of Handley et al.
(1987):

Coaggregation (%) = ((Ax + Ay)/ 2) -A(x +y) x 100
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Ax + Ay/2
where x and y represent each of the two strains in the control tubes, and (x + y) the mixture.

Antimicrobial activity

Antimicrobial activity was evaluated following the methodology described by Prado et
al. (2000). The LAB cells (10 CFU/mL), were centrifuged (8000 rpm for 5 min at 4 °C) and
the supernatant was used for the diffusion technique in wells, 50 ul was added to the wells
done on BHI medium containing 1 mL of the pathogen (108 CFU/mL). The plates were
incubated at 37 °C for 48 h. How positive control was used wells with culture medium
without microorganisms. The antimicrobial activity was confirmed by a growth free inhibition

zones around the well.

Safety Assessment
Gelatinase Activity

Selected LAB isolates were tested for gelatinase production using tryptone-
neopeptone-dextrose (TND) agar (g/L: tryptone 17.0, neopeptone 3.0, dextrose 2.5, NaCl 5.0,
K2HPO4 2.5 and agar 20.0) containing 0.4% gelatin. The LABs were cultivated and 10 pL of
the cells culture was plated in plates containing the medium TND (incubation 37°C for 48
hrs). After the incubation was added a saturated ammonium sulfate solution enough to flood
the petri plates. The positive reaction was defined by the development of clear zones around
the spots (Gupta and Malik, 2007).

DNase Production

The LAB isolates were subjected to analysis DNase enzyme production. The strains
were grown and 10 pL of the cells culture was plated in DNase agar medium (HiMedia). The
plates were incubated at 37°C for 48 hours. Then, was added an HCI (2mM) solution enough
to flood the petri plates, the confirmation of a DNase enzyme production was determined by a

clear zone around the colonies (Gupta and Malik, 2007).
Hemolytic Activity

The strains were tested for the hemolytic activity, 10 pL of the LAB cells culture were
inoculated on culture medium “Triptone soy agar” 10% (TSA, bacto ™ Bd, USA),
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supplemented with 5% (v / v) of defibrated ram's blood. The plates were incubated for 48 h at
37 ° C and the development of a clear zone of hydrolysis around the colonies was considered
as a positive result and the isolates cannot be selected for potential probiotic use (Youssef et
al. 2004).

Adhesion to Caco-2 and HT-29 cell Lines
Growth and Maintenance of Mammalian Cell Lines

The Caco-2 and HT 29 cells used in adhesion tests were provided by Cell Bank of Rio
de Janeiro (BCRJ, Rio de Janeiro, Brazil) and all solutions used in assays were obtained from
Invitrogen (GibcoNaerum, Denmark). The cells were grown in modified Eagle’s minimal
essential medium (MEM) added with 10% (v/v) heat-inactivated fetal bovine serum, 1xnon-
essential amino acids, and 0.1 mg/mL gentamicin, so were maintained at 37 °C in a
humidified atmosphere of 5% CO2, with the culture medium being routinely exchanged for
new media until the cells reached confluent monolayer (80-90%), then they were sub-

passaged for the assays plates

Caco-2 and HT-29 cell line adhesion assay

The adhesion test to the human colon adenocarcinoma cell line (Caco-2 and HT 29)
were conducted according to the methodology used by Ramos et al. 2013, with certain
modifications. The cells were subcultivated (2x10° cell/mL) in 24-welltissue culture plates
(Sarstedt, Germany) and grown for 21 days (cell medium changed on alternate days) at 37 °C
in a humidified atmosphere of 5% CO2 to obtain differentiation.

The LAB isolates selected were cultured in MRS broth for 24 h at 37 °C and, after
washing twice with phosphate buffered solution PBS (10 mM KH2PO4/K;HPO4 e 150 mM
NaCl, pH 7,4), so were resuspended in the Eagle’s minimal essential medium (MEM), at a
concentration of about 108 CFU/mL, and 1ml of each strain suspension was added to the cell
line culture in the each well and incubated (1:30 h, 37 °C , 5% CO> atmosphere). Then, the
cells were washed three times with 1 mL of PBS to remove non adherent bacteria cells and
lysed with 1 mL of Triton-X solution (0.1% v/v in PBS), with incubation for 10 min at 37 °C.
After, the solution with released bacteria cells was serially diluted and enumerated on MRS
agar. The plates were incubated at 37 °C for 48 h. Adhesion ability was expressed as the
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percentage ratio between the bacteria counts initially seeded and the counts after the washing

steps (CFU/mL). The assays were performed with triplicate and repeated twice.

Cumulative Probiotic Potential

The probiotic potential of the Lactobacillus isolates was assessed using 27 point

scores, and the cumulative probiotic potential (CPP) was calculated as per the formula: CPP =
(Observed score/Maximum score) x 100, depicted by Tambekar, Bhutada (2010). Each

property of isolated probiotics from olive table, commercial probiotic preparations were

scored as under:

Probiotic characters

Indication

Score

Survival at pH 2.0

Survival at Bile

Hydrophobicity

Autoaggregation

Coaggregation with E. coli

Coaggregation with S. Enteritidis

Activity Antimicrobial

Adhesion to Caco-2 cells

Adhesion to HT-29 cells

87-92%
93-96%
97-100%

87-92%
93-96%
97-100%

16-21%
22-26%
27-32%

74-719%
80-84%
85-89%

22-26%
27-31%
32-36%

53-57%
58-61%
62-65%

2-2,1mm
2,1-2,2 mm
2,2-2,3 mm

1,8-5,8%
5,9-10,8%
10,9-17,8%

6-20%
21-40%
41-55%

[HEN

WN - WN - wN - WwWnN - WN - WwWnN - wWN - wWN - w N
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Statistical analyses

Analyses of the variance and the Scott-Knott test were performed with SISVAR 5.1

software (Ferreira, 2008). A value of P< 0.05 was considered significant.

Results and Discussion
Tolerance to pH 2.0 and bile salt

In order to confer beneficial effects on the host, it is crucial that probiotic bacteria are
alive in the food to be consumed, and additionally can reach the large intestine in an adequate
amount to colonize and proliferate in this environment (Shah, 2000).

A total of 14 Lactic acid bacteria (LAB) isolates obtained from naturally table olive
fermentations were exposed to acid conditions (Suppl. Table I). 13 LAB isolates strains were
able to tolerate low pH maintaining viability ( >8 log CFU/mI) after inoculation at pH 2.0 for
3 h. Usually, Lactobaccillus spp. are the bacteria that are most resistant to low pH values and
have great adaptation in different food matrices, especially because they are a type of species
that occurs naturally in several fermented products (Tripathi, Girir, 2014). The strain L. brevis
CCMAL766, showed higher (P<0.05) count than the reference strain. The isolate L. paracasei
CCMAL775 presented a lower percentage (P<0.05) of viable count after 3 h of incubation,
being eliminated from the next tests.

In relation to time, most LAB presented average counts, in the incubation time of 3 h,
lower (P<0,05) to time O for the pH assay, however, these strains maintained greater viability
than 8 log CFU/ml, normally, Although of the number of viable cells has decreased, the
survival rate was quite high.

The isolates from table olive can survive the uncontrolled fermentation conditions, for
natural fermentations of olive the maximum limit of pH should be 4.3 (I0C, 2004). Thus,
consequently can also survive in in acidic environment.

All the tested strains exhibited bile tolerance, presenting survival rate ranged between
97,62 % (L. paracasei CCMAL1767) and 100% (Suppl. Table II). Similar results were reported
by Shokryazdanet et al. 2014, in which all Lactobacillus strains tested exhibited tolerance at
0.3% bile. Resistance to bile salts is considered an important criterion for selecting probiotic
strains. For the selection of probiotic bacteria for human use, a concentration of 0.15-0.3%
bile salt is recommended (Fuller, 2012). The outcome of bile exposure depends on the

conditions a bacterial cell faces before entry into the small intestine (Begley et al., 2005).
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Comparing the results of the analyzed times, all LAB presented average counts, in the
incubation time of 3 h, higher or similar (P<0.05) to time 0 in the bile salt assay, with a high
survival rate the biliary conditions.

A total of 13 LAB isolates were selected for their resistance and survival in an acidic
environment, as well as for their growth in the presence of 0.3% bile salts, a similar
concentration to that present in the small intestine. In a recent study (Ahmed et al. 2019) the
acid tolerance at pH 2 of various Lactobacillus strains was between 81.68% to 85.01%, and

the bile salt tolerance was of 81.96 to 84.65% revealed good survival, as our study.

Table 1. Survival of LAB isolates under acid conditions

Viable count (log10 CFU/mlI)
Time of exposure (h)

Strains 0 3 Survival (%)
L. brevis CCMA1766 100
9.9228+0.01 11.15%4+0.34
L. paracasei CCMAL1763 100
9.52%A +0.02 9.97°A+0.04
L. paracasei CCMA1764 98.85
9.86°A +0.02 9.75PA+0.49
L. pentosus CCMA1768 100
9.65% +0.04 9.88"A+0.14
L. paracasei CCMAL1769 100
9.63** +0.04 9.73+0.04
L. paracasei CCMAL1770 95.32
9.88%A +0.04 9.41P2+0.34
L. brevis CCMA1762 87.65
9.96*" +0.03 8.73°® +0.05
L. paracasei CCMAL1772 90.39
9.65* +0.06 8.72°8 +0.03
L. paracasei CCMAL1771 87.70
9.85%* +0.13 8.64°%+0.06
L. brevis CCMA1765 91.61
9.53* +0.08 8.73°® +0.05
L. paracasei CCMA1767 88.54
9.89%4 +0.02 8.76°® +0.08
L. paracasei CCMA1773 87.54
9.87% +0.04 8.64°® +0.06
L. paracasei CCMA1774 90.05
9.77% +0.05 8.80°® +0.16
L. paracasei CCMA1775 62.59
9.65% +0.06 6.049+0.06
L. paracasei LBC-81 98.79
9.9124 +0.02 9.79°A+0.12

Results Log CFU / ml are expressed as mean = SD, determined in duplicate. Mean values of
different letters, lowercase in columns and uppercase in rows differ significantly (P <0.05) by
the Scott-Knott test.
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Table I1. Survival of LAB isolates under bile salt conditions

Viable count (log10 CFU/mlI)

Time of exposure (h)

Strains code 0 3 Survival (%)
L. brevis CCMA1766 9.67°4+0.16 10.35*+0.07 100
L. paracasei CCMAL1763 9.42%8+0.02 10.8124+0.16 100
L. paracasei CCMAL1764 9.80%/+0.06 10.59%4+0.16 100
L. pentosus CCMA1768 9.42%A+0.06 9.38°A +0.45 99.55
L. paracasei CCMAL1769 9.73%+0.04 9.70%+0.05 99.72
L. paracasei CCMA1770 9.5924+0.08 10.23%4+0.11 100
L. brevis CCMA1762 9.56*4+0.09 10.36*+0.48 100
L. paracasei CCMA1772 9.75%4+0.05 9.74%+0.19 99.88
L. paracasei CCMAL1771 9.84%+0.01 10.44*A+0.41 100
L. brevis CCMAL1765 9.86%+0.02 0.85%+0.16 99.89
L. paracasei CCMAL1767 9.79%+0.12 9.55%+0.27 97.62
L. paracasei CCMA1773 9.81#4+0.03 9.91%4 +0.10 100
L. paracasei CCMA1774 9.80%8+0.06 10.64%4+0.29 100
L. paracasei LBC-81 9.63*4+0.06 10.60%+0.18 100

Results Log CFU / ml are expressed as mean+SD, determined in duplicate. Mean values of
different letters, lowercase in columns and uppercase in rows differ significantly (P <0.05) by
the Scott-Knott test.

Cell Surface Hydrophobicity, Autoaggregation assays and coaggregation assays

Hydrophobicity is defined as a non-specific interaction between microbial and host
cells. This interaction is moderate by cell-surface proteins and lipoteichoic acids (Todorov et
al., 2008). Cellular hydrophobicity is a significant property for bacteria with probiotic
potential. It is often a prerequisite for probiotics to be able to adhere to the intestinal
epithelium in order to colonize the gastrointestinal tract, offering beneficial effects such as the
exclusion of enteropathogenic bacteria (Sharma, Sharma, Sharma, 2016). In this study, L.
brevis CCMAL1762, L. paracasei CCMAL1773 and L. paracasei CCMAL770 showed

significantly (P< 0.05) higher hydrophobicity and therefore able to interact with more cell
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bodies compared to other strains, being significantly similar (P>0.05) to the reference strain L.
paracasei LBC-81 (Suppl. Figure 1).

Microbial adhesion to non-polar solvents (n-hexadecane) reflects cell surface
hydrophobicity (Kos et al. 2003), hydrophobicity values ranged from 11.54% (L. paracasei
CCMAL1764) to 31.23% (L. brevis CCMA1762). In the work of Hernandez-Sanchez et al,
2015, was tested commercial probiotics and potential probiotics of species Lactobacillus, all

strains showed hydrophobicity to n-hexadecane solvent <20%.
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Figure 1. Percentage (%) of Hydrophobicity obtained for the different LAB isolates. Bar
indicate SD. Bars followed by different letters differ significantly (P < 0.05) by Scott-Knott

test.

The results of the autoaggregation assay (Suppl. Figure Il) indicated that all isolates
presented the percentage of autoaggregation high (>60%) (Kos et al. 2003) being the highest
value observed for L. pentosus CCMAL768 with a autoaggregation of 88.83%, similar
(P>0,05) result as the one presented by the reference strain, the lowest value (P<0.05) was to
the strain L. paracasei CCMAL1764, showing only 68.19%, being this isolated excluded from
the following tests.

High autoaggregation and hydrophobicity may be related to the high adhesion capacity
of these microorganisms in the intestinal mucosa (Rahman et al. 2008). However, the results
should be interpreted with caution, because this adherence does not necessarily mean

adherence in vivo. In this work, the autoaggregation capacity had an almost normal
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distribution among most strains, with values above 68%. However, hydrophobicity had a
more distorted distribution, with all isolates showing values above 11%. These results are in
line with a study of Bautista-Gallego et al. 2013, a study the potential probiotic properties of
Lactobacillus spp. associated with table olives, they reported autoaggregation values higher
than 50%. However, some isolates showing values above 25% of hydrophobicity.

In a previous work (Grujovic, et al. 2019) the percentage of autoaggregation of species
of Lactobacillus ranged from 41.89 to 53.74%. The best autoaggregation ability was showed
by L. brevis KGPMF35 isolate. On the other hand, our work showed autoaggregation of
species of Lactobacillus ranged from 68.19 to 88.83%, and the higher values of

autoaggregation was presented by L. pentosus and L. paracasei isolates.
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Figure 11 Percentage of autoaggregation of LAB isolates Bar indicate SD. Bars followed by
different letters differ significantly (P < 0.05) by Scott-Knott test.

Probiotics can coaggregate with pathogenic microorganisms and, in turn, inhibit and
kill such microorganisms by secreting antimicrobial compounds that act directly on
pathogenic bacterial cells (Bao, et al. 2010). The probiotic cells bind pathogens causing a sort
of clumping effect limiting the pathogen interaction with the surfaces of the host and
facilitating the excretion of pathogens trough biological fluids (Jankovi¢ et al., 2012). The
isolate L. paracasei CCMAL770 showed the highest (P<0.05) percentage of 42.94% of
coaggregation with E. coli (EPEC) CDC 055, and the isolates L. paracasei CCMAL1771, L.
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pentosus CCMA1768, L. brevis CCMA1762, presented the highest (P<0.05) of coaggregation
with the bacteria S. Enteritidis S64.

The isolate L. brevis CCMAL1765 showed no coaggregation with bacteria E. coli
(EPEC) CDC 055, together with this isolate, the strains L. paracasei CCMAL1767 and L.
paracasei CCMA1763 presented the lower (P<0.05) percentage of coaggregation with the
bacteria S. Enteritidis S64. Thus, the isolates were excluded from following tests. All the
others isolate showed a similar or higher percentage (P<0.05) of coaggregation than the
reference strain L. paracasei LBC-81 (Suppl. Figure I11).

In a recently published report on the work of Gunyakti, Asan-Ozusaglam (2019)
Lactobacillus species exhibited the highest co-aggregation with E. coli O157: H7 (55%),
while the lowest co-aggregation was determined for S. Enteritidis RSKK 171 (45%), unlike
this study, where the highest coagreggation was determined for S. Enteritidis S64 and some

strains showed low or none coaggregation with E. coli (EPEC) CDC 055.
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Figure 111. Percentage (%) coaggregation of LAB isolates with pathogenic microorganisms.
The lower histograms represent percentage coaggregation with Salmonella Enteritidis S64,
and the higher histograms the value the coaggregation with Escherichia coli (EPEC) CDC
055. Bar indicate SD. Bars followed by different superscript letters differ significantly (p <
0.05) by Scott-Knott test.

Antimicrobial activity
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The inhibitory activity of strains against the pathogenic bacteria was recorded in the
range of 4,3— 9 mm (Suppl. Table 11I) The inhibitory activity observed against S. aureus
ATCC 8702, all the strains showed inhibitory activity against this pathogen.

It is known that probiotics could exert competitive inhibition against pathogens, as it
can confer antagonism against potentially harmful microorganism, thus contributing to
prevention of their colonization on the host mucosa (Gheziel, et al. 2019). Various species of
Lactobacillus can produce compounds with antimicrobial activities, for example organic acids
(acetic and lactic acid), antifungal peptides, low-molecular-weight compounds, and
antibacterial peptides (bacteriocins) (Do Carmo, et al. 2018).

The isolated L. paracasei CCMAL769, L. paracasei CCMAL772 and L. paracasei
CCMAL1773 showed no antimicrobial activity against all pathogens. Therefore, these isolates
were not selected for the adhesion assays.

Gheziel, et al. 2019, studying the specie L. plantarum, found that the strains did not
inhibit the bacteria L. monocytogenes CECT 4031, whereas all strains showed a strong (zone

of inhibition > 6 mm) antibacterial activity against the tested S. aureus strains.

Table I11. Antimicrobial activity of LAB isolates

Profile pathogen inhibition

S. aureus S. Enteritidis L. monocytogenes
Strains ATCC 8702 ATCC 564 ATCC 19117
L. paracasei CMA1771 ++ +++ ++
L. paracasei CCMAL1769 + + -
L. pentosus CCMA1768 + ++ +++
L. paracasei CCMAL774 +++ ++ ++
L. brevis CCMAL1762 ++ ++ +++
L. brevis CCMAL1766 +++ ++ ++
L. paracasei CCMAL773 + - ++
L. paracasei CCMAL772 + - +
L. paracasei CCMAL770 +++ ++ ++
LBC-81 ++ ++ ++
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Activity: + = presence of a clear zone of growth inhibition around well < 6 mm; ++ =
presence of a clear zone of growth inhibition around well > 6 mm; +++ = presence of a clearly
defined inhibition zone > 8 mm surrounding the wells containing cell-free supernatant; — = no

inhibition.
Gelatinase and Hemolytic activity, DNase Production Test

None of the strains were found to be positive for gelatinase, DNase and hemolytic

activity, validating their relative safety as probiotic candidates.

Caco-2 and HT-29 cell line adhesion assay

Results observed in the Caco-2 and HT-29 cell line adhesion assay (Suppl. Figure V)
varied according to cell line, as well as between the strains employed. Isolates submitted to
HT-29 cell line assay, showed the percentage of adhesion ranged from 8.02 (L. brevis
CCMA1766) to 55% (L. paracasei CCMA1774), while those submitted to Caco-2 obtained
inferior percentage of adhesion, between 1,84 (L. paracasei CCMA1771) and 17.86% (L.
brevis CCMAL762). This result is expected, because HT-29 has a proportion of goblet cells
capable of secreting mucus precursor glycoproteins. Therefore, the mucus layer is responsible
for numerous ecological advantages to resident microorganisms, which includes a better
fixation environment by anchor proteins. “In vitro” Caco-2 cells differentiate into monolayer
homologous to intestinal epithelial enterocytes which have absorptive and non-mucosecretory
characteristics (Gagnon et al. 2013).

All the isolates tested showed a similar or higher percentage (P<0.05) of adhesion to
Caco-2 and HT-29 cells than the reference strain L. paracasei LBC-81. For adhesion tests
with caco-2 cells, L. brevis CCMA 1762 strain presented the highest (P<0,05) adhesion rate,
this same isolate also stood out in the HT-29 cell adhesion test, together with the strain L.
paracasei CCMA 1774,

In the work of Zivkovic et. al. 2016 was observed that L. paracasei subsp. paracasei
can biosynthesize strain-specific exopolysaccharide (EPS-SJ), and the presence of EPS on the
surface of lactobacilli may improve communication between bacteria and intestinal
epithelium, implying its possible role in intestinal colonization. The synthesis feature is
reinforced by Bengoa et. al, 2018, studyng L. paracasei strains, increased capacity of
adhesion to mucin and epithelial cells was observed in vitro, which is a relevant factor for the

maintenance of the strain in the intestinal environment to exert its probiotic action. It has been
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found that strains are polysaccharide producers, so it is possible to consider their intervention
in the adhesion properties.

Regarding the strain of Lactobacillus brevis Hynonen et. al. (2002) states that this
species are important mucosal colonizers, especially among humans, supporting their claim in
the presence of the S layer, which contains a class of adhesins with affinity for various tissue
targets.

In a report recently published in the work of Cao, et al. 2019, adherence to HT-29
human intestinal epithelial cells ranged from 0.72 to 27.2% for Lactobacillus strains. In our
study, the majority of HT-29 cell line adhesion percentage remained in the same interval, two

strains reached higher averages.
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Figure 1V: Adhesion capacity of LAB strains to Caco-2 (A) and HT-29 (B) cells. Bar
indicate SD. Bars followed by different letters differ significantly (p < 0.05) by Scott-Knott

test.

Calculation of probiotic potential (CPP)

The highest individual CPP for the Lactobacillus isolates were 81% for L. brevis
CCMAL1762 and 74% for the strain L. pentosus CCMAL1768. These isolates had a higher score
when compared to the other Lactobacillus strains (L. paracasei CMA1771 67%, L. paracasei
CCMAL774 59%, L. brevis CCMAL766 63%, L. paracasei CCMAL1770 70%) tested and also

to the reference strain L. paracasei LBC-81 that showed a score of 59%. (Table IV).
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The strain L. brevis CCMA1762 showed high score for attributes bile salt tolerance,
hydrophobicity, coaggregation with S. Enteritidis, activity antimicrobial, adhesion to Caco-2
and HT-29 cells. The isolate L. pentosus CCMA1768 presented the highest score for Survival
at pH 2.0, Survival at Bile, Autoaggregation and coaggregation with S. Enteritidis.

The demonstration of cumulative probiotic potential (CPP) of the native lactobacilli
strains, as strains isolated from spontaneous fermentation of olives, has been considered as an
improved criterion for the probiotic validation (Tambekar, Bhutada 2010; Gautam, Sharma,
2015; Halder et al. 2017).

With this analysis, it can be observed that all strains had a similar or higher score than
the reference strain, proving the functionality of these lactic acid bacteria in relation to their
probiotic potential. These microorganisms may have biotechnological application and may be

used in food as starters cultures.
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Table IV Cumulative probiotic potential (CPP) score card for the LAB strains

Probiotic Characters L. paracasei L. pentosus L. paracasei L. brevis L. brevis L. paracasei L. paracasei
CMAL1771 CCMAL1768 CCMA1774 CCMA1762 CCMA1766 CCMA1770 LBC-81
Survival at pH 2.0 1 3 1 1 3 2 3
Survival at Bile 3 3 3 3 3 3 3
Hydrophabicity 2 1 2 3 1 3 3
Autoaggregation 1 3 1 1 1 2 2
Coaggregation with E. 2 2 3 2 3 3 1
coli
Coaggregation with S. 3 3 1 3 1 1 1
Enteritidis
Activity Antimicrobial 3 2 1 3 3 3 1
Adhesion to Caco-2 1 2 1 3 1 1 1
Adhesion to HT-29 2 1 3 3 1 1 1
Total score 18 20 16 22 17 19 16
CPP for the LAB 67% 74% 59% 81% 63% 70% 59%
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Conclusion

Table olives Brazilian have adequate nutritional conditions for the survival of
microorganisms with probiotic potential. From a total of 14 LAB isolate from table olives, 6
showed potential properties for use as probiotics: Lactobacillus pentosus CCMA 1768;
Lactobacillus paracasei CCMA 1771; Lactobacillus paracasei CCMA 1774; Lactobacillus
paracasei CCMA 1770; Lactobacillus brevis CCMA 1766 and Lactobacillus brevis CCMA
1762. The results from this study revealed high cell hydrophobicity, autoaggregation,
coaggregation with pathogens, tolerance at low pH, bile salts, and antimicrobial activity
against pathogens. Further the showed a similar or higher percentage (p <0.05) of adhesion to
Caco-2 and HT-29 cells than the reference strain L. paracasei LBC-81.

The exploitation of national fermented products is relevant for the isolation of species
with probiotic potential, the GRAS status genus Lactobacillus allows to consider their
application for the development of new foods and probiotic products added value. In addition,

“in vivo” studies should also be performed to confirm its potential benefit to human health.
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Abstract

Microbial probiotic has been used to improve the health and wellness of people. Some studies
have shown that yeasts when ingested have a positive effect on the host's health and
physiology and can therefore be used as probiotics. This study aimed to investigate the
probiotic potential of yeasts isolated from Brazilian naturally fermented table olives, in order
to obtain new potentially probiotic strains. From a total of 18 yeasts tested, 6 showed potential
properties for use as probiotics: Saccharomyces cerevisiae CCMAL1746, Pichia guilliermondii
CCMA1753, Candida orthopsilosis CCMAL748, Candida tropicalis CCMAL1751,
Meyerozyma caribbica CCMAL1758, and Debaryomyces hansenii CCMAL1761. These yeasts
demonstrated a good resistance to temperature of 37 ° C, pH 2.0, bile salts and in vitro
digestion. Further, the yeasts also exhibited antimicrobial activity against pathogens.
Regarding the surface properties, the isolates showed autoaggregation capacity, coaggregation
with E. coli and S. Enteritidis pathogen, adhesion to Caco-2 and HT-29 cells, and as well as
able to inhibit pathogen adhesion. Therefore, the isolated yeasts Brazilian fermented table
olives present probiotic characteristics, revealing a promising potential for the development of

new foods and probiotic products.

Keywords: Fermented olives. Probiotic potential. Autoaggregation. Coaggregation.
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Introduction

In the naturally table olive fermentation process, lactic acid bacteria (BAL) play a
essential role, especially in relation to food safety, are able to promote pH reduction and
produce antimicrobial substances. (Garrido-fernandez et al., 1997; Ruiz-barba, Jimenez-diaz,
1995; Corsetti et al., 2012). In addition to BALSs, yeasts are commonly found in table olive,
plays a very important role because it is associated with the production of alcohols, ethyl
acetate, acetaldehyde and organic acids, compounds that are relevant to the development of
flavor and aroma and the preservation characteristics of table olives ( Hernandez et al., 2007;
Arroyo-Lopez et al., 2008).

In the last years, there has been a growing interest in the role of yeast during table
olive processing due to its biotechnological and probiotic potential, existing several studies in
relation an olive table from Grecee (Bleve et al., 2015; Bonatsou et al., 2018), Italy (De
Angelis et al., 2015; Porru, et al 2018; Tufariello, et al. 2019; Sidari, Martorana, De Bruno,
2019 ), Spain (Benitez-cabello, et al, 2019) and Portugal (Pires-cabral, et al. 2018). However,
data about the probiotic potential of yeasts isolated from fermented table olives from Brazil
are still scarce.

Most commonly marketed probiotics are of bacterial origin, mainly the genera
Lactobacillus and Bifidobacterium, when compared to the number of bacteria, a smaller
amount of yeast are explored in relation to probiotic potential, the Saccharomyces cerevisiae
var. boulardii and Kluyveromyces fragilis (B0399) are the only probiotic yeast species
commercially available for human use (Chen, et al. 2014; Czerucka, Piche, Rampal, 2007).

The yeasts drew attention to their possible use as probiotics, due to their ability to
survive during passage by human gastrointestinal tract (GIT), and also to tolerate low pH and
bile salt conditions (Lourens-hattingh; Viljoen, 2001). Existing also some advantages of using
yeast over bacteria like probiotics, the yeasts are normally resistant to antibiotics, staying
viable in the intestinal biota during antibiotic treatments. In addition, the yeasts cannot spread
the genes of antibiotic resistance and their translocation has never been reported (Czerucka,
Piche; Rampal, 2007).

The growing interest in probiotics is promote both by consumer enthusiasm for
marketed products with potential health benefits and by researchers inspired by the potential
to prevent and treat disease (Perry, Doron, 2018). For this reason, it is necessary to go deeply
in the study of yeasts as probiotics, for verifying their interesting properties. These yeast

strains could be used as culture starters for the development of new functional products. Thus,
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the aim of this study was to evaluate in vitro the probiotic potential of yeasts isolated from
Brazilian naturally fermented table olives.

Materials and Methods
Yeast and bacteria Strains and Growth Conditions

A total of 18 (Table 1) yeast strains belonging to the Culture Collection of Agricultural
Microbiology (CCMA) of the Federal University of Lavras and isolated from fermented
naturally table olives from the Experimental Farm of EPAMIG (Minas Gerais Agricultural
Research Company) in the city of Maria da Fé-MG, Brazil. The site is located at 22°18 'south
latitude and 45°23' west longitude, average elevation of 1,276 m .The yeasts were preserved
in YEPG (1% wi/v peptone, 1% wi/v yeast extract, 2% wi/v glucose) broth and were maintained
as frozen stocks at — 80 °C in the presence of 20% (v/v) glycerol as a cryoprotective agent.
For their use in all assays, each strain was cultivated in YEPG broth and incubated at 30 °C
for 48 h.

The pathogenic strain employed in the coaggregation and inhibitory action against
pathogens assay: Escherichia coli (EPEC) INCQS 00181 (CDC 055), Salmonella Enteritidis
ATCC 564, Listeria monocytogenes ATCC 19117 and Staphylococcus aureus ATCC 8702,
All the pathogens were grown in BHI (Brain heart infusion, Himedia) broth at 37 °C for 24 h.

The reference strain selected for all assays was the lyophilized Saccharomyces
boulardii (Floratil®, Merck, Darmstadt, Germany) yeast. This microorganism was reactivated
in YEPG broth at 30 °C for 24 h.

Tolerance to pH 2.0 and Temperature of 37 °C

The 18 isolates were subjected to tolerance tests for pH 2.0 and 37 °C according to
Ramos et al. (2013) with some modifications, aiming to select the resistant strains for further
studies. Yeast cells were cultivated and centrifuged (5000 rpm for 5 min at 4 °C), next the
strains were resuspended in YEPG broth with pH adjusted to 2.0 using an acid solution (1 N
HCI) and incubated for 3 h at 37 °C. Tubes containing YEPG broth pH 6.5 were used as
controls. Samples (100 uL) were obtained at intervals (0O and 3 h) for determination of total
viable count. Dilutions were made (up to 10°) and cells were plated in duplicate on YEPG
agar in triplicates. Plates were incubated at 30° C for 48 h before enumeration.

Bile salt tolerance
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The bile salt tolerance was investigated according to Matijasic and Rogelj, 2000, with
certain modifications. Bile containing YEPG broth was prepared by the addition of 0.3 (v/v)
of bile salt (Oxgall). Yeast cells were cultivated and centrifuged (5000 rpm for 5 min at 4 °C),
next the strains were resuspended in YEPG broth lacking (control) or containing bile salt.
After 0 and 3 h of incubation at 37°C, viable counts on YEPG agar plates were determined in
triplicates. Plates were incubated at 37° C for 48 h before enumeration.

Cell Surface Hydrophobicity

Evaluations of the cell surface hydrophobicity were conducted according to the
methodology used by Santos et al. (2015), with some modifications. Yeast cells cultivated
were centrifuged (7000 rpm for 5 min at 4 °C), washed twice and resuspended in PBS (50
mM K2HPO4/KH2PO4, pH 6.5) to achieve an OD at 600 nm of 1.0 (AO). The organic solvent
N-hexadecane (Sigma-Aldrich, Saint Louis, USA) was mixed (1:5) with the cell suspension
and vortexed for 2 min. After 1 hour of incubation at 37 °C, the absorbance at 600nm (A) of
the formed aqueous layer was measured. The cell surface hydrophobicity was calculated using
the equation:

%H = [(A0-A)/A0] x 100

the values for AO and A are the absorbance values acquired before and after the

extraction with N-hexadecane, respectively.

Autoaggregation and coaggregation assays

Autoaggregation assays were performed according to Kos et al. (2003) with certain
modifications. Yeasts were grown and the cells were obtained by centrifugation (5000 rpm for
15 min), washed twice and resuspended in saline PBS (50 mM K;HPO4/KH2PQO4, pH 6.5) to
achieve viable counts of approximately 108 CFU/mL. 4 mL of cell suspensions were mixed by
vortexing for 10 s and autoaggregation was determined during 4 h of incubation at 30°C.
Every hour 0.2 mL of the upper suspension was transferred to 96-well polystyrene
microplates and the absorbance (A) was measured at 600 nm. The autoaggregation percentage
is expressed as:

1- (AO/At) x 100,

Where At is the absorbance at time t= 1, 2, 3, or 4h and A0 the absorbance at t=0.
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The method for preparing the cell suspensions for coaggregation with pathogens was
the same as that for autoaggregation assay. Strains of tested yeast and pathogenic
microorganisms: Escherichia coli (EPEC) INCQS 00181 CDC 055 or Salmonella Enteritidis
ATCC 564 were mixed at equal parts (2 mL) in pairs (yeasts + selected pathogen) by
vortexing for 10 s. Control groups of individual microorganisms were tested as reference. The
absorbance at 600 nm of the suspensions were measured right after mixing and passed 4h of
incubation at 37°C. Samples were retrieved following the procedure from the autoaggregation
assay. The percentage of coaggregation was calculated using the equation of Handley et al.
(1987):

Coaggregation (%) = ((Ax + Ay)/ 2) -A (x +y) x 100
Ax + Ay/2

where x and y represent each of the two strains in the control tubes, and (x + y) the mixture.

Antimicrobial activity

Antimicrobial activity was evaluated by diffusion technique in wells, following the
methodology described by Prado et al. (2000). The yeasts cells cultivated (107 cell/mL), were
centrifuged (8000 rpm for 5 min at 4 °C) and the supernatant was used for the test, 50 pl was
added to the wells done on BHI medium containing 1 mL of the pathogen (108 CFU/mL). The
plates were incubated at 37 °C for 24 h. Wells with 50 pL culture medium without
microorganisms were used as positive control. Antimicrobial activity was recorded as growth

free inhibition zones around the well.
Safety Assessment
Gelatinase Activity

Gelatinase production by selected yeast isolates was studied by using tryptone-
neopeptone-dextrose (TND) agar (g/L: tryptone 17.0, neopeptone 3.0, dextrose 2.5, NaCl 5.0,
K2HPO4 2.5 and agar 20.0) containing 0.4% gelatin. The yeasts cells were cultivated and 10
pL of the cells culture was plated in medium TND and incubated at 37°C for 48 hrs. Added a
saturated ammonium sulfate solution enough to flood the petri plates. Development of clear

zones around the spots indicated a positive reaction (Gupta and Malik, 2007).

100



DNase Production Test

The yeasts cells were grown and 10 pL of the cells culture was plated in plates
containing DNase agar medium (HiMedia) to check production of DNase enzyme. The plates
were incubated at 30°C for 48 hours. After incubation, added an HCL (2mM) solution enough
to flood the petri plates, a clear zone around the colonies was considered positive for DNase
production (Gupta and Malik, 2007).

Hemolytic Activity

Hemolytic activity was determined by inoculating 10 pL of the yeast cells culture on
culture medium “Triptone soy agar” 10% (TSA, bacto ™ Bd, USA), supplemented with 5%
(v / v) of defibrated ram's blood. After incubation for 48 h at 37 ° C the development of a
clear zone of hydrolysis around the colonies was considered as a positive result and cannot be

selected for potential probiotic use (Youssef et al. 2004).

Survival of yeasts during in vitro digestion

The yeasts selected were exposed to the simulated gastrointestinal conditions
according to de Albuquerque et al., 2017. The test was performed in an incubador at 37 °C
and mechanical agitation was used to simulate the peristaltic movements, with rotation
adjustment in each phase (esophagus-stomach, duodenum and ileum). For the simulation of
the esophagus-stomach used 25 mg of pepsin diluted in 1 mL of 0.1 mM/L HCI, added at a
rate of 0.05 mL/mL, pH with gradual decrease using 1 mM/L HCI (pH 5.5/10 min; pH 4.6/ 10
min; pH 3.8/10 min; pH 2.8/20 min; pH 2.3/20 min and pH 2.0/ 20 min) with agitation (130
rpm). For the simulation of the duodenal conditions used 2 g pancreatin/L of 0.1 mM/L
NaHCO3 and 12 g bovine bile salts/L of 0.1 mM/L NaHCO3, pH adjusted for 5.0 with 0.1
mM/L NaHCO3 and exposure time of 30 min with agitation (45 rpm); and ileal conditions
with pH adjusted to 6.5 using 0.1 mM/L NaHCO3, exposure time of 60 min with agitation (45
rpm). All the enzymes and bovine bile salts were provided by from Sigma Aldrich (St. Louis,
USA). After each phase of the simulation, serial dilutions were made in sterile saline (0.9%

NaCl) and inoculated YPD medium for plate count in order to enumerated viable cells.

Adhesion of Yeasts to Caco-2 and HT-29 cell Lines
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Growth and Maintenance of Mammalian Cell Lines

The Caco-2 and HT 29 cells provided by the Cell Bank of Rio de Janeiro (BCRJ, Rio
de Janeiro, Brazil) were grown in modified Eagle’s minimal essential medium (MEM) added
with 10% (v/v) heat-inactivated fetal bovine serum, 1xnon-essential amino acids, and 0.1
mg/mL gentamicin. All solutions were obtained from Invitrogen (GibcoNaerum, Denmark).
The cells were maintained at 37 °C in a humidified atmosphere of 5% CO2. The culture
media were changed routinely, and once the cells reached subconfluence (80-90%), they were
subpassaged.

Caco-2 and HT-29 cell line adhesion assay

For the adhesion test to the human colon adenocarcinoma cell line, Caco-2 and HT 29
were investigated for the 8 selected yeast isolates according to Ramos et al. 2013, with minor
modifications. The cells were subcultivated (2x10° cell/mL) in 24-welltissue culture plates
(Sarstedt, Germany) and grown at 37 °C in a humidified atmosphere of 5% CO2 for 14 days
to obtain differentiation in cell media. The cell culture medium was changed on alternate
days.

For the adhesion assay, yeasts were cultured in YEPG broth for 24 h at 30 °C and,
after washing twice with phosphate buffered solution (PBS) solution, were resuspended in the
cell line media (described in Growth and Maintenance of Mammalian Cell Lines) at a
concentration of about 107 cells/mL. 1 ml of each yeast suspension was added to the cell line
culture in the well and incubated forl h at 37 °C in a 5% CO2 atmosphere. So, the cells were
washed three times with 1 mL of PBS to remove non adherent yeast cells and lysed with 1 mL
of Triton-X solution (0.1% v/v in PBS). After 10 min at 37 °C, the solution with released
yeast cells was serially diluted and enumerated on YPG agar. The plates were incubated at 30
°C for24 h. Adhesion ability was expressed as the percentage ratio between the yeast counts
initially seeded and the counts after the washing steps (cells/mL). Experiments were
performed with triplicate determinations and repeated twice.

Inhibition of pathogenic bacteria adhesion to Caco-2 by yeasts
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The inhibition of the pathogens E. coli and S. Enteritidis adhesion to Caco-2 cells by
potential probiotic yeasts was performed according to Gueimonde et al. (2006) with some
modifications.

Yeast (107 cells/mL) and pathogen (108 CFU/mI) were resuspended in 1 ml MEM
medium (without fetal bovine serum and antibiotics) and were then added to the Caco-2 cells
after 14 days of culture (differentiated cells) in 24 well plates according to treatments: 1)
inoculation of bacteria (108 CFU/mL) for 90 minutes (control); 2) inoculation of yeasts (10’
cells/mL) for 30 min and subsequent incubation of bacteria (108 CFU/mL) for additional 90
min (exclusion); 3) simultaneous inoculation of yeasts (107 cells/mL) and bacteria (10®
CFU/mL) for 90 minutes (competition). After the incubation, the cells were washed three
times with PBS to remove non-adhered cells and then recovered by treatment with 1% (v/v)
Triton-X for 10 min at 37 ° C. Yeast and bacteria were enumerated by plating in their
respective media. The ability of a pathogenic strain to adhere to Caco-2 cells in the absence
(Np) and presence (Nmix) of a yeast strain was compared according to Son et al. 2017, as
follows: inhibition ability = ((Np-Nmix) / Np) x100. The experiment was carried out in

triplicate.

Statistical analyses

Analyses of the variance and the Scott-Knott test were performed with SISVAR 5.1

software (Ferreira, 2008). A value of P< 0.05 was considered significant.

Results and Discussion
Tolerance to pH 2.0, temperature of 37 °C and bile salt

The probiotics are commonly administrated orally, so they must have the ability to
survive passage through the stomach and small intestine. Thus, resistance to the low pH
(gastric juice) in the stomach and the presence of bile salt in the small intestine is one of the
significant selection criteria for probiotic (Olejnik et al., 2005). Furthermore, such
microorganisms with probiotic characteristics should survive a body temperature of
approximately 37 ° C, the most strains in our study resisted this temperature, only the isolates
Galactomyces geotrichum CCMA 1759 and Dipodascus australiensis CCMA 1755 did not

survive the temperature of 37°C, being excluded from the next tests.
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A total of 18 yeasts isolates obtained from naturally table olive fermentations
spontaneous were exposed to acid similar conditions (Table 1). Most strains were able to
tolerate low pH maintaining viability after 3 hours. The strains Galactomyces candidum
CCMAL1760 and Candida orthopsilosis CCMA1757 showed higher (P<0,05) count than the
reference strain. The isolates Candida parapsilosis CCMAL1745, Candida orthopsilosis
CCMA 1754 and Candida orthopsilosis CCMA 1747 presented a lower percentage (P<0,05)
of acid ph survival after 3 h of incubation, being eliminated from the next tests.

Yeasts are present in the stomach and colon due to their resistance under varying pH
conditions. Most of them can grow in the pH range from 3 to 8, and certain yeast can be
resistant in greater acidic conditions (pH<1.5 for example). This is a good characteristic for
considering yeasts as probiotics, furthermore the yeast could be also resisting the presence of
gastrointestinal enzymes, organic acids, bile salts and changes in temperature of the
environment (Czerucka et al., 2007). In this study all the tested strains exhibited bile
tolerance, presenting survival rate ranged between 92,73 % (Pichia guilliermondii
CCMAL1753) and 100% (Table 2). For the selection of probiotic for human use, a
concentration of 0.15-0.3% bile salt is recommended (Fuller, 2012). The bile salts are released
into the duodenum after food ingestion and have antimicrobial activity against different
microorganism (Reshetnyak, 2015). In relation to time, most yeasts presented average counts,
in the incubation time of 3 h, higher or similar to time 0, for both assays. A total of 15 yeasts
isolates from naturally Brazilian table olive fermentations were selected to the next tests by
their resistance and survival in an acidic environment, as well as for their growth in the
presence of 0.3% bile salts, a similar concentration to that present in the small intestine. The
resistance in acidic environment not surprising, as table olive fermentations are characterized
by low pH, for natural fermentations the maximum limit of pH should be 4.3 (I0OC, 2004).
The bile salt resistance plays an important role in physiological function regarding the
survival of yeast in the intestine (Sakandar, et al. 2018). Therefore, the isolates from table
olive can survive the inhospitable fermentation conditions, and consequently can also

survive the passage through the GIT.
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Table 1. Survival of yeasts isolates under acid conditions

Viable count (log10 CFU/mlI)
Time of exposure (h)

Strains
0 3 Survival (%)
S. cerevisiae CCMA1746 7.37% +0.24 7.35°4 +0.01 99.70
G. candidum CMA1745 7.00°8 £0.12 7.29% +0.21 100
C. orthopsilosis CCMA1749 7.58% +0.04 6.88€ +0.74 82.83
C. parapsilosis CCMA1752 7.53* £0.02 7.06° +0.02 93.77
P. guilliermondii CCMA1753 7.83* £0.07 7.02°8 +0.03 92.23
C. orthopsilosis CCMA1757 7.04°C +0.06 8.5924+0.02 100
C. orthopsilosis CCMA 1776 7.64% +0.04 7.91° £0.01 100
C. orthopsilosis CCMA1748 7.39% +0.55 7.94"A +0.08 100
C. orthopsilosis CCMA1750 7.01°8 +0.02 7.86"4+0.14 100
C. tropicalis CCMA1751 7.74% +0.06 7.57°A +0.04 97.86
C. parapsilosis CCMA 1777 7.44% +0.19 7.45% +0.26 100
C. parapsilosis CCMA1756 7.31°4 £0.02 6.70 A+0.43 86.48
M. caribbica CCMA1758 7.80* £0.07 7.65°A +0.01 98.10
G. candidum CCMA1760 7.02°+0.03 8.01 #+0.03 100
D. hansenii CCMA1761 7.02°A +0.03 7.13%A +0.07 100
C. orthopsilosis CCMA 1747 7.18°8 £0.25 5.20%C +0.29 7250
C. parapsilosis CCMA1745 7.11°A +0.15 6.3298+0.34 88.87
C. orthopsilosis CCMA 1754 7.00°2+0.08 6.4698+0.23 88.04
S. boulardii Floratil® 7.53%40.14 7.99°4+0.07 100

Results Log CFU / ml are expressed as mean+SD, determined in duplicate. Mean values of
different letters, lower case in columns and uppercase in rows differ significantly (P <0.05) by
the Scott-Knott test. Survival at pH 2(%) = Final viable count (log10 CFU/mI) / Initial viable
count (log10 CFU/ml)) x 100
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Table 2. Survival of yeasts isolates under bile salt condition

Strains code

Viable count (log10 CFU/mlI)
Time of exposure (h)

0 3 Survival (%)
S. cerevisiae CCMA1746 7.73%8+0.05 7.98%+0.01 100
G. candidum CCMA1745 7.09°°+0.01 7.69 38+0.02 100
C. orthopsilosis CCMA1749 7.14°2+0.06 7.48"+0.53 100
C. parapsilosis CCMA1752 7.15°2+0.05 8.16%4+0.12 100
P. guilliermondii CCMA1753 7.57%8+0.05 7.05°¢+0.01 92.73
C. orthopsilosis CCMA1757 7.57%8+0.04 7.94°A40.02 100
C. orthopsilosis CCMA 1776 7.57%8+0.04 7.94A40.02 100
C. orthopsilosis CCMA1748 7.77%40.1 7.81%4+0.01 100
C. orthopsilosis CCMA1750 7.61%4+0.13 7.39°8+0.04 94.79
C. tropicalis CCMA1751 7.79%440.01 7.45P8+0.02 100
C. parapsilosis CCMA 1777 7.00°°+0.01 7.53"8+0.07 97.55
C. parapsilosis CCMA1756 7.47/+0.26 7.38°A+0.39 96.43
M. caribbica CCMA1758 7.80%440.07 7.70%440.03 99.37
G. candidum CCMA1760 7.778+0.1 7.74%8+0.03 98.66
D. hansenii CCMA1761 7.71%8+0.01 7.43°C+0.15 96.25
S. boulardii Floratil® 7.52%8+0.05 7.89%+0.01 100

Results Log CFU / ml are expressed as mean=SD, determined in duplicate. Mean values of
different letters, lowercase in columns and uppercase in rows differ significantly (P <0.05) by
the Scott-Knott test. (Survival at bile salt (%) = Final viable count (log10 CFU/ml) / Initial
viable count (log10 CFU/mI)) x 100

Cell Surface Hydrophobicity

Hydrophobic cell surface was demonstrated (Figure 1) by adherence to N-
hexadecane, a non-polar solvent. Most isolates had a higher (P<0.05) hydrophobicity
percentage than the reference strain, highlighting the isolate Debaryomyces hansenii
CCMA1761 with 92,25% of hydrophobicity. The strains Candida orthopsilosis CCMA
1776, Candida parapsilosis CCMA 1777 and Candida parapsilosis CCMAL1756 presented
the lowest value (P<0.05), being then excluded from the following tests. The hydrophobic
nature of the outermost surface of microorganisms is an important property that has been
implicated in the attachment of the microorganism to the intestinal epithelial cells
(Schillinger, Guigas, Holzapfel, 2005).
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From the probiotic prospect, a high hydrophobicity of the cell surface explains why,
among the yeasts, certain strains have relatively slower elimination Kkinetics from the
gastrointestinal tract and exert different health effects (Martins et al., 2009). The Surface
hydrophobicity can be used as an indirect instrument to assess a probiotic's ability to
potentially adhere to the intestinal mucosa. Various authors have reported that a percentage of
hydrophobicity between 30 and 40% could imply probiotics' ability to interact with mucus
and at least perform transient adhesion (Abdulla, Abed, & Saeed, 2014; llavenil et al., 2016;
Sidira, et al. 2015). All the isolates selected for the next tests showed the percentage of

hydrophobicity higher than 30%, thus these isolates may have a high adhesion capacity.
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Figure 1. Percentage (%) of Hydrophobicity obtained for the different yeast isolates Bar
indicate SD. Bars followed by different letters differ significantly (P< 0.05) by Scott-Knott

test.

Autoaggregation assays and coaggregation assays

The ability of microorganisms to adhere to epithelial cells and mucosal surfaces is of
great importance in probiotic selections as it prolongs their stay in the gut and allows them to
exert their beneficial effects (Collado et al., 2008). The results of the autoaggregation assay
(Table 3) indicated that all isolates evalued presented the percentage of autoaggregation
between intermediate (between 30 and 60%) and high (>60%) (Kos et al. 2003) being the

highest value observed for Saccharomyces cerevisiae CCMA1746 with a autoaggregation of
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91%, similar (P>0.05) result as the one presented by the reference strain S. boulardii, At the
end of 4 h of incubation, all isolates had a higher (P<0.05) autoaggregation percentage than
that found in the first measurement time (1 h). The content of B-(1,3)-D-glucans in the cell
wall (McGinnis, 2004), and some proteins in the wall surface (Singleton, et al. 2005) have
been reported as the factors responsible for autoaggregation abilities of yeasts.

The variability of these results indicates that autoaggregation capacity is strongly
dependent on yeast species and strain (Gil-Rodriguez et al. 2015). Strains isolated in this
study were naturally grown in uncontrolled environmental conditions, as a result they showed
great autoaggregation potential. This property supposedly was developed by these strains as
protective mechanism in nature complex ecosystem. (Sakandar, et al. 2018). Menezes et al
2019, studying yeasts isolated Brazilian indigenous fermented food, cocoa fermentation, and
kefir for the species Pichia guilliermondii, Candida orthopsilosis and Saccharomyces
cerevisiae, the same as our study, found that the values of autoaggregation percentage ranged
from 68.0 to 99,3%.

Table 3. Percentage of autoaggregation of yeast isolates

Time of incubation (hours)

Strains 1 2 3 4
S. cerevisiae CCMA1746 56°5+0.01 83" +0.19 88 +0.06  91* +0.08
G. candidum CCMA1745 47°A+0.10 514 +0.03  60°“+0.05  64°* +0.09
P. guilliermondii CCMA1753  25%4+0.09 3894 +0.10  44°4+0.02  41°4+0.12
C. orthopsilosis CCMA1748 358 +0.02  70°A+0.44  48°A+0.17  51°4+0.09
C. orthopsilosis CCMA1750 57°4+0.01 63" +0.04 68" +0.12  74°A+0.21
C. parapsilosis CCMA1751 56° +0.07  62°2+0.05 70°2+0.03 732 +0.05
M. caribbica CCMA1758 454 +0.03  44°A+0.01  47°4#0.01 54 +0.05
G. candidum CCMA1760 41°A+0.01  47°440.03 534 #0.02  53°4+0.07
D. hansenii CCMA1761 61°4+0.13  68°A+0.05 67°4+0.02  72°A+0.14
S. boulardii Floratil® 59°% +0.06  84*+0.13 84 0.01  87* %0.09

Results are expressed as mean + SD, determined in duplicate. Mean values of different letters,
lowercase in columns and uppercase in rows differ significantly (P <0.05) by the Scott-Knott
test

Coaggregation values ranged between 6,08 (Candida orthopsilosis CCMA1757) and
36.16% (Saccharomyces boulardii Floratil®) for the bacteria Escherichia coli (EPEC) CDC

055, and between 1.26% (Candida parapsilosis CCMA1752) and 24.66% (Debaryomyces
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hansenii CCMA1761) for the bacteria Salmonella Enteritidis S64 (Figure 2). The isolates that
showed lower percentage (P<0.05) of coaggregation with both bacteria were excluded from
following tests. The isolates Debaryomyces hansenii CCMAL1761, Meyerozyma caribbica
CCMAL758, Candida tropicalis CCMA1751, Candida orthopsilosis CCMA1750, Pichia
guilliermondii  CCMAL1753, Candida orthopsilosis CCMA1749 and Saccharomyces
cerevisiae CCMA1746 showed a similar (P<0.05) coaggregation values to the reference strain
S. boulardii.

Organisms with the ability to coaggregate with other bacteria such as pathogens may
have an advantage over non-coaggregating organisms, which are more easily removed from

the intestinal environment (Collado et al., 2008).
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Figure 2. Percentage (%) coaggregation of yeast isolates with pathogenic microorganisms.
The lower histograms represent percentage coaggregation with Salmonella Enteritidis S64,
and the higher histograms the value the coaggregation with Escherichia coli (EPEC) CDC
055. Bar indicate SD. Bars followed by different superscript letters differ significantly (P<
0.05) by Scott-Knott test.

Antimicrobial activity

The results for antagonistic activity of the yeasts against pathogenic bacteria are
shown in Table 4. The isolate Galactomyces candidum CCMA1744 showed no antimicrobial
activity against the pathogens tested, being eliminated from the following tests. All other
strains showed activity towards Salmonella Enteritidis ATCC 564, the strains Pichia
guilliermondii CCMA1753, Candida parapsilosis CCMA1751 and Meyerozyma caribbica
CCMAL1758 showed halo of inhibitions between 20 and 30 mm (Table 4). In contrast, S.
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aureus was inhibited by only 3 strains: Pichia guilliermondii CCMA1753, Galactomyces
candidum CCMAL760 and Saccharomyces boulardii (Floratil®). The isolate Candida
parapsilosis CCMAL1751 had no antimicrobial activity against Listeria monocytogenes ATCC
19117. For the same pathogen, the isolates Saccharomyces cerevisiae CCMAL1746,
Meyerozyma caribbica CCMA1758 and Galactomyces candidum CCMAL760 had activity
with halo of inhibitions greater than 20 mm.

The antimicrobial activity of yeast strains is associated to mycocins or yeast killer
toxins, compounds of protein origin extracellular secreted that are mortal for some susceptible
microorganism, such as yeasts, bacteria and filamentous fungi (Bussey 1972; Polonelli and
Morace 1986; Izgu and Altinbay 1997; Santos et al. 2004). Killer yeast strains are immune to
their own toxins, but the toxins can Kill other cells by different mechanisms (Schmitt and
Breinig, 2002). Several species of Pichia have been reported to have the killer character
(Meneghin , et al 2011, Starmer, et al, 2002; Baeza, et al, 2008; Polonelli, et al, 2011), the
isolate Pichia guilliermondii CCMA1753 from our study showed antimicrobial activity for all

pathogens tested.

Table 4 Antimicrobial activity of yeast isolates

Strains S. aureus S. Enteritidis L. monocytogenes
ATCC 8702 ATCC 564 ATCC 19117

S. cerevisiae CCMA1746 - ++ +++
G. candidum CCMA1745 - - -
P. guilliermondii CCMA1753 + +++ +
C. orthopsilosis CCMA1748 - ++ ++
C.orthopsilosis CCMA1750 - ++ ++
C. parapsilosis CCMA1751 - +++ -

M. caribbica CCMA1758 - +++ +++

G. candidum CCMAL1760 + ++ +++
D. hansenii CCMA1761 - ++ ++
S. boulardii Floratil® + ++ ++

Activity: + = presence of a clear zone of growth inhibition around well <10 mm; ++ =
presence of a clear zone of growth inhibition around well > 10 mm; +++ = presence of a
clearly defined inhibition zone between 20 and 30 mm surrounding the wells containing cell-
free supernatant; — = no inhibition.
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Gelatinase and Hemolytic activity, DNase Production Test

None of the strains were found to be positive for gelatinase, DNase and hemolytic
activity, validating their relative safety as probiotic candidates.

Survival of yeasts during in vitro digestion

Survival in the simulated gastrointestinal digestion (SGID) tract is an important
criterion for determination of probiotics, and involves ability to survive the acidic gastric
juice, pepsin, bile salts, basic pancreatic enzymes, and physiological temperature (Gut et al.,
2018). High in vitro digestion survival for strains tested was found (Table 5). Probiotics
should be supplied in quantities of 108 — 10° CFU/mL in food and that after the SGID should
prevail between 10° and 10’ CFU/mL to be able to exert the benefits attributed to probiotics
(Shori,2017). Yeast amounts used at the beginning and those reached at the end of SGID
coincide with that recommended elsewhere in the literature, all the strains maintaining
viability (> 6.0 log10 CFU/ml) in 8th digestive step (ileum, pH 6.5, 60 min), presenting a
survival rate greater than 82%.

The initial step was simulation of mouth conditions, the strains did not suffer a
decrease (P>0.05) in viable numbers. During exposure to esophagus—stomach simulated
conditions, the yeast C. orthopsilosis CCMA 1748 decreased (P<0.05) their viable cell
numbers within 10 min of contact with gastric juice, which corresponds to pH 5.5. For the
yeasts S. cerevisiae CCMA 1746 and P. guilliermondii CCMA 1753 the decreased (P<0.05)
their viable cell numbers was observed after 50 min of contact with gastric juice (pH 2,8). The
yeasts M. caribiica CCMA 1758, C. parapsilosi CCMA1750, D. hansenii CCMA 1761
maintained the concentration of viable cells significantly unchanged (P>0.05) until 70 min of
contact in pH 2.3.

Subsequent treatment, exposition to the 7th step (duodenum, pH 5.0, 30 min)
containing bile salts and pancreatin, displayed a more impact on yeasts survival. Overall, the
viable cell numbers decreased (P<0.05). Among the six potential probiotic yeasts studied, P.
guilliermondii CCMA 1753 and D. hansenii CCMA 1761 appears to be the most resistant to
transit throughout the gastrointestinal tract, presenting at the end of the digestion simulation a
higher (P>0.05) viable cell count. Similar results were also reported by Bonatsou, et al. 2015,
the isolated from spontaneous fermentation of naturally black cv. Conservolea olives, P.
guilliermondii Y16 and D. hansenii Y57, showed values especially high survival at simulated

digestive process.
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The results obtained in this work show that yeasts have ability that allow it to adapt to
the stress conditions found in the gastrointestinal tract, presence of low pH, bile acids and
digestive enzymes, presented high survival percentage during simulated digestion, a result
which is in line with previously reported data for yeasts isolated from olive fermentation
(Bonatsou, et al. 2015; Bonatsou, et al. 2018; Porru et al., 2018).

In the recent work of Romero-Luna et al, 2019, the yeast Saccharomyces cerevisiae
Strain (C41) showed a viability of 78.95% after 180 min of exposition in of simulated
digestion, result quite similar to that found in our study, where the yeast S. cerevisiae CCMA
1746 presented a viability of 82.08% after exposure the simulation of the gastrointestinal
tract.

In general, food-associated yeasts have been found by other authors to have quite a
good survival under conditions that simulate passage through the human gastrointestinal tract.
(Kuhle et al., 2005; Kumura et al.,, 2004; Psomas et al., 2001; Trotta et al., 2012).
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Table 5 Conditions used during the simulated digestion and the resultant viable cell counts of yeast isolates

Viable cell counts (log CFU/mL)

Organ . Stirring Time
Condition pH . - . . C. . P.
(rpm) (min) M. caribiica C. parapsilosi D. hansenii orthopsilosis S. cerevisiae guilliermondii
CCMA 1758 CCMA1750 CCMA 1761 CCMA 1748 CCMA 1746 CCMA 1753
_Before - ; ; ; 7.1620.09°°  7.41+0.01A%  7.37+0.03°®  7.34+0.05°  7.42+0.06"  7.46+0.017
simulation
Mouth Saliva 200 6.9 2 7.16+0.05"¢ 7.40+£0.08%8  7.37+0.057¢  7.28+0.04Ac 7.41+0.044ap 7.46+0.03%2
5.5 10 7.11+0.02A%  7.38+0.04Ab¢ 7.35+0.02A¢ 7.17+0.058¢ 7.42+0.0148p 7.47+0.02%2
4.6 10 7.10+0.014¢ 7.37+0.02Aab 7.32+0.084P 7.08+0.01B¢¢ 7.44+0.08%2 7.45+0.0442
Esophadus.. 3.8 10 7.06+0.094P 7.34+0.01%2 7.35+0.05%2 7.07+0.09¢0 7.33+0.05"B2 7.42+0.03%2
Stgma?ch Pepsin 130
2.8 20 7.05+0.04Acd 7.32+0.09%2 7.34+0.01%8  7.00+0.02CPde 7 23+0,038BP 7.08+0.07B¢
2.3 20 6.92+0.0580¢ 7.00+0.078b¢ 7.29+0.08%2 6.91+0.04°¢ 7.03+0.04C> 6.64+0.02¢
2.0 20 6.34+0.06C¢ 6.98+0.048¢Ca 7.07+0.0152 6.27+0.09E¢ 6.51+0.040P 6.52+0.030P°
Pancreatin
Duodenum + 45 5.0 30 6.16+0.08> 6.89+0.04C¢2 6.49+0.04¢> 6.29+0.01F¢ 6.05+0.09Ed 6.37+0.08E¢
bile salt
lleum - 45 6.5 60 6.15+0.06°° 6.12+0.09Pb¢ 6.34+0.08P2 6.03+0.01F¢ 6.09+0.08E"C 6.36+0.05F2
Survival (%) 85.89 82.59 86.02 82.15 82.08 85.25

Steps 1: stages to simulate the conditions in the mouth; Steps 2 to 7: stages to simulate the conditions in the esophagus - stomach; step 8: stage to
simulate the conditions in the duodenum; step 9: stage to simulate the conditions in the ileum. + indicates standard deviations from the mean. Mean
values followed by different letters, uppercase in columns and lowercase in rows differ significantly (P <0.05) by the Tukey's test. Survival at
simulated digestion (%) = (Final viable count (log10 CFU/mI) / Initial viable count (log10 CFU/ml)) x 100



Caco-2 and HT-29 cell line adhesion assay

In the previous sections, we performed the characterization of essential factors to
evaluate the probiotic potential of olive isolated yeasts. In addition, an important criterion for
the selection of probiotic strains is the ability to temporarily colonize the intestine by adhering
to the intestinal epithelium. For in vitro evaluation, human colon tumor cell lines such as
Caco-2 and HT-29 have been used to elucidate the mechanisms involved in interactions
between the microorganism and the intestinal mucosa of the host (Gheziel et al., 2018).

In the assay using the Caco-2 strain, most isolates had a high adhesion rate, with
values above 50% (Figure 3). Our findings are similar to other studies that found hight
adhesion capacity of isolated food yeasts (Kumura et al., 2004; Kourelis, et al., 2010;
Zivkovi¢ et al., 2015; Menezes et al., 2019). The results are expressive compared to the study
of Bonatsou et al. (2018), in which yeasts isolated from the natural fermentation of black
olives showed adhesion rates ranging from 1 to 6%. The highest Caco-2 adhesion values were
obtained by Meyerozyma caribbica CCMA 1758 (82%), followed by Debaryomyces hansenii
CCMA 1761 (76%), Pichia guilliermondii CCMA1753 (72%) and Candida orthopsilosis
CCMAL748 (71%), this adherence rates were greater (P<0.05) than control yeast
Saccharomyces boulardii. For strain Galactomyces candidum CCMA 1760, it was observed a
lower (P<0.05) adhesion than the reference strain, so this strain was excluded from the study.
The other evaluated yeasts showed similar (P>0.05) values to control yeast.

Subsequently, the adhesion assay was performed on HT-29 cells. (Figure 3). This cell
line differs from Caco-2 as it produces mucus, a protective barrier to the intestinal mucosa
(Ringot-Destrez et al., 2018). The adhesion assay with the HT-29 cell line showed satisfactory
results, with values also above 50%. The highest (P<0.05) percentage was observed for
Candida orthopsilosis CCMA 1748 with a value of 87%, being greater than the reference
strain yeast. It is possible that this result may be associated with the physical entrapment of
microbial cells in the mucus rather than the greater specific affinity of this line for strains
(Gopal et al., 2001). In the recent study by Hong et al. (2019), the values obtained for two
strains of S. cerevisiae were lower compared to our studies, with the results ranging between 8
and 21%. Meyerozyma caribbica CCMA 1758 and Pichia guilliermondii CCMA 1753
showed values similar (P>0.05) to S. boulardii. Candida parapsilosis CCMAL1750 isolate had
the lowest adhesion capacity (P<0.05) of yeast strains to HT-29 cells, so it was not selected
for the next test.
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Figure 3. Adhesion capacity of yeast strains to Caco-2 (A) and HT-29 (B) cells. Bar indicate
SD. Bars followed by different letters differ significantly (P < 0.05) by Scott-Knott test.

Inhibition of pathogenic bacteria adhesion to Caco-2 by yeasts

An important aspect of the function of probiotic microorganisms is the protection of
the host's gastrointestinal tract against invasive pathogens. The resident GIT microbiota is
believed to provide host protection against possible colonization by enteropathogenic
microorganisms (Reid et al., 1990). Probiotic microorganism may have important properties
to inhibiti of pathogen adhesion to host cells, including competition for receptors on the target
cell, production of a toxic environment, production of molecules with antimicrobial activity
and coaggregation with pathogens (Oelschlaeger, 2010).

In this study, it was evaluated the ability of the seven selected yeasts to inhibit the
adhesion of Salmonella Enteritidis S64 (Table 6) and Escherichia coli CDC 055 (Table 7)
pathogens to the Caco-2 cell, in exclusion and competition assays.

Usually, yeast inoculation substantially reduced pathogen adhesion to the epithelial
cell surface, in some cases being more efficient than reference strain, S. boulardii. For
Salmonella Enteritidis, the strain Candida orthopsilosis CCMAL1748 showed the higher
(P<0.05) percentage of inhibition in the competition assay, higher than the reference strain.
For the exclusion assay the strains Candida tropicalis CCMAL1751, Saccharomyces cerevisiae
CCMAL1746 and Candida orthopsilosis CCMA1748, presented higher (P<0.05) inhibition
percentage than the reference strain.

For the pathogen E. coli, all the strains showed similar (P>0.05) adhesion inhibition
capacity to the reference strains in the competition assay. The strain Candida tropicalis
CCMAL1751 presented results similar (P>0.05) to those found for the reference strain for the



exclusion assay, and the other isolates showed the higher (P<0.05) adhesion inhibition
capacity than the S. boulardii.

In general, the inhibition of both pathogens was higher (P<0.05) for the exclusion
assays when the yeast was previously inoculated compared to the concurrent inoculation in
competition assay. This is associated with the ability of yeast to adhere to the intestinal
mucosa, preventing pathogens from adhering through a physical barrier (Cardarelli et al.,
2003).

The interaction between pathogens and intestinal epithelium occurs through the
interaction of receptors and cellular structures, and each entero-invasive bacterium uses
different pathways for cell invasion (Burkholder, Bhunia, 2009; Nakamura et al., 2012;
Zeiner, 2012). A study suggests that Salmonella Typhimurium adhesion to Caco2 cells is
mediated by type 1 bacterial fimbriae (Burkholder, Bhunia, 2009). The presence of this type
of fimbria increases coaggregation with S. boulardii, due to its affinity for mannose, common
in yeast cell wall composition (Gedek, 1999). Thus, we believe that the lower adhesion of
pathogens to intestinal cells promoted by the tested yeasts can occur through the trapping of

pathogenic bacteria on its surface.

Table 6 Percentage inhibition of S. Enteritidis S64 adhesion to Caco-2 cells by yeasts

Strains Competition (%) Exclusion (%)
S. cerevisiae CCMA 1746 19.45 "2+4.70 60.21%A+5.64
P. guilliermondii CCMA 1753 15.76 *A+8.00 33.76 "A+4.94
C. orthopsilosis CCMA 1748 60.40 *+2.34 67.90 #\+4.34
C. tropicalis CCMA 1751 32.45"8+1.24 69.09 * +0.00
M. caribbica CCMA 1758 21.91°8 +3.97 44.87 PA +1.17
D. hansenii CCMA 1761 33.88 "A+5.08 46.85"A+1.85
S. boulardii Eloratil® 26.84 "A+2 .98 37.02 %A +10.37

Displayed Log CFU / ml values were determined in duplicate; + indicates standard deviations
from the mean. Mean values followed by different letters, lowercase in columns and
uppercase in rows differ significantly (P <0.05) by the Scott Knott test.
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Table 7 Percentage inhibition of E. coli CDC 055 adhesion to Caco-2 cells by yeasts

Strains Comepetition (%) Exclusion (%)

S. cerevisiae CCMA 1746 22.47%°+1.63 40.95 *#+1.15
P. guilliermondii CCMA 1753 23.43 *8+0.84 38.55 #+3.48
C. orthopsilosis CCMA 1748 23.55%%+2.78 38.01 *+2.33
C. tropicalis CCMA 1751 21.823A +1.32 23.86 "4 +2.13
M. caribbica CCMA 1758 21.79%® +0.79 37.243A +1.4
D. hansenii CCMA 1761 20.37%8+0.85 37.99 #+0.57

S. boulardii Floratil® 23.64 %A +1.48 24.16 "A +1.92

Displayed Log CFU / ml values were determined in duplicate; + indicates standard deviations
from the mean. Mean values followed by different letters, lowercase in columns and
uppercase in rows differ significantly (P <0.05) by the Scott Knott test.

Conclusion

In the fermentation of Brazilian table olives, a product little explored in relation to the
microbiota, yeast strains with potential probiotic properties can be selected. From a total of 18
yeasts, 6 showed potential properties for use as probiotics: Saccharomyces cerevisiae
CCMAL746, Pichia guilliermondii CCMA1753, Candida orthopsilosis CCMA1748, Candida
tropicalis CCMA1751, Meyerozyma caribbica CCMAL1758, and Debaryomyces hansenii
CCMAL761. The results obtained show that yeasts have ability that allow it to adapt to the
stress conditions like a presence of low pH, bile acids and digestive enzymes, so being able to
reach and remain viable in the gastrointestinal tract and provide the beneficial effect. In
addition, the yeast strains exhibited antimicrobial activity against pathogens. Analyses of
surface properties, the isolates showed autoaggregation capacity, coaggregation with
enteropathogens, showed high adhesion values to Caco-2 and HT-29 cells, and were also able
to inhibit pathogen adhesion.

The study makes a relevant discovery for the characterization of new potential
probiotic strains, mainly yeasts that are still little explored when compared with bacteria. The
exploration of national fermented products is important to find species with probiotic
potential associated, can be used for the development of new foods and probiotic products.

Further in vivo studies should be also performed to confirm its potential beneficial effects
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