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RESUMO

Varios beneficios para a saide humana tém sido relacionados ao uso de microrganismos
probioticos, os quais sdo representados majoritariamente por bactérias laticas, com destaque
para espécies do género Lactobacillus. Subprodutos do processamento de frutas tém sido
reconhecidos como potenciais fontes de Lactobacillus, porém h& uma escassez de estudos que
avaliem o potencial de cepas de Lactobacillus isoladas destes materiais para uso como
probioticos. Nesse contexto, este estudo avaliou nove cepas de Lactobacillus (L. plantarum
53, L. fermentum 56, L. fermentum 60, L. paracasei 106, L. fermentum 250, L. fermentum
263, L. fermentum 139, L. fermentum 141 e L. fermentum 296) isoladas de subprodutos do
processamento de frutas em relacdo a uma seérie de propriedades de seguranca
(susceptibilidade a antibidticos, atividade hemolitica e degradacdo da mucina),
funcionalidades fisioldgicas (tolerancia a pH acido e sais biliares, desconjugacdo de sais
biliares, hidrofobicidade da superficie celular, autoagregacdo, coagregacdo com patdgenos,
atividade antagonista frente a patdgenos e capacidade de sobreviver durante a exposicao a
condicBes gastrointestinais simuladas) e tecnoldgicas (atividade proteolitica e lipolitica,
tolerancia a NaCl, producdo de exopolissacarideo e diacetil), as quais podem revelar o
potencial uso destas cepas como probidticos. Considerando os aspectos de seguranca, a
resisténcia fenotipica para antibidticos variou entre as cepas de Lactobacillus testadas, e
nenhuma das cepas apresentou atividade hemolitica e mucinolitica. Em relagdo as
propriedades de funcionalidade fisioldgica, nenhuma das cepas foi capaz de desconjugar sais
biliares; todas elas apresentaram hidrofobicidade celular variado de baixa a moderada, foram
capazes de autoagregar, coagregar com Listeria monocytogenes e Escherichia coli e exercer
atividade antagonica frente bactérias patogénicas. A exposicdo a pH 2 causou diminuicdo
acentuada nas taxas de sobrevivéncia das cepas examinadas apds 1 ou 2 h de exposic¢éo; por
sua vez, reducbes variadas forma observadas apds 3 horas de exposicdo a pH 3. De forma
geral, a exposicdo a pH 5 e aos sais biliares (0.15, 0.3 e 1%) ndo diminuiram a sobrevivéncia
das cepas testadas. As cepas examinadas apresentaram melhor capacidade para sobreviver a
exposicdo as condicbes gastrointestinais simuladas em meio laboratorial e leite integral do
que em suco de uva. Considerando as propriedades tecnoldgicas, todas as cepas testadas
foram positivas para atividade proteolitica, producdo de EPS e diacetil, e a maioria delas
apresentou boa tolerancia para 1 - 4% de NaCl. De forma geral, L. fermentum 139, L.
fermentum 263 e L. fermentum 296 demonstraram as melhores performances para a maioria
das propriedades avaliadas. Estes resultados indicam que cepas de Lactobacillus isoladas de
subprodutos do processamento de frutas podem ser candidatas para utilizacdo como novas
cepas probidticas.

Palavras-chave: fruta, subprodutos agroindustriais, Lactobacillus, propriedades probidticas,
seguranca, propriedades tecnoldgicas.



ABSTRACT

A variety of human health benefits have been related with the use of probiotic
microorganisms, which are represented mainly by lactic bacteria but primarily by species
belonging to the Lactobacillus genus. Fruit processing byproducts has been known as
potential sources of Lactobacillus; however, studies on the probiotic properties of
Lactobacillus strains isolated from these materials are still scarce. In this context, this study
examined nine Lactobacillus strains (L. plantarum 53, L. fermentum 56, L. fermentum 60, L.
paracasei 106, L. fermentum 250, L. fermentum 263, L. fermentum 139, L. fermentum 141 and
L. fermentum 296) isolated from fruit processing for a series of safety (e.g., antibiotic
susceptibility, haemolytic activity and mucin degradation), physiological functionalities (e.g.,
acid and bile salts tolerance, bile salts desconjugation, cell surface hydrophobicity,
autoaggregation, coaggregation with pathogens, antagonistic activity against pathogens and
capability of surviving during exposure to simulated gastrointestinal conditions), and
technological properties (e.g., proteolytic and lipolytic activity, tolerance to NaCl,
exopolysaccharide and diacetyl production), that could enable their use as probiotics.
Considering the safety aspects, the resistance to antibiotics varied among the examined
strains, and none of the strains presented hemolytic and mucinolytic activity. Regarding the
physiological functionality properties, none of the strains was able to deconjugate bile salts;
all of them presented low to moderate cell hydrophobicity, were able to autoaggregate,
coaggregate with Listeria monocytogenes and Escherichia coli and antagonize pathogenic
bacteria. The exposure to pH 2 sharply decreased the survival of the examined strains after 1
or 2 h-exposure; variable decreases were noted after 3 h-exposure to pH 3. Overall, the
exposure to pH 5 and to bile salts (0.15, 0.3 and 1%) did not decrease the survival of the
examined strains. The examined strains presented better ability to survive the exposure to
simulated gastrointestinal conditions in laboratorial media and milk than in grape juice.
Considering the technological properties, all the strains were positive for proteolytic activity,
EPS and diacetyl production, and most of them had good tolerance to 1 - 4% NaCl. Overall,
L. fermentum 139, L. fermentum 263 and L. fermentum 296 showed the best performance for
most of the evaluated properties. These results indicate that wild Lactobacillus strains isolated
from fruit processing byproducts could be candidates for use as new probiotics.

Keywords: fruit, agroindustrial byproducts, Lactobacillus, probiotic properties, safety,
technological properties.



LISTA DE QUADROS E TABELAS

METODOLOGIA
Quadro 1. Identificacdo das cepas de Lactobacillus utilizadas nos experimentos.
Tabela 1. Condi¢Ges de exposi¢do usadas durante cada fase da digestdo simulada.

ARTIGO

Table 1. Minimum inhibitory concentration (ug/mL) of different antibiotics against
Lactobacillus strains isolated from fruit processing byproducts.

Table 2. Counts (n =9, average values + standard deviation; log cfu/mL) of different
Lactobacillus strains isolated from fruit processing byproducts when challenged with
different pH values and bile salt concentrations (w/v) for different exposure time
periods.

Table 3. Physiological functionality and technological properties of different
Lactobacillus strains isolated from fruit processing byproducts. Results are expressed
as average (n = 9) + standard deviation, with the exception of diacetyl production.

Table 4. Antagonistic activities of different Lactobacillus strains isolated from fruit
processing byproducts against food-related bacteria as measured by spot agar and
well diffusion assays. Results are expressed in diameter (mm) of growth inhibition
zones (n = 9; average + standard deviation).

Table 5. Percent survival rates (n: 9; average + standard deviation) of different
Lactobacillus strains isolated from fruit processing byproducts after 24 h-exposure to
different NaCl concentrations.

S1. Counts (n = 9; average values + standard deviation; log cfu/mL) of Lactobacillus
strains isolated from fruit processing byproducts when exposed to different phases of
the simulated gastrointestinal digestion in grape juice, milk and de Man, Rogosa &
Sharpe (MRS) broth.

24

30

76

7

78

79

80

81



ANVISA
ATCC
BHI
CFU
CIM
CLSI
EFSA
EPS
FAO
GRAS
LAB
MIC
PBS
PCA
QPS
STF
UFC
UHT
WHO

LISTA DE ABREVIATURAS E SIGLAS

Agéncia Nacional de Vigilancia Sanitaria
American Type Culture Collection

Brain Heart Infusion

Colony-Forming Unit

Concentracdo Inibitoria Minima

Clinical and Laboratory Standards Institute
European Food Safety Authority
Exopolissacarideo

Food and Drug Administration

Generally Recognized as Safe

Lactic Acid Bacteria

Minimum Inhibitory Concentration
Phosphate Buffered Saline

Plate Count Agar

Qualified Presumedly as Segure

Solucdo Tampéo Fosfato

Unidade Formadora de Colo6nia
Ultra-High Temperature

World Health Organization



SUMARIO

1. INTRODUGAO . ...ttt s st 11
2. REFERENCIAL TEORICO ...ttt 13
2.1 BACTERIAS LATICAS PROBIOTICAS E SEUS BENEFICIOS FUNCIONAIS..... 13
2.2 PROPRIEDADES PROBIOTICAS DE BACTERIAS LATICAS.......oooeveeevereeerene. 16
2.3 PROPRIEDADES TECNOLOGICAS DE BACTERIAS LATICAS.........coconinrininns 20
3. MATERIAIS E METODOS........cooiieeeeeeeeeteeee ettt 24
3.1 SELECAQO DAS CEPAS......cooeveeeteeeeeeteiesiess st ses s ses s sessasssssss s sensnsessenensans 24
3.2 PROPRIEDADES DE SEGURANGA..... .ottt 24
3.2.1 Susceptibilidade a antibIOtICOS............ccoriiiiiirireee e 24
3.2.2 Atividade NemMOIITICA.......c.ccveieie i 25
3.2.3 Degradacao da MUCING..........cccueiuiiieieeie sttt reeneeenee s 25
3.3 PROPRIEDADES DE FUNCIONALIDADES FISIOLOGICAS.......ccccoovveverererrnne. 26
3.3.1 Tolerancia a diferentes valores de pH...........ccooeriiiiiiiinceee e 26
3.3.2 Tolerancia a diferentes concentragdes de sais biliares............ccccooviviniiiiicnenn 26
3.3.3 Desconjugacao de Sais DIlIAresS...........ccciveieiiiie e 27
3.3.4 Hidrofobicidade da superficie celular............cccooveieiiiiicii e, 27
3.3.5 Autoagregacao e coagregacao com L. monocytogenes e E. coli........cccccveernenneee. 27
3.3.6 Atividade antagonista frente a bactérias patogénicas..........cc.ccoevvrereneenereennen, 28
3.3.7 Exposicao a condicdes gastrointestinais simuladas............c.cccccecvevieiieiiiiic e, 29
3.4 PROPRIEDADES TECNOLOGICAS.......cooviveeieeerceeeevereee e sen s senas s, 31
3.4.1 Atividade ProteolitiCa.........cccoreiiireire e 31
3.4.2 AtIVIAAde HPOITTICA. ... e e 31
KRR o] [=] = g Tod = = T AN - L SRS 31
3.4.4 Producao de eXopOoliSSACaritEOS. .........cccveiveeiiireeiiecie s sie ettt ra e 31
3.4.5 ProduGao de diaCetil...........ccoeiieiieiicc e e 32
3.5 ANALISES ESTATISTICAS. .....oiiiiiriieieie ettt 32
REFERENCIAS. ..ottt 33

APENDICES. ... oo oo e e e e e e e e e e e et e e et e e s et et e s e e e s et e es et e e es e ees et enerans 50



11

1 INTRODUCAO

Alimentos funcionais sdo definidos como todo alimento ou ingrediente que, além das
funcBes nutricionais basicas, quando consumidos como parte da dieta usual, produz efeitos
metabdlicos e/ou fisiologicos benéficos a salde, devendo ser seguro para 0 consumo sem
supervisao médica (BRASIL, 2016). A classificagdo de um alimento funcional pode ser dada
de acordo com o alimento em si ou conforme a presenca de componentes bioativos
(KOMATSU; BURITI; SAAD, 2008). Os componentes bioativos oficialmente reconhecidos
sdo acidos graxos 6émega 3, carotendides, fibras alimentares, polidis, proteina de soja e
probioticos (BRASIL, 2016).

A Organizacdo Mundial de Saude define probidticos como sendo microrganismos
vivos, que quando administrados em quantidades adequadas, conferem beneficios a satde do
hospedeiro (FAO/WHO, 2006). A modulagdo da composic¢do e atividade do ecossistema
microbiano responsavel por sua colonizacdo tem atraido grande interesse para o
desenvolvimento de alimentos funcionais, o que pode ser confirmado pelo crescente mercado
de alimentos incorporados com probidticos ou consumo de prebidticos na forma de
suplementos (GRANATO et al., 2010; LANDMAN; QUEVRAIN, 2016).

As bactérias laticas, em sua maioria, apresentam potencial probiético, o que torna sua
utilizagdo um atrativo, ja que passam a auxiliar na manutencdo da saide dos individuos
(GARCIA et al., 2016). Dentre as bactérias laticas, 0 género Lactobacillus se destaca entre 0s
probidticos mais utilizados, sendo formado por mais de 200 espécies e subespécies
reconhecidas, as quais sdo comensais no trato gastrointestinal humano e comumente utilizadas
para a fermentacdo de alimentos (CHIANG; PAN, 2012; ARGYRI et al., 2013; SUN et al.,
2015). Para isso, normalmente se caracterizam como ndo patogénicas, adequadas
tecnologicamente para processos industriais, tolerantes a pH acido e sais biliares, além de
exercer efeitos antagonistas frente a patogenos (MOJGANI; HUSSAINI; VASEJI, 2015).

Os mecanismos pelos quais o0s probidticos exercem seus efeitos podem envolver a
modificacdo do pH por meio da producdo de acidos organicos, atividade antagonista sobre
patégenos por meio da producdo de compostos antimicrobianos, competicdo com patdgenos
por receptores de ligacdo, efeito de barreira no intestino, producdo de enzimas (j-
galactosidase, sal biliar hidrolase), sintese e aumento da disponibilidade de nutrientes
(hidrolise de proteinas e lipidios), estimulacdo de células imunomoduladoras e reducgdo da
atividade de enzimas que ativam a carcinogénese (VASILJEVIC; SHAH, 2008; VENTURA
etal., 2009; GHEYTANCHI et al., 2010; SAXAMI et al., 2016).
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O isolamento e caracterizagdo de novas cepas probiéticas de substratos ainda pouco
investigados podem ser vantajosos para obtencdo de cepas com particularidades funcionais
diferenciadas (TULUMOGLU; KAYA; SIMSEK, 2014; ILHA et al., 2015; SALVUCCI,
LEBLANC; PEREZ, 2016; LEE et al., 2016; DOMINGOS-LOPES et al., 2017). Embora ja
exista uma grande variedade de produtos l&cteos contendo probidticos, o mercado ainda busca
por inovagOes e novas formulagdes de produtos ndo lacteos capazes de garantir a eficacia das
bactérias durante a vida util do produto (ARGYRI et al., 2015; GEISSLER et al., 2016;
NEMATOLLAHI et al., 2016).

Subprodutos do processamento de frutas apresentam uma grande variedade de
microrganismos de interesse para a indudstria de alimentos, incluindo bactérias laticas (YANG
et al., 2010). Os produtos derivados de frutas aparecem como matrizes alimentares
alternativas para formulacdo de alimentos probidticos, tendo em vista a variedade de
compostos bioativos presentes nas frutas e sua boa aceitagéo pelos consumidores (COSTA et
al., 2013a; BEDANI et al., 2014; RUSSO et al., 2015). A adaptacdo natural as caracteristicas
intrinsecas da fruta pode auxiliar bactérias laticas obtidas destes substratos a sobreviver
durante o processamento e armazenamento de formulagdes probidticas, bem como ao longo
da exposicao as condicOes estressantes impostas durante a passagem pelo trato gastrointestinal
humano (GARCIA et al., 2016).

Considerando tais aspectos, 0 objetivo desse trabalho foi avaliar algumas propriedades
de seguranca, funcionalidade fisioldgica e tecnoldgicas de cepas de Lactobacillus isoladas de
subprodutos do processamento de frutas, as quais em conjunto podem revelar o seu potencial

uso como probidticos.
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2 REFERENCIAL TEORICO

2.1 BACTERIAS LATICAS PROBIOTICAS E SEUS BENEFICIOS FUNCIONAIS

O termo “alimentos funcionais” foi primeiramente introduzido no Japdo por serem
alimentos reconhecidos pela ciéncia por seus efeitos benéficos na saide (BALDISSERA et
al., 2011). O principio, entdo, foi rapidamente adotado mundialmente (HASLER, 2002).
Entretanto, as denominacdes das alegacBes, bem como os critérios para sua aprovagéo variam
de acordo com a regulamentacdo de cada pais ou de blocos econémicos (STRINGHETA et
al., 2007; BRASIL, 2016).

Assim, o conceito de alimentos funcionais proposto inicialmente refere-se aos
alimentos utilizados como parte de uma dieta normal que demonstram beneficios fisioldgicos
além das suas func@es basicas nutricionais (COSTA; ROSA, 2010; CHONAN, 2011). Nesse
contexto, os beneficios proporcionados pelos alimentos funcionais sobre a salide humana séo
conhecidos hd muito tempo, mas o interesse no estudo desses alimentos, de seus compostos
bioativos e do impacto do consumo na salde tornou-se intenso apenas nas ultimas décadas
(MARTINS et al., 2013).

As bactérias laticas sdo consideradas o principal grupo de microrganismos probioticos
em funcdo da sua longa historia de uso, de ser parte natural da microflora do ambiente
intestinal e, principalmente, por ndo estarem associadas a efeitos patogénicos, sendo, assim,
geralmente reconhecidas como seguras (GRAS) ou presumidamente qualificadas como
seguras (QPS) (ZHANG et al., 2013). Essas bactérias estdo amplamente distribuidas na
natureza e constituem um grupo composto por 13 géneros, a citar: Carnobacterium,
Enterococcus, Lactobacillus, Lactococcus, Lactoshaepa, Leuconostoc, Oenococcus,
Paralactobacillus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus e Weissela
(PATRICK, 2012). Embora os limites taxondmicos desse grupo venham sendo objeto de
algumas controvérsias, historicamente, os géneros Lactobacillus, Leuconostoc, Pediococcus e
Streptococcus formam o ndcleo do grupo, sendo poucos 0s géneros ainda que possuem efeito
probidtico bem documentado (MAYO et al., 2010; ANGMO et al., 2016).

Sobre sua morfologia, as bactérias laticas apresentam a forma de cocos, coco-bacilos ou
bastonetes, sendo caracterizadas como Gram-positivas, acido tolerantes, ndo esporuladas,
nutricionalmente fastidiosas, anaerdbias e aerdbias facultativas, mesoéfilas ou termofilas, com
temperaturas 6timas de crescimento de 30 a 37 °C e 45 a 50 °C, respectivamente, incapazes
de sintetizar porfirinas, catalase e motilidade negativas (STEFANOVIC; FITZGERALD;
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MCAULIFFE, 2017). Estao funcionalmente relacionadas devido a sua capacidade comum de
produzir primariamente acido latico a partir de hexoses (MAKAROVA; KOONIN, 2007).

Quanto ao seu metabolismo, essas bactérias podem ser classificadas como
homofermentativas, pela producdo de acido latico como o principal ou unico produto, a
exemplo de Lactococcus, Pediococccus, Enterococccus, Streptococcus e alguns
Lactobacillus; ou heterofermetativas, produtoras de quantidades similares de acido latico,
diéxido de carbono e etanol, além da producdo de compostos de flavor e aroma, como
acetaldeido e diacetileno, a exemplo de Leuconostoc, Weissela e alguns Lactobacillus (JAY;
LOESSNER; GOLDEN, 2005).

Atualmente, diferentes investigacfes apoiam a importancia de probidticos como parte
de uma dieta saudavel (OH; JUNG, 2015; ANGMO et al., 2016). Estudos mostram que a
ingestdo de alimentos suplementados com bactérias probidticas tem sido associada a uma
variedade de beneficios para a saude humana, tais como: efeito antidiabético (PANWAR et
al., 2016), anti-hipertensivo (LOLLO et al., 2015; AHREN et al., 2015; MIREMADI;
SHERKAT; STOJANOVSKA, 2016), antiobesidade (ARORA; SINGH; SHARMA, 2013;
KANG et al., 2013; JUNG et al., 2015), antioxidante (SPYROPOQULOS et al., 2011; DAS;
GOYAL, 2015; CAMPANELLA et al., 2017), antimutagénico e anticarcinogénico (COOK et
al., 2012; CHIANG; PAN, 2012; UCCELLO et al., 2012; ZHONG; ZHANG; COVASA,
2014; SAXAMI et al., 2016), antialergénico (SOCCOL et al., 2010; HUANG et al., 2016),
antidepressivo (GAYATHRI; RASHMI, 2017) e imunomodulador (IBRAHIM et al., 2010;
PAGNINI et al., 2010; LOLLO etal., 2012; CHIANG; PAN, 2012).

Além disso, auxiliam na melhoria da intolerancia a lactose e diminuicdo dos niveis de
colesterol (OOI; LIONG, 2010; KUMAR et al., 2012; MIREMADI et al., 2014; CHOI,
CHANG, 2015; SHEHATA et al., 2016), na prevencdo e alivio dos sintomas de diarreia
(SOCCOL et al., 2010; SHEELA; SUGANYA, 2012; CHINGWARU; VIDMAR, 2017), na
salde oral e intestinal de idosos (LAHTINEN et al., 2012), na prevencdo de doencas
cardiovasculares (CHIANG; PAN, 2012; SAAD et al., 2013), no tratamento de distlrbios
digestivos graves (SOCCOL et al., 2010; DESHPANDE et al., 2010; DEL CARMEN et al.,
2011), na prevencdo da osteoporose (BRITTON et al., 2014, OHLSSON et al., 2014), na
atenuacdo dos sintomas de doencas relacionadas ao estresse, tais como ansiedade e depressao
(BRAVO et al., 2011), e no desempenho cerebral (HEJTZ et al., 2011; SELHUB; LOGAN,;
BESTED, 2014; BORRE et al., 2014; MU; YANG; ZHU, 2016).

Os beneficios atribuidos aos microrganismos probidticos tem sido alcangados,

principalmente, por meio da modulacdo da populacéo e atividade da microbiota intestinal, as
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quais exercem grande influéncia em reacGes bioquimicas no hospedeiro (TAMBEKAR,;
BHUTADA, 2010; NICCOLI et al., 2014; KRISTENSEN et al., 2016). Além disso, quando a
microbiota intestinal se encontra em equilibrio, impede que microrganismos potencialmente
patogénicos exercam seus efeitos, mas por outro lado, estando em desequilibrio, pode resultar
no estimulo a proliferacdo desses patogenos (DRAGO et al., 2012; QUIGLEY, 2017).

Também é importante ressaltar que os efeitos sobre a promocéo da saude sdo linhagem-
dependente e que ndo existe uma unica cepa probidtica capaz de fornecer todos os beneficios
mencionados acima (SHAH, 2007; AURELI et al., 2011). Sabe-se, ainda, que alguns
microrganismos ou extratos de microrganismos inativados antes do consumo também podem
ser benéficos para a salde, mas atualmente estes materiais sdo desqualificados para o grupo
de probiéticos (FAO/WHO, 2006; TULUMOGLU et al., 2014; BRASIL, 2016).

Além disso, para garantir um efeito consistente, os probioticos devem ser utilizados em
condigdes adequadas, incluindo dose e tempo de utilizacdo, mas esses dados ainda néo estdo
bem definidos (SAAD et al., 2013). No Brasil, a legislacdo atual estabelece que a quantidade
minima viavel de cultura probiética deve ser entre 108 e 10° UFC por g ou mL e que a
populacdo deve ser indicada no rétulo do produto (BRASIL, 2016). Alguns autores sugerem
ainda que a dose minima para assegurar o efeito terapéutico esta entre 10° e 10° UFC por
porcdo didria (VASILIJEVIC; SHAH, 2008). Populagdes de 10° a 10’ UFC por g ou mL
também foram estabelecidas como capazes de exercer efeitos beneficios a saude (LAHTINEN
etal., 2010; KORBEKANDI; MORTAZAVIAN; IRAVANI, 2011; GEBARA et al., 2015).

As informacGes disponiveis sobre a concentracdo de microrganismos probidticos
necessarios para efeitos bioldgicos leva a conclusdo de que ela poderéa variar em funcéo do
efeito de salde desejado (CHAMPAGNE; GARDNER; ROY, 2005). Também foi afirmado
que os produtos probidticos devem ser consumidos continuamente para obter um impacto
significativo na salde com uma quantidade aproximada de 100 g/dia do alimento carreador,
com a finalidade de se alcancar a populagdo de 10° UFC/mL de células vidveis no intestino
(KARIMI; MORTAZAVIAN; CRUZ, 2011; SANDERS, 2011).

Devido a essas questdes, a legislacdo brasileira permite valores abaixo da populacdo
minima requerida de probidticos, desde que se comprove a eficacia do microrganismo no
produto e na concentracdo inferior (BRASIL, 2016). Autores relatam que a eficacia dos
probidticos é influenciada pela sua viabilidade no produto de origem, pelo armazenamento
desse produto sob temperaturas adequadas de refrigeracdo e pela acdo dos fluidos bioldgicos
associados a digestdio (CHAN; ZHANG 2005, CRUZ et al., 2009a; KARIMI;
MORTAZAVIAN; CRUZ, 2011).
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Desse modo, tem crescido o interesse na pesquisa e selecdo de linhagens de bactérias
laticas como probidticas que possam ser utilizadas para manter a homeostase do trato
gastrointestinal, prevenir e combater infeccGes bacterianas e como alternativa a formulacdes
farmacéuticas (COSTA; ROSA, 2010; DOMINGOS-LOPES et al., 2017).

2.2 PROPRIEDADES PROBIOTICAS DE BACTERIAS LATICAS

A selecdo de cepas probidticas tem se baseado na seguranca oferecida para o hospedeiro
e na funcionalidade exercida ap6s sua ingestdo (SAARELA et al. 2000; FAO/WHO,
2006; TRIPATHI; GIRI, 2014; BRASIL, 2016). Essas culturas estdo localizadas em
diferentes regiGes do trato gastrointestinal e modulam a microbiota nesses espacos,
principalmente, devido aos seus produtos de metabolismo (MENEZES; DURRANT, 2008;
FRITZEN-FREIRE et al., 2013; OZYURT; OTLES, 2014).

Embora um numero razoavel de cepas probidticas ja esteja bem caracterizado, bactérias
laticas tém sido isoladas de uma diversidade de ambientes, lacteos e nédo lacteos, a fim de
buscar novas linhagens com potencial probidtico (KUMAR; KUMAR, 2015; SHEHATA et
al., 2016). Assim, nos ultimos anos, foram estudados isolados de bactérias laticas oriundos de
leite (PERIN et al, 2014; ANANDHARAJ; SIVASANKARI, 2014; MARROKI;
BOUSMAHA-MARROKI, 2014; SINGH et al.,, 2014; BAUR et al., 2015; ALMEIDA
JUNIOR et al., 2015), queijos (COSTA et al., 2013b; SOLIERI et al., 2014; TULUMOGLU;
KAYA; SIMSEK, 2014; LEITE et al., 2015; SANTOS et al., 2015; DOMINGOS-LOPES et
al., 2017), cereais (OGUNTOYINBO; NARBAD, 2015; MANINI et al., 2016; SALVUCCI;
LEBLANC; PEREZ, 2016), vegetais (JI et al., 2013; ANANDHARAJ et al., 2015; CHOI;
CHANG, 2015; LEE et al., 2016; KHAN; KANG, 2016; SADE; LASSILA; BJORKROTH,
2016), pao (DEMIRBAS et al., 2017), azeitonas (ARGYRI et al., 2013; BAUTISTA-
GALLEGO et al., 2013), bebidas (GARCIA-RUIZ et al., 2014; SAGDIC et al., 2014;
ANGMO et al.,, 2016), especiarias (SADE; LASSILA; BJORKROTH, 2016), salsichas
(LANDETA et al., 2013), trato gastrointestinal humano (TULUMOGLU et al., 2013; REN et
al., 2014; PANICKER; BEHARE, 2014), amostras marinhas (DAS, KHOWALA, BISWAS,
2016) e superficies (OUALI et al., 2014).

Alguns estudos também demonstram que diferentes cepas de bactérias laticas tém sido
isoladas de frutas (DI CAGNO et al, 2010; VITALI et al., 2012; NAEEM et al., 2012; DIAS
et al., 2014; ILHA et al., 2015; GARCIA et al., 2016). As frutas e seus derivados séo, em
geral, alimentos acidos. A elevada acidez é considerada o principal fator de influéncia para
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selecionar a microflora predominante de frutas, pois restringe a microbiota deteriorante e,
principalmente, os microrganismos patogénicos que, em sua maioria, sdo incapazes de
sobreviver em tais condi¢des (SHEEHAN; ROSS; FITZGERALD, 2007; NAEEM et al.,
2012).

A biodiversidade microbiana das frutas depende de fatores ambientais, como umidade,
temperatura, populagdo do solo, mas também das propriedades fisico-quimicas de cada
espeécie de fruta (THOMAS; SOLY, 2009). As frutas sdo consideradas carreadoras ditas ideais
para culturas probidticas em virtude de apresentarem nutrientes benéficos para a saude do
hospedeiro, como vitaminas, minerais, fibras dietéticas e antioxidantes (DING; SHAH, 2008).
Além disso, os agucares e &cidos organicos presentes naturalmente nas frutas podem atuar
como substrato para o desenvolvimento desses microrganismos (MOUSAVI et al., 2011).

Os sucos de frutas naturais contém ingredientes eliminadores de oxigénio como acido
ascorbico, promovendo assim condi¢BGes anaerdbicas essenciais para otimizar o crescimento
de bactérias laticas (COSTA et al., 2013a) e ndo contém culturas starter que concorram com
0s probidticos por nutrientes (DING; SHAH, 2008; SOHAIL et al., 2012).

Um ponto a ser considerado ainda, além da composicdo quimica dos alimentos, consiste
na sua estrutura fisica, as quais sdo importantes na capacidade de manutencdo da viabilidade
do probidtico que estdo a suportar (RANADHEERA; BAINES; ADAMS, 2010). Frutas sdo
compostos, principalmente, por celulose, que ndo € digerido pelo sistema gastrointestinal, e
podem atuar como barreira protetora para muitas bactérias probidticas durante a digestdo
(ROBLE et al., 2010; ALEGRE et al., 2011). As caracteristicas intrinsecas da superficie da
planta, devido a presenca de sucos e compostos prebidticos naturais (tais como
oligossacarideos), também protegem os microrganismos probidticos a partir do ambiente
acido do estbmago e sdao uma fonte de nutrientes, o que influencia positivamente a
sobrevivéncia bacteriana nessas condi¢cbes (RANADHEERA; BAINES; ADAMS, 2010).

Apo0s o isolamento, alguns requisitos minimos sdo necessarios para que uma cepa seja
considerada probidtica, como determinacdo dos padrfes de resisténcia a uma variedade de
antibidticos, avaliacdo de certas atividades metabdlicas, avaliacdo de efeitos secundarios
durante estudos envolvendo seres humanos, vigilancia epidemioldgica de incidentes adversos
em consumidores (pos-comercializacdo) e se a cepa avaliada pertence a uma especie com
potencial hemolitico conhecido (FAO/WHO, 2006; BRASIL, 2016). Apesar de algumas
espécies de bactérias laticas ja serem classificadas como GRAS, torna-se importante avaliar a
seguranga dos microrganismos destinados ao uso quando incorporados em alimentos (DAS;
KHOWALA; BISWAS, 2016).
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Devido, principalmente, ao uso extensivo nos ultimos anos de antibioticos em humanos
e animais, estudos mostram uma incidéncia generalizada de resisténcia a antibioticos
adquirida por isolados de bactérias laticas (MONTEAGUDO-MERA et al.,, 2012;
PESAVENTO et al., 2014, SHARMA et al. 2016). Esse fato é preocupante devido ao risco
desses microrganismos transferirem 0s genes resistentes para outras bactérias, incluindo as
patogénicas, que consequentemente ndo poderdo ser eficientemente tratadas com o0s
antibidticos que eram anteriormente eficazes (ADIMPONG et al., 2012; ZHANG et al.,
2013). Porém, a resisténcia intrinseca a certos antibioticos pode ser considerada desejavel
para esse grupo de bactérias, uma vez que poderdo desempenhar um papel probidtico no trato
gastrointestinal humano durante a terapia com antibiéticos (SHARMA et al., 2016).

A atividade hemolitica também deve ser ausente em cepas de bactérias laticas, pois a
hemolise consiste no rompimento da membrana plasmatica da hemacia, resultando na
diminuicdo da circulacdo dessas células, o que provocard uma reducdo da oxigenacdo dos
tecidos (KAUSHANSKY et al, 2010). Dessa forma, com a destruicdo da hemacia, ocorre a
liberacdo da hemoglobina no plasma, o0 que causa anemia e edema no hospedeiro, sendo a B-
hemolise a forma mais preocupante por romper totalmente a hemécia, seguida da a-hemolise
que causa perda parcial da hemoglobina (VESTERLUND et al., 2007; GIRAFFA, 2012).

Para que sejam consideradas seguras, ainda € importante avaliar as cepas
potencialmente probidticas quanto a sua atividade de degradacdo da mucina. A producdo de
enzimas degradantes da mucina tem sido sugerida como um determinante de viruléncia para
alguns enteropatdgenos, e é considerada uma caracteristica ndo desejavel para o0s probidticos,
uma vez que pode favorecer a alteracdo da barreira da mucosa intestinal (ZHOU et al., 2001;
MONTEAGUDO-MERA et al., 2012).

Os aspectos de funcionalidade das cepas probioticas estdo relacionados ao papel
otimizador que irdo desempenhar no trato gastrointestinal humano apds sua ingestdo
(SAARELA et al., 2000; FAO/WHO, 2006). Este processo comega na boca, continua no
estdbmago, intestino delgado, e é finalizado no cdlon, tanto pelas substancias absorvidas,
quanto pela acdo da microbiota desenvolvida nestes ambientes (GUERRA et al., 2012).

Embora ndo haja marcadores fenotipicos eficazes que possuam as caracteristicas de
funcionalidade dos probioticos, as cepas promissoras devem ser habitantes naturais do trato
gastrointestinal, sobreviver a passagem pelo estbmago e manter a viabilidade e atividade no
intestino (LEBEER; VANDERLEYDEN; KEERSMAECKER, 2010; COOK et al., 2012;
ZHANG et al., 2014).
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A acidez géastrica é considerada o principal mecanismo de defesa contra
microrganismos, pois estes precisam suportar o efeito de cerca de 2,5 L de suco géstrico
secretados diariamente no trato digestivo humano (ARGYRI et al., 2013). Assim, a resisténcia
a passagem gastrica é uma propriedade ndo comum entre as bactérias laticas, embora algumas
cepas demonstrem tolerancia a pH baixo (COTTER; HILL; ROSS, 2005; WU et al., 2012).

Os sais biliares secretados no intestino delgado também representam um desafio para a
sobrevivéncia bacteriana (SHEHATA et al., 2016). Além de sobreviver, algumas cepas
probidticas possuem a capacidade para desconjugar os sais biliares. Essa capacidade ja foi
considerada indesejavel para os probioticos (SAARELA et al., 2000), mas atualmente tem
mostrado contribuir para a reducdo dos niveis séricos de colesterol no hospedeiro (WANG et
al., 2012; MIREMADI et al., 2014; CHOI; CHANG, 2015). De fato, algumas cepas de
bactérias laticas segregam a enzima hidrolase de sal biliar, que hidrolisa os acidos biliares
conjugados para liberar &cidos biliares desconjugados e aminoacidos (FRANZ et al., 2011).
Como os acidos biliares resultantes sdo menos sollveis que a respectiva forma conjugada, a
sua absorcdo intestinal € menor, aumentando a sua excrecdo nas fezes e a sintese de novos
sais biliares, o que requer colesterol (OOI; LIONG, 2010).

A adesdo ao trato gastrointestinal é determinante para a colonizacdo e um tempo de
permanéncia prolongado no hospedeiro, sendo considerado um dos principais critérios de
selecdo para potenciais probidticos (KAUSHIK et al., 2009). A natureza hidrofébica da
superficie celular estd relacionada a capacidade do microrganismo de aderir as células
epiteliais intestinais, embora ndo seja um pré-requisito para uma forte aderéncia, uma vez que
0 processo de adesdo microbiana ao tecido do hospedeiro possivelmente envolve varios
mecanismos (KHAN; KANG, 2016; ANGMO et al., 2016).

Estudos relatam que a hidrofobicidade e a capacidade de agregacdo podem estar
correlacionadas as propriedades de aderéncia celular (COLLADO; MERILUOTO;
SALMINEN, 2008, JANKOVIC et al., 2012). A agregacdo entre células bacterianas também
é considerada um fator importante na adesdo e na formacdo do seu biofilme, pois facilita a
colonizacdo transitoria contribuindo para a persisténcia de microrganismos benéficos na
mucosa do sistema digestivo e, consequentemente, para estabelecer os efeitos sobre a satde
(SANTOS et al., 2015).

Além disso, a coagregacédo exercida por bactérias laticas, particularmente Lactobacillus,
pode ser considerada uma caracteristica positiva, uma vez que pode promover efeitos
antagonistas contra patégenos, como Listeria monocytogenes, Esherichia coli, Salmonella

Enteritidis, Salmonella Typhimurium e Staphyococcus aureus (TUO et al., 2013; ANGMO et
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al., 2016). Esses efeitos antagonistas podem ser alcancados utilizando varios mecanismos que
envolvem a produgdo de compostos antimicrobianos, como acidos organicos (acido latico,
acido acético, acido propidnico), peroxido de hidrogénio e bacteriocinas; bem como, pela
competicdo por sitios de ligacdo na mucosa intestinal (TAMBEKAR et al., 2009; DOBSON
etal., 2012; SCHIRRU et al., 2012).

Desse modo, através das propriedades de adesdo, formacdo de barreira por
autoagregacao ou pela acéo direta contra patdgenos por meio de coagregacao, bactérias laticas
atuam na prevencdo da colonizacdo intestinal de patogenos, agindo assim de forma benéfica
no hospedeiro (TODOROV et al., 2008; VIJAYAKUMAR et al., 2015).

2.3 PROPRIEDADES TECNOLOGICAS DE BACTERIAS LATICAS

A triagem de novas cepas de bactérias laticas com potencial probidtico é interessante
para diversos setores, como a industria de alimentos, farmacéutica e veterinaria (AYENI et
al., 2011; ILHA et al., 2015; SALVUCCI et al., 2016). Embora uma cepa bacteriana cumpra
com os critérios de seguranca e funcionalidade necessarios, aspectos relacionados a producao
e ao processamento de alimentos probi6ticos também sdo de grande importancia (MAKINEN
et al., 2012; DOMINGOS-LOPES et al., 2017). As caracteristicas tecnoldgicas encontradas
nas cepas potencialmente probiéticas se baseiam na capacidade de sobreviverem durante a
producdo e armazenamento dos produtos e de oferecerem propriedades nutricionais, fisico-
quimicas e sensoriais diferenciadas ao produto final (SALVUCCI; LEBLANC; PEREZ,
2016; CORBO et al., 2017).

A aplicacdo de culturas probitticas em diferentes matrizes alimentares representa um
grande desafio para a manutencdo da viabilidade desses microrganismos, pois a matriz
utilizada pode influenciar largamente as propriedades funcionais das cepas probidticas se
estas ndo possuirem propriedades tecnolégicas adequadas (RANADHEERA; BAINES;
ADAMS, 2010; SHORI, 2016). Por isso, os probidticos utilizados na industria devem ser
apropriados para cada tipo de produto, gerando grande empenho tecnoldgico para minimizar a
perda de viabilidade ocasionadas pelas lesdes celulares induzidas pelo calor, mecanica ou
osmotica, além da sensibilidade a exposicdo de oxigénio e pH acido (FU; CHEN, 2011;
BUSTOS; BORQUEZ, 2013).

Torna-se importante considerar também que diferentes espécies bacterianas apresentam
padrdes distintos de comportamento e atividades sob condi¢des industriais (BURNS et al.,

2012). Embora os produtos probidticos possam ser comercializados na forma de cépsulas,
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sachés, pos, tabletes, suspensdes liquidas e secas, hd uma melhor adequacdo em ingerir
probioticos quando incorporados em alimentos do que por meio do consumo de formulas
farmacéuticas orais, devido a sua baixa ou falta de viabilidade demonstrada ap6s a ingestdo
(WEICHSELBAUM, 2009; CAILLARD; LAPOINTE, 2017).

Atualmente, a busca por produtos que melhor se adequem como carreadores de
probioticos tem sido dividida entre produtos lacteos e ndo lacteos (BAKR, 2015; SHORI,
2016). Assim, as matrizes lacteas que tém sido mais testadas e tém apresentado os melhores
resultados como veiculos de probioticos sdo os leites fermentados (HAMET; PIERMARIA,;
ABRAHAM, 2015; DIMITRELLOU et al., 2016; ORTIZ-RIVERA et al., 2017), iogurtes
(ESPIRITO-SANTO et al., 2010, RANADHEERA et al., 2012; ESPIRITO-SANTO et al.,
2012; BEZERRA et al., 2015), leite (DUARTE et al., 2016; OLIVEIRA et al., 2017), queijos
(OLIVEIRA et al., 2014; GANESAN et al., 2014; BEZERRA et al., 2017), sorvetes (CRUZ
et al., 2009b; RANADHEERA et al., 2012; LEANDRO et al., 2013; SILVA et al., 2015;
CRUXEN et al., 2017) e sobremesas (ARAGON-ALEGRO et al., 2007; BURITI,
KOMATSU; SAAD, 2007).

Quanto as matrizes ndo lacteas estudadas como potenciais veiculos para bactérias laticas
probioticas, pode-se citar: frutas (ROBLE et al., 2010; ALEGRE et al., 2011;
NOORBAKHSH; YAGHMAEE; DURANCE, 2013; RUSSO et al., 2015), sucos de frutas
(SHEEHAN; ROSS; FITZGERALD, 2007; CHAMPAGNE; GARDNER, 2008; MOUSAVI
et al., 2010; NUALKAEKUL; CHARALAMPOPOQULOS, 2011; PEREIRA; MACIEL;
RODRIGUES, 2011; ANEKELLA; ORSAT, 2013; PIMENTEL et al, 2015;
NEMATOLLAHI et al.,, 2016), sucos de vegetais (YOON; WOODAMS; HANG 2006;
KLEWICKA; ZDUNCZYK; JUSKIEWICZ, 2009; NICOLESCO; BURULEANU, 2010),
chocolate (POSSEMIERS et al. 2010), cereais (CHEN; MUSTAPHA, 2012; BASTOS;
PAULO; CHIARADIA, 2014; SALMERON, THOMAS, PANDIELLA, 2015; PEYER;
ZANNINI; ARENDT, 2016), produtos carneos (MUTHUKUMARASAMY; HOLLEY, 2007;
KHAN et al, 2011; RUIZ-MOYANO et al, 2011; ARIHARA 2014), e péo
(ALTAMIRANO-FORTOUL et al., 2012).

Com isso, varias caracteristicas tecnoldgicas devem ser consideradas na selecdo de
probidticos que serdo utilizados como aditivos alimentares, como atividade proteolitica e
lipolitica, tolerancia a determinadas concentracdes de NaCl, producdo de exopolissacarideos
(EPS) e diacetil, as quais irdo influenciar diretamente nas propriedades sensoriais do produto,
na viabilidade celular durante o processamento e na estabilidade durante o armazenamento
(SAARELA et al., 2000; SALVUCCI; LEBLANC; PEREZ, 2016).
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A atividade proteolitica e lipolitica de bactérias laticas é importante para determinar
potenciais impactos nas propriedades dos alimentos que serdo produzidos e na qualidade do
produto final (PIRAINO et al., 2008; ZDOLEC et al., 2013). A protedlise desempenha um
papel importante na geracdo de peptideos e aminoacidos para o crescimento bacteriano e na
formacdo de metabdlitos que contribuem para a elaboracdo do sabor em produtos fermentados
(BELGACEM et al., 2010). Por outro lado, o baixo nivel de lipolise desses microrganismos é
importante para a producdo de alimentos, uma vez que uma concentracdo equilibrada de
acidos graxos livres e produtos de protedlise tem importante contributo para o
desenvolvimento de flavor em alimentos (PAPANIKOLAQOU et al., 2012).

Vaérios alimentos contém sal (NaCl) como um potenciador do sabor ou como um agente
de conservacdo, mas a sua presenca em alimentos probidticos pode ocasionar estresse
osmotico, o qual vem a comprometer a viabilidade celular das culturas, tornando-se muitas
vezes o0 principal fator inibidor do crescimento bacteriano e da fermentacdo no produto (GE et
al., 2011; GREGORET et al., 2013). Para tolerar NaCl, alguns mecanismos desenvolvidos por
bactérias laticas sdo descritos como, por exemplo, a captacdo ou sintese de nimero limitado
de solutos (BREMER; KRAMER, 2000). Os fatores que influenciam essa propriedade devem
ser considerados, entretanto a diversidade de comportamento entre as cepas ainda é pouco
explorada (WU et al., 2012; REALE et al.,, 2015). Assim, torna-se desejavel que 0s
microrganismos probidticos possam suportar as concentracbes de NaCl utilizadas na
formulacdo dos alimentos em que estdo inseridos (ILHA et al., 2015).

Dentre as diversas moléculas produzidas por microrganismos com aplicacdes
biotecnoldgicas, os EPS sdo particularmente interessantes por apresentarem uma variedade de
aplicac@es industriais (MAHAPATRA; BANERJEE, 2013). Os EPS produzidos por bactérias
laticas contribuem para a textura, aparéncia e paladar, além de melhorarem a estabilidade e
propriedades reoldgicas de varios produtos lacteos (BADEL; BERNARDI; MICHAUD,
2011). Ainda, tem sido relatado que EPS podem possuir propriedades benéficas a saude, tais
como atividade antitumoral e imunomoduladora, reducdo do colesterol e prevencdo ao
aparecimento de Ulceras (GROSU-TUDOR et al., 2013; PATTEN et al., 2014; JOSHI;
KOIJAM, 2014).

Devido as suas propriedades tecnoldgicas, diversas cepas probidticas se destacam por
melhorarem atributos sensoriais no alimento, especialmente aroma e sabor (DOMINGOS-
LOPES et al., 2017). Contudo, algumas cepas podem afetar negativamente as propriedades
sensoriais dos produtos quando utilizadas sob condiges consideradas inadequadas

(ANTUNES et al.,, 2013). A fermentacdo pode contribuir para a qualidade sensorial,
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seguranca e funcionalidade dos produtos alimenticios, além de ser amplamente aceita como
um meio tradicional de preservagédo de alimentos (BOURDICHON et al., 2011).

Produtos do metabolismo das bactérias laticas também sdo tecnologicamente
interessantes no desenvolvimento de propriedades sensoriais particulares, como a producéo de
diacetil, uma vez que este composto tem importante papel no desenvolvimento de flavor de
variados produtos (MAYO et al., 2010; PATEL; PRAJAPATI, 2013). Estudos demonstram
que isolados de bactérias laticas, inclusive pertencentes ao mesmo género, apresentam
variacdo na producdo de diacetil, havendo microrganismos de uma mesma populacdo que
contribuem mais do que outros para a formacao do flavor (FRANCIOSI et al., 2009).

Dessa forma, a sobrevivéncia de culturas probidticas em produtos alimentares depende
das propriedades tecnoldgicas da cepa utilizada e dos parametros fisico-quimicos do produto
(COSTA et al., 2017). As propriedades tecnoldgicas de bactérias laticas tém contribuido na
qualidade e estabilidade de produtos alimentares, sendo assim, relevantes para o padréo geral
e aceitacdo do produto final e para aumentar o espectro de aplicacdes biotecnoldgicas destes
microrganismos (SALVUCCI; LEBLANC; PEREZ, 2016).



24

3 MATERIAIS E METODOS

3.1 SELECAO DAS CEPAS

Neste estudo foram utilizadas cepas de Lactobacillus isoladas de subprodutos do
processamento de frutas, pertencentes ao banco de cepas do Laboratorio de Microbiologia e
Bioquimica de Alimentos da Universidade Federal da Paraiba. Desse modo, foram
selecionadas 09 cepas previamente identificadas (Quadro 1) através do sequenciamento de
genes 16S rRNA e pelo perfil MALDI-TOF (GARCIA et al., 2016), as quais foram mantidas
sob -20 °C em caldo de Man, Rogosa e Sharpe (MRS; HiMedia, Mumbai, india) contendo
glicerol (20%, v/v). Antes do uso nos ensaios, cada cepa de Lactobacillus foi cultivada (1%,
v/v) anaerobicamente (Anaerobic System Anaerogen, Oxoid) em caldo MRS a 37 °C por 20 —
24 horas (fase estacionaria de crescimento). Estas culturas atingiram contagens de células

viaveis de 7 — 8 log UFC/mL quando inoculadas em &gar MRS.

Quadro 1. Identificacdo das cepas de Lactobacillus utilizadas nos experimentos.

CEPA FONTE
L. plantarum 53 Subproduto de acerola
L. fermentum 56 Subproduto de acerola
L. fermentum 60 Subproduto de acerola
L. paracasei 106 Subproduto de graviola
L. fermentum 139 Subproduto de manga
L. fermentum 141 Subproduto de manga
L. fermentum 250 Subproduto de abacaxi
L. fermentum 263 Subproduto de abacaxi
L. fermentum 296 Subproduto de morango

3.2 PROPRIEDADES DE SEGURANCA

3.2.1 Susceptibilidade a antibidticos
Os testes de resisténcia a antibidticos foram realizados determinando-se a concentragdo
inibitéria minima (CIM) através do procedimento de micro diluicdo em caldo (GARCIA et

al., 2016). Para isso, aproximadamente 100 pL de caldo MRS foram distribuidos em pocos de
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uma microplaca inoculados com 50 pL da cultura de cada cepa de Lactobacillus e, em
seguida, suplementados com 50 pL de cada solucdo de antibidtico, sendo cloranfenicol,
gentamicina, canamicina, eritromicina, tetraciclina (Sigma-Aldrich, Saint Louis, EUA),
preparados com concentracdes finais de 2, 4, 8, 16, 32, 64, 128, 256, 512 ¢ 1024 ug/mL, e
ampicilina e clindamicina (Sigma-Aldrich, Saint Louis, EUA) em concentrag0es finais de
0.125,0.5, 1, 2, 4, 8, 16, 32 ¢ 64 pg/mL. Cada microplaca incluiu uma amostra inoculada sem
antibiotico, uma amostra inoculada com antibiético e uma amostra ndo inoculada como
controle. Apos a montagem das microplacas e passados 48 horas de incubacdo anaerdbica
(Anaerobic System Anaerogen, Oxoid, Hampshire, UK) a 37 °C, o crescimento bacteriano
visivel foi observado, e a CIM de cada antibi6tico foi confirmada como sendo a mais baixa
concentracdo capaz de inibir o crescimento bacteriano visivel. Os valores limites
estabelecidos pela EFSA (2012) foram considerados para categorizar as cepas de
Lactobacillus como sensiveis, se a CIM de um determinado antibi6tico foi igual ou menor
que os valores limites estabelecidos, ou resistentes, se a CIM foi maior do que os valores
limites estabelecidos (EFSA, 2012).

3.2.2 Atividade hemolitica

Inicialmente, aliquotas de 10 uL das culturas de cada cepa de Lactobacillus foram
transferidas para placas contendo &gar Sangue previamente preparadas utilizando &gar
Mueller Hinton (HiMedia, Mumbai, india) com 5% (v/v) de sangue humano fresco, o qual foi
adicionado ao agar quando este atingiu a temperatura de 45 °C sob rigorosa agitacdo para
evitar solidificacdo. Posteriormente, as placas foram incubadas por 48 horas a 30 °C em
anaerobiose (Anaerobic System Anaerogen, Oxoid, Hampshire, UK). Apds o periodo de
incubacéo, as placas foram examinadas quanto aos sinais de B-hemolise (zonas claras ao redor
das colo6nias), a-hemolise (zonas esverdeadas ao redor das colbnias) ou y-hemolise (sem
reacao ao redor das colonias) (ARGYRI et al., 2013).

3.2.3 Degradacao da mucina

A capacidade das cepas para degradar a mucina gastrica foi avaliada utilizando-se
mucina gastrica de porco tipo Il parcialmente purificada (Sigma-Aldrich, Saint Louis, EUA).
Para isso, 0.5% (p/v) de mucina foi adicionada a 1.2% (p/v) de agar bacterioldgico (HiMedia,
Mumbai, india) na presenca ou auséncia de 3% (p/v) de glicose (Sigma-Aldrich, Saint Louis,
EUA). Entdo, aliquotas de 10 uL foram inoculadas na superficie do agar com o uso da técnica

de micro gota. As placas foram incubadas anaerobicamente (Anaerobic System Anaerogen,
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Oxoid, Hampshire, UK) a 37 °C durante 72 horas. Apds o periodo de incubacéo, as placas
foram coradas por 30 minutos com solucdo de amido negro [0.1% (p/v), Sigma-Aldrich, Saint
Louis, EUA) diluido em &cido acético a 3.5 M. Em seguida, as placas foram lavadas com
acido acético a 1.2 M e a formacdo de um halo descolorido em torno do crescimento foi
considerado positivo para a capacidade das cepas de degradar mucina (ZHOU; GOPAL,
HILL, 2001; MONTEAGUDO-MERA et al., 2012).

3.3 PROPRIEDADES DE FUNCIONALIDADES FISIOLOGICAS

3.3.1 Tolerancia a diferentes valores de pH

Para o desenvolvimento do teste, 1 mL das culturas de cada cepa de Lactobacillus foi
inoculado em 10 mL de solu¢do tampéo fosfato (STF; 50 mM KoHPO4/KH2PO4) esterilizada.
O ajuste do pH foi feito com acido cloridrico a 1 M para 2, 3 ou 5 com posterior incubacéao
anaerdbica (Anaerobic System Anaerogen, Oxoid, Hampshire, UK) sob agitacdo de 150 rpm
em incubadora com agitacdo orbital (TECNAL TE-424, S&o Paulo, Brasil) a 37 °C por 48
horas. Em diferentes periodos de incubacéo (1, 2 e 3 horas), uma aliquota de 1 mL foi tomada
da suspensdo, diluida de forma seriada em 0.15% (p/v) de &gua de peptona esterilizada e
inoculada em agar MRS para enumeracao da viabilidade celular. Ap6s o periodo de incubagédo
de 48 horas a 37 °C em anaerobiose, a contagem de células viaveis foi realizada e os
resultados expressos em log de unidade formadora de col6nia por mL (log UFC/mL). Como
controle, as cepas de Lactobacillus foram cultivadas em STF com pH 7.2 ajustado usando
NaOH a1 M (JACOBSEN et al., 1999; MONTEAGUDO-MERA et al., 2012).

3.3.2 Tolerancia a diferentes concentrac6es de sais biliares

Inicialmente, uma aliquota de 1 mL das culturas de cada cepa de Lactobacillus foi
inoculada em 10 mL de STF (50 mM K2HPO4/KH2PO4) com concentragdes de 0% (controle),
0.15%, 0.3% e 1% (p/v) de sais biliares (Sigma-Aldrich, Saint Louis, EUA). As suspensdes
foram incubadas a 37 °C por 48 horas anaerobicamente (Anaerobic System Anaerogen,
Oxoid, Hampshire, UK) sob agitacdo de 150 rpm em incubadora com agitacdo orbital
(TECNAL TE-424, Sao Paulo, Brasil). Em diferentes periodos de incubacdo (1, 2 e 3 horas),
uma aliquota de 1 mL foi removida de cada suspensdo, diluida de forma seriada em 0.15%
(p/v) de agua de peptona esterilizada e inoculada em agar MRS para enumeracdo da

viabilidade celular. Apés o periodo de incubacdo de 48 horas a 37 °C em anaerobiose, a
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contagem de células viaveis foi realizada e os resultados foram expressos em log UFC/mL
(JACOBSEN et al., 1999; MONTEAGUDO-MERA et al., 2012).

3.3.3 Desconjugacao de sais biliares

Para avaliar a habilidade das cepas em desconjugar sais biliares, aliquotas de 10 uL das
culturas de cada cepa de Lactobacillus foram transferidas para placas contendo agar MRS
preparadas previamente com 0.5% (p/v) de sais de sédio do acido taurocolico ou sais de sédio
do acido glicocdlico (Sigma-Aldrich, Saint Louis, EUA), os quais foram incorporados ao agar
apos a etapa de autoclavagem (121 °C por 15 min, 1 atm). Apos a incubagdo em anaerobiose
(Anaerobic System Anaerogen, Oxoid, Hampshire, UK) a 37 °C por 48 horas, a presenca de
um halo opaco ao redor das col6nias foi considerado positivo para desconjugacdo de sais
biliares (SANTOS et al., 2014).

3.3.4 Hidrofobicidade da superficie celular

A hidrofobicidade da superficie celular bacteriana foi avaliada utilizando o
procedimento descrito por Santos et al. (2015). Para isso, culturas de cada cepa de
Lactobacillus foram centrifugadas (7,000 g x 5 min, 4 °C), lavadas duas vezes com STF (50
mM KoHPO4/KH2PO4; pH 6.5) e ressuspensas em STF para alcance de valor de ODsgonm de
1.0 de absorbancia (Ao). O solvente organico N-hexadecano (Sigma-Aldrich, Saint Louis,
EUA) foi adicionado a suspensdo de células na proporcdo de 1:5 e a mistura foi
homogeneizada por 2 min utilizando vortex. A ODsgonm foi mensurada novamente (A) apds 1
hora de incubacdo a 37 °C sob aerobiose. A hidrofobicidade da superficie celular foi
calculada de acordo com a equacdo: % Hidrofobicidade = [(Ao—A)/Ag] x100, onde Ao refere-
se aos valores de absorbancia inicial e A refere-se aos valores de absorbancia apds 1 hora de

incubacéo.

3.3.5 Autoagregacéo e coagregacao com L. monocytogenes e E. coli

Para avaliar a capacidade de autoagregacdo, as células de cada cepa de Lactobacillus
foram centrifugadas (7,000 g x 10 min, 20 °C), lavadas em solucdo salina (NaCl 0.85%, p/v)
esterilizada, ressuspensas e diluidas também em solucéo salina para obter uma ODggonm de 0.3
(absorbancia). Em seguida, a suspensdo foi incubada a 37 °C por 60 minutos e a ODesgonm
registrada novamente. A autoagregacdo foi determinada usando a seguinte equacgdo: %
Autoagregacao = [(OD¢—ODeg0)/ODg] % 100, onde ODg refere-se a OD inicial e ODeg refere-se
a OD determinada ap6s 60 minutos (TODOROQV et al., 2008).
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A avaliagdo da coagregacdo entre cepas de Lactobacillus com L. monocytogenes
(INCQS 00266, origem ATCC 7644) e E. coli (INCQS 00219, origem 8739) foi realizada
inicialmente por meio da inoculacdo (1% v/v) em caldo MRS e caldo Brain Heart Infusion
(BHI; HiMedia, Mumbai, India), respectivamente, e incubadas por 24 horas a 37 °C. Em
seguida, as culturas foram centrifugadas (7,000 g x 10 min, 20 °C), lavadas em solucdo salina
(NaCl 0.85%, p/v) esterilizada, ressuspensas e diluidas também em solucéo salina para cada
suspensdo alcancar uma ODegsonm de 0.3. Posteriormente, 750 puL da suspensdo de cada cepa
de Lactobacillus foram misturados com 750 pL da suspensdo de L. monocytogenes ou E. coli
por 30 segundos em vortex, e a ODgsonm f0i registrada (ODo). Apos a incubacdo por 60
minutos a 37 °C sob aerobiose, a ODgsonm foi registrada novamente (ODgp). A coagregacao foi
calculada usando a seguinte equacdo: % Coagregacdo = [(OD¢—ODego)/ODg] x 100. ODg
refere-se a OD inicial, mensurada imediatamente apds a mistura das cepas, e ODeo refere-se a
OD determinada apds os 60 minutos de incubacdo (TODOROV et al., 2008).

3.3.6 Atividade antagonista frente a patdgenos

As cepas de Lactobacillus foram testadas frente as cepas indicadoras de S. aureus
(INCQS 00015, origem ATCC 25923), Salmonella enterica subsp. Typhimurium (INCQS
00150, origem ATCC 14028), Salmonella enterica subsp. Enteritidis (INCQS 00258, origem
13076), L. monocytogenes (INCQS 00266, origem ATCC 7644) e E. coli (INCQS 00219,
origem 8739) utilizando-se as técnicas de agar spot test e difusdo em poco. Para a realizacdo
dos testes, as cepas de Lactobacillus e bactérias indicadoras foram cultivadas (1%, v/v) em
caldo MRS e caldo BHI, respectivamente, a 37 °C por 24 horas. As células de bactérias
indicadoras foram centrifugadas (7,000 g x 10 min, 4 °C), lavadas em solucdo salina (NaCl
0.85%, p/v) esterilizada, ressuspensas e diluidas também em solucdo salina para a suspensao
alcancar uma ODesonm de 0.3 (contagem de células viaveis entre 7 — 8 log UFC/mL).

Para 0 agar spot test, uma aliquota de 10 pL das culturas com cada cepa de
Lactobacillus foi transferida para superficies de dgar MRS contendo 0.2% (p/v) de glicose
(Sigma-Aldrich, Saint Louis, EUA) e 1.2% (p/v) de agar bacterioldgico (HiMedia, Mumbai,
india) através da técnica de micro gota, seguindo-se por incubacdo anaerobica (Anaerobic
System Anaerogen, Oxoid, Hampshire, UK) por 24 horas a 37 °C. Uma aliquota de 1 mL de
cada suspensdo de bactéria indicadora foi misturada com 18 mL de &gar BHI semissoélido
[contendo 0.7% (p/v) de agar bacterioldgico], e a mistura vertida sobre o &gar MRS inoculado
anteriormente com a cepa de Lactobacillus testada. As placas foram novamente incubadas a

37 °C por 48 horas em aerobiose. A atividade antagonista foi registada como o didmetro (mm)
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de halos de inibicdo de crescimento desenvolvido em torno de cada cultura de cepa spot
(JACOBSEN et al., 1999). Agar MRS n&o inoculado foi utilizado como controle negativo.

Para o método de difusdo em poco, a partir do caldo MRS inoculado com a cepa de
Lactobacillus testada, obteve-se o sobrenadante livre de células por meio de centrifugacéo
(15,000 g x 15 min, 4 °C). Em seguida, uma aliquota de 1 mL de cada suspensdo de bactéria
indicadora foi incorporada em 20 mL de &gar BHI semissolido, e, entdo, 50 pL do
sobrenadante livre de células obtidos da suspensdo da cepa de Lactobacillus foram
distribuidos em pocos (5 mm de diametro e 5 mm de profundidade, perfurados com canulas
de vidro esterilizadas) feitos no 4gar BHI. As placas foram incubadas aerobicamente a 37 °C
por 48 horas. Apos o periodo de incubacéo, a atividade antagonista foi registada como o
diametro (mm) dos halos de inibicdo de crescimento observados em torno de cada pogo. Neste
método, caldo MRS ndo inoculado foi utilizado como controle negativo em substituicdo ao
sobrenadante livre de células (VITALI et al., 2012).

Em ambos os ensaios de agar spot e de difusdo em pogo, uma zona de inibicdo de
crescimento livre com didmetro superior a 1 mm (em torno do local ou do poco) foram
considerados como atividade inibitoria positiva (JACOBSEN et al., 1999). Todas as nove

cepas de Lactobacillus foram testadas para a capacidade de inibir umas as outras.

3.3.7 Exposicéo a condigdes gastrointestinais simuladas

Apbs o crescimento de cada cepa de Lactobacillus, as culturas foram centrifugadas
(7,000 g x 10 min, 4 °C), lavadas em solucdo salina (NaCl 0.85%, p/v) esterelizada,
ressuspensas e diluidas em solucdo salina para a suspensdo alcangar uma ODeg2snm de 0.5
(absorbéncia; contagem inicial de células viaveis entre 6 — 7 log UFC/mL). Entdo, 1 mL da
suspensdo foi incorporado em frascos de vidro contendo 25 mL de caldo MRS, leite integral
UHT (Cemil, Minas Gerais, Brasil ou suco de uva integral (Aurora, Rio Grande do Sul,
Brasil) esterilizado por uso de autoclavagem (121 °C por 15 minutos, 1 atm).

O experimento foi realizado em fases que simularam a mastigacdo e condi¢des no
esdfago-estbmago, duodeno e ileo (Tabela 1). As amostras iniciaram sendo expostas a
condigdes simuladas da boca com o uso de 0.6 mL/min de a-amilase (Sigma-Aldrich, Saint
Louis, EUA), pH ajustado para 6.9 com NaHCOza 1 M e tempo de exposic¢ao de 2 minutos a
200 rpm; do esdfago-estdmago com o uso de 0.05 mL/mL de pepsina (Sigma-Aldrich, Saint
Louis, EUA), pH diminuido gradualmente usando HCl a 1 M (pH 5.5/10 minutos; pH 4.6/10
minutos; pH 3.8/10 minutos; pH 2.8/20 minutos; pH 2.3/20 minutos e pH 2.0/20 minutos) sob

agitacdo de 130 rpm; do duodeno com o uso de 0.25 mL/mL de pancreatina (Sigma-Aldrich,
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Saint Louis, EUA), 0.25 mL/mL de sais biliares bovino (Sigma-Aldrich, Saint Louis, EUA) e
tempo de exposi¢cdo de 30 minutos sob agitagdo de 45 rpm, com pH ajustado para 5.0 com
NaHCOza 1 M; e, por fim, do ileo com tempo de exposicdo de 60 minutos sob agitacdo de 45
rpm e pH ajustado para 6.5 com NaHCOz a 1 M.

Durante todo o teste, as amostras foram mantidas em incubadora com agitagéo orbital
(TECNAL TE-424, S&o Paulo, Brasil) a 37 °C para simular as condi¢Ges de temperatura e
peristaltismo do corpo humano. A simulacédo foi continua, de modo que o volume de trabalho
aumentou gradualmente a partir dos 25 mL da amostra inicial. O preparo das solu¢des com as
enzimas foi realizado assepticamente, utilizando-se 100 U/mL de a-amilase diluida em 1mM
de CaCly, 25 mg/mL de pepsina diluidas em HCl a 0.1 M, 2 g/L de pancreatina diluidas em
NaHCOz a 0.1 M, e 12 g/L de sais biliares diluidos também em NaHCOsz a 0.1 M. Todas as
solucdes foram mantidas sob refrigeracdo durante o periodo da simulacéo.

Apos cada condigdo gastrointestinal simulada, uma aliquota de 100 uL de caldo MRS,
leite e suco de uva foi coletada e diluida seriadamente em solucéo salina (NaCl 0.85%, p/v)
esterilizada. Em seguida, cada diluicdo foi transferida para placas contendo agar MRS através
da técnica de micro gota e incubadas anaerobicamente (Anaerobic System Anaerogen, Oxoid,
Hampshire, UK) a 37 °C por 48 horas. Apds o periodo de incubacdo, a contagem de células
viaveis foi realizada e expressa como log UFC/mL (OLIVEIRA et al., 2014; MEIRA et al.,
2015). Amostras de caldo MRS, leite e suco de uva mantidas a 37 °C sem exposicdo a
condicdes gastrointestinais simuladas foram usadas como controle. A detec¢do limite de 1 log

CFU/mL foi usada nesses ensaios.

Tabela 1. Condicdes de exposicao usadas durante cada fase da digestdo simulada.

Fase Compartimento  Condigao Agitacao pH final Tempo de
(rpm) exposicao (min)

1 Boca Saliva 200 6.9 2

2 Es6fago- Pepsina 130 55 10
3 Estébmago 130 4.6 10
4 130 3.8 10
5 130 2.8 20
6 130 2.3 20
7 130 2.0 20
8 Duodeno Pancreatina + 45 5.0 30

sais biliares
9 lleo 45 6.5 60

Fonte: adaptado de Oliveira et al. (2014).
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3.4 PROPRIEDADES TECNOLOGICAS

3.4.1 Atividade proteolitica

Para avaliacdo da atividade proteolitica, apds o crescimento de cada cepa de
Lactobacillus testada, uma aliquota de 10 pL das culturas foi transferida para placas contendo
plate count agar (PCA; HiMedia, Mumbai, india) suplementado com 10% de leite desnatado
sem lactose (Camponesa, Minas Gerais, Brasil) adicionado apos a autoclavagem (121 °C por
15 minutos, 1 atm). As placas foram incubadas anaerobicamente (Anaerobic System
Anaerogen, Oxoid, Hampshire, UK) a 30 °C por 72 horas. A formagdo de um halo
transparente ao redor das col6nias foi considerada positiva para atividade proteolitica
(FRANCIOSI et al., 2009; DOMINGOS-LOPES et al., 2017).

3.4.2. Atividade lipolitica

Para avaliacdo da atividade lipolitica, ap6s o crescimento de cada cepa de Lactobacillus
testada, uma aliquota de 10 pL das culturas foi transferida para placas contendo &gar
Tributirina (Sigma-Aldrich, Saint Louis, EUA), com posterior incubacdo anaerdbica
(Anaerobic System Anaerogen, Oxoid, Hampshire, UK) a 30 °C por 72 horas. Apds a
incubagdo, o aparecimento de uma zona clara ao redor das coldnias foi interpretado como
atividade lipolitica positiva para as cepas testadas (HANTSIS-ZACHAROV; HALPERN,
2007; DOMINGOS-LOPES et al., 2017).

3.4.3. Tolerancia a NaCl

Apo6s o crescimento, cada cepa de Lactobacillus testada foi transferida (3%, v/v) para
tubos contendo caldo MRS com diferentes concentracdes (1%, 2%, 3%, 4% ou 5%) de cloreto
de sodio (NaCl) e para caldo MRS sem NaCl (controle), e incubadas anaerobicamente
(Anaerobic System Anaerogen, Oxoid, Hampshire, UK) a 37 °C. A contagem viavel em caldo
MRS com e sem NaCl foi determinada apds 24 horas de incubacdo. Os resultados foram
expressos como percentual de sobrevivéncia, isto €, a diferenca entre a contagem viavel
observada no caldo MRS suplementado com cada concentracdo de NaCl em relacdo a
observada no controle (DAS; KHOWALA; BISWAS, 2016). A detecgdo limite de 1 log

CFU/mL foi usada nesses ensaios.

3.4.4 Producao de exopolissacarideo (EPS)
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A producdo de EPS a partir dos isolados foi testada baseando-se nos métodos descritos
por Van Geel-Schutten et al. (1998) e Almeida Junior (2015). Cada cepa de Lactobacillus foi
inoculada (1%, v/v) em 10 mL de caldo MRS contendo 2% de glicose (Sigma-Aldrich, Saint
Louis, EUA) e incubadas a 37 °C durante trés dias em condi¢fes anaerobicas (Anaerobic
System Anaerogen, Oxoid, Hampshire, UK). Apds o periodo de incubagdo, as células
bacterianas foram centrifugadas (6,000 g x 20 min, 20 °C) e misturadas em uma proporcéo de
1:2 com 95% (v/v) de etanol frio (Fmaia, Minas Gerais, Brazil; 4 °C) e armazenados por 24
horas a 4 °C para causar a precipitacdo de EPS. Os precipitados formados foram recolhidos
por centrifugacdo (2,000 g x 15 min, 4 °C) e lavados com &gua destilada esterilizada. Apos
esse processo, 0s granulos foram secos a 55 °C até peso constante. O peso seco (mg/L) foi

mensurado para determinar a quantidade de EPS produzida por cada cepa testada.

3.4.5 Producao de diacetil

ApoGs o crescimento, as células de cada cepa de Lactobacillus foram centrifugadas
(4,000 g x 15 min, 4 °C) e o sedimento foi lavado e ressuspenso em solucéo salina (NaCl
0.85%, p/v) esterilizada. Posteriormente, 100 puL da suspenséo foram inoculados em 10 mL de
leite integral UHT (Cemil, Minas Gerais, Brasil), seguido de incubacdo a 37 °C por 24 horas.
Entdo, 0.5 mL de KOH (16%, p/v) foi primeiramente adicionado a 1 mL da suspenséo e
homogeneizado. Em seguida, foi adicionado 0.5 mL de solugdo de a-naftol (1%, p/v), e
incubado a 37 °C durante 10 minutos. A producdo de diacetil foi indicada pela formacéo de
um anel vermelho na superficie dos tubos (KING, 1948; ALMEIDA JUNIOR et al., 2015).
Os resultados foram classificados como fraco (+), médio (++) ou forte (+++) de acordo com a
intensidade da cor do anel formado.

3.5 ANALISES ESTATISTICAS

Todos os ensaios foram realizados em triplicata, em trés experimentos independentes,
e os resultados foram expressos como média e desvio-padrdo dos dados obtidos. Os dados
foram submetidos a andlise de variancia (ANOVA), seguido do teste de Tukey para
determinar diferencas estatisticas (P < 0.05), utilizando o software Sigma Stat 3.5 (Jandel

Scientific Software, San Jose, California).
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APENDICE A

In vitro characterization of wild Lactobacillus strains isolated from fruit

processing byproducts for use as probiotics

Running title: Fruit derived-lactobacilli as potential probiotics

Abstract

Nine wild Lactobacillus strains, namely L. plantarum 53, L. fermentum 56, L. fermentum 60,
L. paracasei 106, L. fermentum 250, L. fermentum 263, L. fermentum 139, L. fermentum 141
and L. fermentum 296, isolated from fruit processing byproducts were evaluated in vitro for a
series of safety, physiological functionality and technological properties that could enable
their use as probiotics. Considering the safety aspects, the resistance to antibiotics varied
among the examined strains, and none of the strains presented hemolytic and mucinolytic
activity. Regarding the physiological functionality properties, none of the strains was able to
deconjugate bile salts; all of them presented low to moderate cell hydrophobicity, were able to
autoaggregate, coaggregate with Listeria monocytogenes and Escherichia coli and antagonize
pathogenic bacteria. The exposure to pH 2 sharply decreased the survival of the examined
strains after 1 or 2 h-exposure; variable decreases were noted after 3 h-exposure to pH 3.
Overall, the exposure to pH 5 and to bile salts (0.15, 0.3 and 1%) did not decrease the survival
of the examined strains. The examined strains presented better ability to survive the exposure
to simulated gastrointestinal conditions in laboratorial media and milk than in grape juice.
Considering the technological properties, all the strains were positive for proteolytic activity,
EPS and diacetyl production, and most of them had good tolerance to 1 - 4% NaCl. These
results indicate that wild Lactobacillus strains isolated from fruit processing byproducts could

be candidates for use as new probiotics.

Keywords: fruit, agroindustrial byproducts, Lactobacillus, probiotic use.

1. Introduction
Different investigations have supported the importance of including foods carrying
probiotics as part of a healthy diet (Angmo et al., 2016; Oh and Jung, 2015). Probiotics are

living organisms that when ingested at appropriate amounts are capable of exerting benefits to
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host health (FAO/WHO, 2006). Although a high number of probiotic lactic acid bacteria
(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 (Ilha et al., 2015; Salvucci et al., 2016). Among the LAB, the Lactobacillus
genus has been intensively studied for the selection of probiotic species and strains (Argyri et
al., 2013; Sun et al., 2015).

During the selection process of probiotic strains for potential applications, several
aspects need to be considered. These include safety for the consumer (e.g., antibiotic
susceptibility, hemolytic activity and mucin degradation), physiological functionalities (e.qg.,
acid and bile salts tolerance, bile salts deconjugation, cell surface hydrophobicity,
autoaggregation, coaggregation with pathogens and antagonistic activity against pathogens)
and capability of surviving during exposure to gastrointestinal conditions. Additionally,
technological aspects (e.g., proteolytic and lipolytic activity, tolerance to NaCl,
exopolysaccharide and diacetyl production) that can influence the food stability and quality
should be considered (Saarela et al., 2000; Tripathi and Giri, 2014).

The Lactobacillus strains traditionally used as probiotics are often from human or
animal origin because these kinds of strains should be better adapted to conditions of the
human gastrointestinal tract (Monteagudo-Mera et al., 2012; Toscano et al., 2017). Although
studies have shown good performance of Lactobacillus isolated from natural or fermented
vegetables in in vitro tests for selection of probiotics (Di Cagno et al, 2010; Dias et al., 2014;
Ilha et al., 2015; Naeem et al., 2012; Vitali et al., 2012), information on the probiotic
properties of Lactobacillus isolated from fruit or their processing byproducts are still scarce.

Fruit are typically acidic foods, and this characteristic is considered the main factor
driving the selection of the predominant microflora of fruit since the acidic condition inhibits
the survival of most of the spoiling and (phyto) pathogenic microorganisms that colonize their
surface (Naeem et al., 2012; Sheehan et al., 2007). The byproducts generated during the fruit
processing preserve many of the intrinsic fruit characteristics, in addition to harbouring a
variety of microorganisms of potential interest to food industry, especially Lactobacillus
(Ayala-Zavala et al., 2011; Garcia et al., 2016). The natural adaptation to the intrinsic
characteristics of fruit, primarily the acidity and presence of phenolics with antimicrobial
properties, may influence positively the survival of Lactobacillus of fruit origin during the
food processing and storage, as well as during exposure to the harsh acidic conditions of the
gastrointestinal human tract (Garcia et al., 2016; Nematollahi et al., 2016). The detection of

potential probiotic properties in Lactobacillus of fruit processing byproducts origin may
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greatly add value to these agroindustrial byproducts that are already recognized as sources of
bioactive phytochemicals (e.g., antioxidants) and prebiotic ingredients (Andrade et al., 2015;
Duarte et al., 2017; Sancho et al., 2015).

This study assessed in vitro if wild Lactobacillus strains isolated from fruit processing
byproducts present safety, physiological functionality and technological properties that may
enable their use as potentially probiotic strains.

2. Material and methods
2.1 Test strains and inoculum preparation

Nine strains of Lactobacillus species that were previously isolated from byproducts of
fruit pulp processing (Garcia et al., 2016) were tested in vitro for a series of safety,
physiological functionality and technological properties proposed by relevant guidelines
(FAO/WHO, 2006) and previous studies for selection of LAB for use as probiotics (Das et al.,
2016; Domingos-Lopes et al., 2017; Monteagudo-Mera et al., 2012; Santos et al., 2015). The
examined strains were L. plantarum 53, L. fermentum 56 and L. fermentum 60 that were
isolated from byproducts of Malpighia glabra L. - barbados cherry; L. paracasei 106 that was
isolated from byproducts of Annona muricata L. — soursop; L. fermentum 139 and L.
fermentum 141 that were isolated from byproducts of Mangifera indica L. — mango; L.
fermentum 250 and L. fermentum 263 that were isolated from byproducts of Ananas comosus
L. — pineaple; and L. fermentum 296 that was isolated from byproducts of Fragaria vesca L.
(strawberry) (Garcia et al., 2016). These strains were identified using 16S rRNA gene
sequence analysis (Garcia et al., 2016). Stocks were stored at —20 °C in Mann, Rogosa and
Sharpe (MRS) broth (HiMedia, Mumbai, India) containing glycerol (Sigma-Aldrich, St.
Louis, USA; 20 mL/100mL). Working cultures were maintained aerobically on MRS agar
(HiMedia, Mumbai, India) at 4 °C, and transferred to a new media monthly. Prior the use in
assays, each strain was cultivated anaerobically (Anaerobic System Anaerogen, Oxoid,
Hampshire, UK) in MRS broth at 37 °C for 20 — 24 h (stationary growth phase). These
cultures provided viable counts in the range of 7 — 8 log cfu/mL when pour plated onto MRS
agar.

Strains of Staphylococcus aureus (INCQS 00015, originally ATCC 25923), Salmonella
Typhimurium (INCQS 00150, originally ATCC 14028), Salmonella Enteritidis (INCQS
00258, originally 13076), Listeria monocytogenes (INCQS 00266, originally ATCC 7644)
and Escherichia coli (INCQS 00219, originally ATCC 8739) used in assays of antagonistic

activity and/or coaggregation were obtained from the National Institute for Quality Control in
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Health (Oswaldo Cruz Foundation, Rio de Janeiro, Brazil). Stocks were stored in Brain Heart
Infusion (BHI) broth (HiMedia, Mumbai, India) containing glycerol (Sigma-Aldrich, St.
Louis, USA; 20 mL/100 mL) at -20 °C. Prior to use in assays, each strain was aerobically
grown in BHI broth at 37 °C for 20 — 24 h (stationary growth phase). These suspensions
provided viable cell counts in the range of 7 — 8 log cfu/mL.

2.2 Safety properties
2.2.1 Antibiotic susceptibility testing

The minimum inhibitory concentration (MIC) of ampicillin, chloramphenicol,
clindamycin, erythromycin, gentamycin, kanamycin, streptomycin and tetracycline (EFSA,
2012) against the Lactobacillus strains were determined using a microdilution in broth test
(Garcia et al., 2016). Approximately 50 uL-aliquots of each antibiotic solution were dispensed
into wells of a 96-well microplate containing 100 pL of MRS broth. Subsequently, a 50 pL-
aliquot of the examined strain grown anaerobically in MRS (20 — 24 h, 37 °C, using
Anaerobic System Anaerogen, Oxoid, Hampshire, UK) was added to each well. The
microplate was loosely wrapped with cling wrap to prevent bacterial dehydration. Each plate
included an inoculated sample without antibiotic, an inoculated sample with antibiotic and an
uninoculated sample as controls. The system was anaerobically incubated at 37 °C for 48 h.
Subsequently, the bacterial growth was visually observed, and the MIC of each antibiotic was
confirmed as the lowest concentration capable of inhibiting visible bacterial growth. The MIC
cut-off values of EFSA (2012) were considered to categorize the strains as susceptible or
resistant to each tested antibiotic. Each strain was defined as susceptible when it was inhibited
at a concentration (ug/mL) of a specific antibiotic equal to or lower than the established cut-
off value, and as resistant when it was inhibited at a concentration (ug/mL) of a specific
antibiotic higher than the determined cut-off value (EFSA, 2012).

2.2.2 Hemolytic activity

Ten-pL aliquots of each Lactobacillus strain anaerobically grown (20 — 24 h, 37 °C,
using Anaerobic System Anaerogen, Oxoid, Hampshire, UK) in MRS broth were streaked
onto blood agar [Mueller Hinton agar (HiMedia, Mumbai, India) with 5% (v/v) fresh human
blood] and incubated anaerobically at 30 °C for 48 h. After the incubation period, the blood
agar plates were examined to the presence of signs of B-hemolysis (clear zones surrounding
the colonies), a-hemolysis (green-hued zones surrounding the colonies) or y-hemolysis (no

zones around colonies) (Argyri et al., 2013).
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2.2.3 Mucin degradation

The capacity of the Lactobacillus strains to degrade gastric mucin was assessed using
partially purified pig gastric mucin type Il (Sigma-Aldrich, St. Louis, USA). For this, 0.5%
(w/v) mucin was incorporated into bacteriological agar (1.2%, wi/v) plates with and without
3% (w/v) glucose. Ten-puL aliquots of each Lactobacillus strain grown anaerobically (20 — 24
h, 37 °C, using Anaerobic System Anaerogen, Oxoid, Hampshire, UK) in MRS broth were
spot inoculated onto the plates, and incubated anaerobically at 37 °C for 72 h. At the end of
the incubation period, the agar plates were stained with 0.1% (w/v) amido black (Sigma-
Aldrich, St. Louis, USA) in 3.5 M acetic acid for 30 min and thereafter washed with 1.2 M
acetic acid. The appearance of a clear zone surrounding the colonies was considered positive

for mucinolytic property (Monteagudo-Mera et al., 2012; Zhou et al., 2001).

2.3 Physiological functionality properties
2.3.1 Acid and bile salts tolerance

The tolerance to different pH values and bile salt concentrations was assessed by
inoculating 1 mL-aliquots of each tested Lactobacillus strain (grown anaerobically in MRS
broth; 20 — 24 h, 37 °C, using Anaerobic System Anaerogen, Oxoid, Hampshire, UK) in 10
mL PBS (50 mM KyHPO4/KH2PO4) with pH adjusted to 2, 3 or 5 using 1 M HCI or
supplemented with 0.15, 0.3 or 1% (w/v) bile salts (Sigma-Aldrich, St. Louis, USA). The
mixtures were incubated anaerobically at 37 °C under stirring (150 rpm). At different
incubation time intervals (1, 2 and 3 h), 1 mL-aliquots were removed from each mixture,
serially diluted in sterile peptone (0.15 g/100 mL) water and spread plated onto MRS agar for
enumeration of viable cells. After an incubation period of 48 h at 37 °C under anaerobiosis,
the viable cells were counted and the results were expressed as the log cfu/mL. For controls,
Lactobacillus strains were cultivated in PBS with pH 7.2 adjusted using 1 M NaOH and in
MRS without bile salts (Jacobsen et al., 1999; Monteagudo-Mera et al., 2012).

2.3.2 Bile salts deconjugation

Initially, 10 pL-aliquots of each tested Lactobacillus strain (grown anaerobically in
MRS broth; 20 — 24 h, 37 °C, using Anaerobic System Anaerogen, Oxoid, Hampshire, UK)
were streaked onto MRS agar supplemented with 0.5% (w/v) sodium salt of taurodeoxycholic
acid (Sigma-Aldrich, St. Louis, USA) or glycodeoxycholic acid (Sigma-Aldrich, St. Louis,
USA). The plates were incubated anaerobically at 37 °C for 48 h. The appearance of opaque
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zones surrounding the colonies was considered positive for bile salts desconjugation (Santos
etal., 2014).

2.3.3 Cell surface hydrophobicity

Lactobacillus cells grown anaerobically in MRS broth (20 — 24 h, 37 °C, using
Anaerobic System Anaerogen, Oxoid, Hampshire, UK) were centrifuged (7,000 g x 5 min, 4
°C), washed twice and resuspended in PBS (50 mM K>;HPO4/KH2PO4, pH 6.5) to achieve an
OD at 560 nm of 1.0, named A560 value (A0). N-hexadecane (Sigma-Aldrich, St. Louis,
USA) was mixed (1:5) with the cell suspension and vortexed for 2 min. After a 1 h-incubation
at 37 °C, the A560 value (A) of the formed aqueous layer was measured again. The cell
surface hydrophobicity was calculated using the equation: %H = [(A0-A)/A0] x 100; where
A0 and A refer to the absorbance values determined before and after the extraction with N-

hexadecane, respectively (Santos et al., 2015).

2.3.4 Autoaggregation and coaggregation with L. monocytogenes and E. coli

For the evaluation of autoaggregation capacity, Lactobacillus strains grown
anaerobically in MRS broth (20 — 24 h, 37 °C, using Anaerobic System Anaerogen, Oxoid,
Hampshire, UK) were harvested by centrifugation (7,000 g x 10 min, 20 °C), washed,
resuspended and diluted in saline solution (NaCl 0.85 g/100mL) to achieve an OD at 660nm
(OD660nm) of 0.3. After a 60 min-incubation at 37 °C, the OD660nm value was measured
again. The autoaggregation was determined using the equation: % autoaggregation = [(OD0—
OD60)/0OD0] x 100; where ODO refers to the initial OD value and ODG60 refer to the OD
value determined after the 60 min-incubation (Todorov et al., 2008).

For the evaluation of coaggregation capacity, the Lactobacillus strains were similarly
grown in MRS broth, harvested by centrifugation (7,000 g x 10 min, 20 °C), washed,
resuspended and diluted in saline solution (NaCl 0.85 g/100mL) to achieve an OD660nm
value of 0.3. A 750 pL-aliquot of each Lactobacillus suspension was mixed with the same
volume of a suspension of the coaggeregation partner L. monocytogenes (INCQS 00266,
origin ATCC 7644) or E. coli (INCQS 00219, origin ATCC 8739) and vortexed for 30 s. The
OD660nm value was determined on time zero (baseline - just after mixing the suspensions)
and after 60 min incubation at 37 °C. Coaggregation was measured using the equation: %
coaggregation = [(OD0-OD60)/ODO0] x 100; where ODO refers to the initial OD value
determined at time zero and ODG60 refers to the OD value of the supernatant after the 60 min-
incubation (Todorov et al., 2008).
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2.3.5 Antagonistic activity against pathogens

The antagonistic activity of each Lactobacillus strain against the indicator bacterial
strains as well as the other examined Lactobacillus strains was evaluated using spot agar and
well diffusion tests. For the spot agar test, a 10 pL-aliquot of each Lactobacillus strain grown
anaerobically in MRS broth (20 — 24 °C, 37 °C, using Anaerobic System Anaerogen, Oxoid,
Hampshire, UK) was spotted on the surface of MRS agar containing 0.2% (w/v) glucose and
1.2% (w/v) bacteriological agar (HiMedia, Mumbai, India) and incubated anaerobically for
24 h at 37 °C. A 1 mL-aliquot of each indicator bacterium was mixed with 18 mL-soft BHI
agar (with 0.7% agar) and poured over the spot-inoculated MRS agar. The plates were
incubated aerobically at 37 °C for 48 h. The antagonistic activity was recorded as the diameter
(mm) of growth inhibition zones around each spot (Jacobsen et al., 1999). Non-inoculated
MRS agar was used as a negative control.

For the well diffusion test, the Lactobacillus strains were similarly cultivated in MRS
broth and the cell free culture supernatants were collected by centrifugation (15,000 g x 15
min, 4 °C). A 1 mL-aliquot of each indicator bacterium was incorporated into 20 mL-BHI soft
agar plates, and 50 pL-aliquots of the Lactobacillus cell free culture supernatants were added
into wells (5 mm diameter and 5 mm depth) in BHI agar. The plates were aerobically
incubated at 37 °C for 48 h. The antagonistic activity was recorded as the diameter (mm) of
growth inhibition zones around each well. In this assay, non-inoculated MRS broth was used
as a negative control (Vitali et al., 2012).

In both spot agar and well diffusion tests the appearance of inhibition zone with
diameter greater than 1 mm (around the spot or well) was considered as positive antagonistic

activity (Jacobsen et al., 1999).

2.3.6 Exposure to simulated gastrointestinal conditions

Lactobacillus strains grown anaerobically in MRS broth (20 — 24 h, 37 °C, using
Anaerobic System Anaerogen, Oxoid, Hampshire, UK) were exposed to simulated
gastrointestinal conditions in MRS broth, whole milk (Cemil, Patos de Minas, Minas Gerais,
Brazil) and whole grape juice (Aurora, Bento Gongalves, Rio Grande do Sul, Brazil). These
assays were carried out to observe the survival rates of the examined strains throughout the
exposure to the simulated gastrointestinal conditions as well as to observe if the tested
matrices are capable of exerting some protective effects on the examined strains under these

conditions. Initially, 25 mL-aliquots of MRS broth, milk or grape juice were put in glass
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flasks (50 mL) and inoculated with the examined strains (initial viable count 6 — 7 log
cfu/mL). The simulation in these flasks was performed continuously in phases mimicking
mastication and conditions in esophagus-stomach, duodenum and ileum. The mechanical
agitation was used to simulate the peristaltic movements and the test was performed in
incubator at 37 °C with rotation adjustment in each phase. The mastication was simulated
using 100 U a-amylase diluted in 1 mL of 1 mM CaCl, mL, pH adjusted to 6.9 with 1 M
NaHCOs3 and exposure time of 2 min at 200 rpm; esophagus-stomach conditions with 25 mg
of pepsin diluted in 1 mL of 0.1 M HCI, added at a rate of 0.05 mL/mL, pH with gradual
decrease using 1 M 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 2/20 min) under stirring (130 rpm). Duodenal conditions were simulated
with 2 g pancreatin/L of 0.1M NaHCO3 and 12 g bovine bile salts/L of 0.1M NaHCO3, pH
adjusted for 5 with 0.1 M NaHCOz and exposure time of 30 min under stirring (45 rpm); and
ileal conditions were simulated with pH adjusted to 6.5 using 0.1 M NaHCOg, exposure time
of 60 min under stirring (45 rpm). All the enzymes and bovine bile salts were purchased from
Sigma-Aldrich (St. Louis, USA). After each simulated gastrointestinal condition, 100 pL-
aliquots of the MRS broth, milk and grape juice were serially diluted in sterile saline solution
(NaCl 0.85 g/100 mL) and plated on MRS agar (HiMedia, Mumbai, India) (Meira et al.,
2015). After an incubation period of 48 h at 37 °C under anaerobiosis, the viable cells were
counted and the results were expressed as log cfu/mL. Inoculated MRS broth, grape juice and
milk samples maintained at 37 °C without exposure to the gastrointestinal simulation

conditions were used as controls. A detection limit of 1 log cfu/mL was used in these assays.

2.4 Technological properties
2.4.1 Proteolytic and lipolytic activity

For evaluation of proteolytic activity, a 10 pL-aliquot of each Lactobacillus strain
grown anaerobically in MRS broth (20 — 24 h, 37 °C, using Anaerobic System Anaerogen,
Oxoid, Hampshire, UK) was streaked onto plate count agar (HiMedia, Mubai, India)
supplemented with 10% (w/v) sterilized (121 °C for 15 min, 1 atm) skim milk (Camponesa,
Minas Gerais, Brazil) and incubated anaerobically at 30 °C for 72 h. The appearance of a clear
zone surrounding the colonies was considered positive for proteolytic activity (Franciosi et
al., 2009; Domingos-Lopes et al., 2017). The lipolytic activity was evaluated by streaking a
10-pL aliquot of each Lactobacillus strain onto dried surface of Tributyrin agar (Sigma-

Aldrich, St. Louis, USA) and incubating anaerobically at 30 °C for 72 h. The appearance of a
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clear zone surrounding the colonies was considered positive for lipolytic activity (Domingos-
Lopes et al., 2017; Hantsis-Zacharov and Halpern, 2007).

2.4.2 Tolerance to NaCl

The cultures of the tested Lactobacillus strains grown anaerobically in MRS broth (20 —
24 h, 37 °C, using Anaerobic System Anaerogen, Oxoid, Hampshire, UK) were transferred
(3%, v/v) for a fresh MRS broth supplemented with 1, 2, 3, 4 or 5% (w/v) NaCl and for a
fresh MRS broth not-supplemented with NaCl (control) and incubated anaerobically at 37 °C.
The viable counts in MRS broth with and without NaCl were enumerated after 24 h-
incubation. The results were expressed as percent survival rates, i.e. the difference between
the viable counts enumerated in MRS broth with the tested NaCl concentration with that
observed in MRS without NaCl (control) (Das et al., 2016). A detection limit of 1 log cfu/mL
was used in these assays.

2.4.4 Exopolysaccharide (EPS) production

The Lactobacillus strains were cultured in MRS broth supplemented with 2% (w/v)
glucose for 3 days at 37 °C under anaerobiosis (Anaerobic System Anaerogen, Oxoid,
Hampshire, UK). The cells were centrifuged (6,000 g x 20 min, 20 °C), mixed in a rate of 1:2
with 95% (v/v) cold ethanol (Fmaia, Minas Gerais, Brazil) and maintained at 4 °C for 24 h to
induce the EPS precipitation. EPS precipitates were recovered by centrifugation (2,000 g x 15
min, 4 °C), washed with distilled water and dried at 55 °C until constant weight. The dry
weight (mg/L) was measured to determine the amount of EPS produced (Almeida Junior,
2015; Van Geel-Schiitten et al., 1998).

2.4.5 Diacetyl production

The cells of the Lactobacillus strains grown anaerobically in MRS broth (20 — 24 h, 37
°C, using Anaerobic System Anaerogen, Oxoid, Hampshire, UK) were collected by
centrifugation (4,000 g x 15 min, 4 °C), washed and resuspended in saline solution (NaCl
0.85 ¢/100mL) and added (100 pL) into 10 mL-UHT whole milk (Cemil, Patos de Minas,
Brazil). After a 24 h-incubation at 37 °C, 0.5 mL of 1% (w/v) a-naphtol (Sigma-Aldrich, St.
Louis, USA) and 16% (w/v) KOH (Sigma-Aldrich, St. Louis, USA) were mixed with a 1 mL-
aliquot of the bacterial culture in UHT-whole milk and incubated for 10 min at 37 °C. The
formation of a red ring at the top of the mixtures was considered positive for diacetyl

production (King, 1948; Almeida Janior et al., 2015). The strains were classified as weak (+),
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medium (++) and strong (+++) diacetyl producers considering the intensity of the formed red

ring.

2.5 Reproducibility and statistical analysis

All assays were performed in triplicate in three independent experiments, and the results
expressed as the average of the obtained data. Statistical analyses were performed to
determine significant differences (P < 0.05) among obtained results using the ANOVA
followed by Tukey’s. These analyses were performed using the software Sigma Stat 3.5

(Jandel Scientific Software, San Jose, California).

3. Results
3.1 Safety properties

The MIC of different antibiotics against the tested Lactobacillus strains is shown in
Table 1. All strains were resistant to erythromycin. One strain was resistant to clindamycin (L.
fermentum 60) and two were resistant to tetracycline (L. plantarum 53 and L. fermentum 60).
Only one strain did not show resistance to kanamycin (L. fermentum 296) and two strains did
not show resistance to gentamycin (L. fermentum 263 and L. fermentum 296). None of the
strains was resistant to ampicillin and chloramphenicol.

None of the examined Lactobacillus strains were capable of degrading mucin or

developing total or partial B- or a-hemolysis (data not shown).

3.2 Physiological functionality properties

Lactobacillus strains showed sharp decreases in viable counts when they were exposed
to pH 2 or 3 for 2 or 3 h (Table 2). L. fermentum 296 presented the highest counts following
the 2 h-exposure to pH 2 and the 3 h-exposure to pH 3. At pH 5, only L. paracasei 106 and L.
fermentum 139 showed viable counts <1 log cfu/mL after 2 and 3 h-exposure, respectively;
the other examined strains presented viable counts similar to those observed to the control.
Only L. fermentum 141 showed viable counts of <1 cfu/log /mL following the 1, 2 or 3 h-
exposure to 0.15, 0.3 and 1% bile salts; the same behavior was observed for L. fermentum 56
when exposed to 1% bile salts. The other examined strains presented viable counts in the
range of 4.2 — 7.5 log cfu/mL when exposed to 0.15, 0.3 and 1% bile salts over the monitored
exposure time intervals. Overall, there was no clear influence of the exposure time and the

effects of different bile salts concentrations on the Lactobacillus viable counts (Table 2).
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None of the tested Lactobacillus strains showed ability to deconjugate taurocholic and
glycocholic acid salts. Furthermore, glycocholic acid totally inhibited the growth of all
examined strains and taurocholic acid displayed a slight reduction of the growth of most
strains (data not shown). The tested Lactobacillus strains showed results of surface
hydrophobicity in the range of 6.7 — 43.5%. Five strains displayed surface hydrophobicity
values varying from 10 to 20%; the highest and lowest surface hydrophobicity values were
observed for L. fermentum 139 and L. fermentum 296, respectively (Table 3).

All the examined Lactobacillus strains presented ability to autoaggregate and
coaggregate (Table 3). The values for autoaggregation were in the range of 13.6 — 48.4%. The
highest values for autoaggregation were displayed by L. paracasei 106, L. plantarum 53, L.
fermentum 60 and L. fermentum 296. The values for coaggregation with L. monocytogenes
and E. coli were in the range of 10.2 — 51.8 and 2.4 — 41.3%, respectively. In most cases, the
examined Lactobacillus strains presented higher ability to coaggregate with L. monocytogenes
than with E .coli.

The nine examined Lactobacillus strains presented inhibitory effects against S.
Typhimurium INCQS 00150, S. Enteritidis INCQS 00258, L. monocytogenes INCQS 00266
and E. coli INCQS 00219 in both well diffusion and spot agar assays (Table 4). Only L.
paracasei 106 did not inhibit S. aureus INCQS 00015 in spot agar assay. The cell free culture
supernatants of L. paracasei 106, L. fermentum 141, L. fermentum 250 and L. fermentum 296
did not inhibit S. aureus INCQS 00015. Overall, the diameters of the growth inhibition zones
were greater in spot agar than in well diffusion assays. The strongest antagonistic activities in
spot agar and well diffusion assays were showed by L. plantarum 53 and L. fermentum 60.
None of the tested Lactobacillus strains were able to inhibit each other (data not shown).

When viable counts of the Lactobacillus strains in MRS broth, grape juice and milk
during the exposure to simulated digestion conditions were evaluated (data in supplementary
material) it was noted that the exposure to the 1% phase of the simulated digestion (mouth
conditions, pH 6.9, exposure time 2 min) did not decrease (P > 0.05) the counts of the
examined strains in MRS both, grape juice and milk. The exposure to the 4" digestive phase
(stomach conditions, pH 3.8, exposure time 32 min) in grape juice caused decreases of >3 log
units in viable counts of L. paracasei 106, L. fermentum 141 and L. fermentum 263; the
decrease in counts of the other strains varied of 1.7 — 2.6 log units under this condition. The
exposure of all examined strains up to the 5™ (stomach condition, pH 2.8, exposure time 52
min) and 6™ digestive phase (stomach condition, pH 2.3, exposure time 72 min) in milk

caused counts decreases in the range of 0.3 — 1.8 log units.
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The viable counts of the tested strains were in the range of <1 — 4.2 log cfu/mL when
they were exposed to the 5" and 6" digestive phases in grape juice. The counts of L.
paracasei 106, L. fermentum 141 and L. fermentum 263 when exposed to the 7" digestive
phase (stomach condition, pH 2, exposure time 92 min) in milk were in the range of 4.6 — 4.9
log cfu/mL. The exposure to the 8" (duodenum condition, pH 5, exposure time 122 min) and
o digestive phase (ileal conditions, pH 6.5, exposure time 182 min) did not result in further
reductions (P > 0.05) in counts of all tested strains in milk. L. paracasei 106, L. fermentum
141 and L. fermentum 263 showed counts of <1 log cfu/mL when exposed to the 7", 81" and
o digestive phases in grape juice.

At the end of the exposure to the digestive conditions (following simulated ileal
conditions), the counts of L. plantarum 53, L. fermentum 56, L. fermentum 60, L. fermentum
139, L. fermentum 250 and L. fermentum 296 in milk were <I log unit lower than those
observed in MRS broth (control; 5.7 — 7.0 log cfu/mL), and the highest counts (5.9 — 6.6 log
cfu/mL) were observed for L. plantarum 53, L. fermentum 60 and L. fermentum 250. The
strains L. paracasei 106, L. fermentum 141 and L. fermentum 263 were the most sensitive to
the exposure to simulated digestion in both milk and grape juice. The highest decreases in
counts of the tested strains were observed in grape juice. Viable counts of the examined
Lactobacillus strains in grape juice, milk and MRS broth not exposed to the simulated
gastrointestinal conditions were in the range of 5.9 — 7.3 log cfu/mL during the 182 min-

exposure (data not shown).

3.3 Technological properties

All the examined Lactobacillus strains were positive for proteolytic activity and none of
them was positive for lipolytic activity (data not shown). All the strains were capable of
producing EPS, with amounts in the range of 43.4 — 58.2 mg/L (Table 3). The production of
EPS in amounts >50 mg/L were displayed by L. paracasei 106, L. fermentum 263 and L.
fermentum 296. Similarly, all the strains were capable of producing diacetyl; five strains could
be classified as medium (L. fermentum 60, L. fermentum 141 and L. fermentum 250) or strong
(L. paracasei 106 and L. fermentum 139) diacetyl producers (Table 3).

The results of NaCl tolerance are shown in Table 5. The tested Lactobacillus strains
presented good tolerance to 1% NaCl with survival rates in the range of 81.1 — 95.4%. Only
L. plantarum 53, L. fermentum 60 and L. paracasei 106 presented survival rates <16.6% when
exposed to 2% NaCl; the other strains presented survival rates >83.8% under these conditions.

Similarly, L. plantarum 53, L. fermentum 60 and L. paracasei 106 presented the lowest
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survival rates when exposed to 3 and 4% NaCl (< 7.7 and 7.1%, respectively); for the other
strains, the survival rates were in the range of 29.4 - 59.6% under these conditions. Only four
strains presented survival rates <10% when exposed to 5% NaCl; the survival rates for the
other strains were in the range of 11.3— 16.0%. Overall, L. fermentum 141, L. fermentum 250

and L. fermentum 263 presented the highest tolerance to all NaCl concentrations tested.

4. Discussion

The European Food Safety Authority considers that bacterial strains carrying antibiotic
resistance related to acquired genetic determinants have high potential for horizontal spread
and should not be incorporated into foods; otherwise, considers that bacterial strains carrying
intrinsic or chromosomal mutation antibiotic resistance have a minimal to low potential for
horizontal resistance spread and generally may be incorporated into foods (EFSA, 2012).
Most of the Lactobacillus strains tested in this study were resistant to gentamycin and
kanamycin when compared to EFSA cut off values. The resistance to aminoglycoside
antibiotics (such as gentamycin and kanamycin) has been recognized as intrinsic in
Lactobacillus genus (Argyri et al., 2013; Danielsen and Wind, 2003; Monteagudo-Mera et al.,
2012). All the examined Lactobacillus strains were resistant to erythromycin. The
erythromycin resistance in Lactobacillus has been associated with an only mutation in 23S
rRNA gene (Gueimonde et al., 2013). Particularly, the resistance to tetracycline observed in
L. plantarum 53 e L. fermentum 60 must be carefully considered. Controversially, some
studies have described the tetracycline resistance genes tet(M), tet(L), tet(K) and tet(S) as
being chromosomic in LAB (Gueimonde et al., 2013; Zonenschain et al., 2009; Shao et al.,
2015) while others have shown the tet(M) as being localized in plasmids (Danielsen, 2002;
Gevers et al., 2003), which are commonly able to move among bacteria.

Indistinctly, none of the tested Lactobacillus strains were capable of causing hemolysis
and degrading the mucin. The absence of hemolytic activity and ability to degrade mucin are
recommended safety prerequisites for probiotics (Abe et al.,, 2010; Zhou et al., 2001).
Hemolysins are toxins that cause the lysis of the erythrocytes (Husain, 2008). Lactobacillus
species are typically non-hemolytic, although some studies have found partial hemolytic
activity in some Lactobacillus strains (Lee et al., 2011a; Marroki and Bousmaha-Marroki,
2014). The inability of the Lactobacillus strains to degrade mucin is an important
characteristic since the production of mucin-degrading enzymes is cited as a virulence factor
in enteropathogens (Monteagudo-Mera et al., 2012) and, consequently, a non-desirable

feature in probiotics (Zhou et al., 2001). The presence of mucin covering the intestinal
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epithelial cells plays an important role preventing the translocation and mucosal penetration
by pathogens and other toxic agents (Abe et al., 2010; Zhou et al., 2001).

In addition to not degrading the mucin, the prevention of pathogen adhesion to intestinal
cells by probiotics has been related to their cell surface hydrophobicity (determined as
adhesion to N-hexadecane) (Santos et al., 2015). The average values of cell surface
hydrophobicity for the Lactobacillus strains tested in this study revealed weak to moderate
surface hydrophobicity. In agreement with our results, variability in cell surface
hydrophobicity among Lactobacillus species and even among strains of the same species has
been observed (Das et al., 2016; Sagdic et al., 2014). Although microbial adhesion to N-
hexadecane is considered a valid tool to estimate the bacterial capability to adhere to
epithelial cells, Lactobacillus strains with low hydrophobicity may present high adhesion
level to HT-29 cells, considered the gold standard for in vitro evaluation of microbial
adhesion (Das et al., 2016; Lee et al., 2011b; Todorov et al., 2008). These findings suggest
that the microbial adhesion to host tissue involves other mechanisms behind the
hydrophobicity of the cell surface (Ross and Jonsson, 2002; Santos et al., 2015).

The low cell surface hydrophobicity of the tested Lactobacillus strains did not impact
negatively their autoaggregation properties. The examined strains displayed high rates of
autoaggregation considering the short contact time of 60 min (Angmo et al., 2016). The
autoaggregation rates of Lactobacillus commonly increase with the contact time duration
(Dias et al., 2013; Goh and Klaenhammer, 2010). Considering the results of autoaggregation
assays, L. paracasei 106, L. plantarum 53, L. fermentum 60 and L. fermentum 296 could
hypothetically produce the highest barrier effects to prevent the colonization of pathogens, in
addition to better compete for the host binding sites (Ferreira et al., 2011). High aggregation
rates facilitate the persistence of beneficial organisms in the gastrointestinal tract and the
induction of their beneficial effects in the host (Santos et al., 2015). The coagrregation is an
important property in Lactobacillus indicating their potential ability to prevent the
colonization of pathogens and to compete with them through antagonistic interactions (Argyri
et al., 2013; Vijayakumar et al., 2015). Overall, the highest coaggreagation values were
observed with L. monocytogenes, suggesting a better ability of the examined Lactobacillus
strains to bind to Gram-positive organisms than to E. coli, as a Gram-negative organism (Tuo
et al., 2013; Santos et al., 2015).

Eight of the nine examined Lactobacillus strains presented capability of inhibiting E.
coli, L. monocytogenes, Salmonella Enteritidis, Samonella Typhimurium and S. aureus in

sport agar and/or well diffusion test, although the nature of the inhibitory substances remains
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unknown. The efficacy of lactobacilli to inhibit pathogenic bacteria is one of the most
important functional properties of probiotics (Argyri et al., 2013; Monteagudo-Mera et al.,
2012) and directly related to their capability of producing antimicrobial compounds (Garcia et
al., 2016; Oliveira et al., 2008). The production of antimicrobial compounds by Lactobacillus
occurs naturally during fermentation, considered to be of technological importance for food
preservation (Xue et al., 2015).

The adhesion of probiotics to intestinal mucosa has been also associated with their
ability to produce EPS (Ruas-Madiedo et al., 2007). Typically, the production of EPS by
Lactobacillus strains is in the range of 10 - 100 mg/L (Almeida Junior et al., 2015;
Anandharaj et al., 2015). EPS production in the range of 43 — 58 mg/mL was seen in this
study. The EPS structure may promote interactions between probiotics and host specific
receptors (Garcia-Ruiz et al., 2014) and act as a capsule or slime bound to the cells surface
protecting against toxic agents and stressing conditions encountered during the
gastrointestinal tract passage (Lindstrom et al., 2012) or imposed by food preservation
technologies (Stack et al., 2010). Additionally, increasing attention has been given to the EPS
production by probiotic Lactobacillus because of its possible immunogenic properties in the
host (Domingos-Lopes et al., 2017; Patel et al., 2010).

Since probiotics should survive in the stomach where gastric juice (pH 2 — 3) is present,
the tolerance to acidic pH is an important selection criterion for probiotics. Normally, this low
pH causes sharp decreases in bacterial counts (Singh et al., 2012). L. plantarum 53, L.
fermentum 56, L. fermentum 139, L. fermentum 250, L. fermentum 263 and L. fermentum 296
survived after 1 h-exposure to pH 2, but only L. fermentum 296 survived after 2 and 3 h-
exposure to this condition. The exposure to pH 3 for 1 h did not cause sharp reduction in
viable counts of any of the tested strains, but only two strains (L. fermentum 139 and L.
fermentum 141) and one strain (L. fermentum 296) survived after 2 and 3 h-exposure to this
condition, respectively. L. casei 139 and L. fermentum 141 were the least tolerant strains to
the low pH. Studies have shown that the capability of different Lactobacillus strains to
survive to acid conditions is variable (Garcia et al., 2016; Jacobsen et al., 1999; Monteagudo-
Mera et al., 2012). The examined strains presented good tolerance to 0.15, 0.3 and 1% bile
salts over the 3-h exposure time, with the exception of L. fermentum 141 that did not survive
to any of these conditions. Bile tolerance is an important feature in Lactobacillus species
enabling them to survive during the gastrointestinal transit (Garcia et al., 2016).

In the stomach, probiotics are not necessarily challenged with pH value as low as 2 and

3 because the gastric environment may be buffered by food components (Zarate et al., 2000).



66

Components of food matrices may also confer direct protective effects on bacterial cells
(Garcia et al., 2016). Thus, the survival rates of the tested Lactobacillus strains when exposed
to simulated gastrointestinal conditions in a laboratorial media (MRS broth) as well as in a
dairy (whole milk) and vegetal matrix (grape juice) were monitored. The exposure to the 4%
digestive phase (stomach conditions, pH 3.8, exposure time 32 min) in grape juice caused
sharp decreases in viable counts of all examined strains, and L. paracasei 106, L. fermentum
141 and L. fermentum 263 presented the highest viable count reductions. Additional decreases
in viable counts of the examined strains were observed following the exposure to the 5%
(stomach conditions, pH 2.8, exposure time 52 min) and 6" digestive (stomach conditions, pH
2.3, exposure time 72 min) phases in grape juice, and no survivors were detected for some of
the examined Lactobacillus strains following the exposure to the 7" (stomach conditions, pH
2, exposure time 92 min), 8" (duodenum conditions, pH 5, exposure time 122 min) and 9™
(ileal conditions, pH 6.5, exposure time 182 min) digestive phases. The exposure to the
different phases forming the simulated digestion in milk caused lower impacts on the viable
counts of the examined strains compared to grape juice. The high acidity of grape juice and
the presence of antimicrobial compounds (e.g., phenolics) may have enhanced the inhibitory
effects imposed by the acidic conditions and the presence of enzymes and/or bile salts in
cultivation media on the tested Lactobacillus strains (Nualkaekul and Charalampopoulos,
2011; Nualkaekul et al., 2012). Overall, L. plantarum 53, L. fermentum 60 and L. fermentum
250 presented the best survival performances during the exposure to the simulated digestion
in both milk and grape juice.

The bile salt tolerance in probiotics was initially related to the bile salt hydrolase
activity (Corzo and Gilliland, 1999; Solieri et al., 2014). The good tolerance to bile salts
among the examined Lactobacillus strains was not associated with their capacity to
deconjugate taurocholic and glycocholic acid salts, which is in agreement with the findings of
previous investigations with potentially probiotic Lactobacillus species (Argyri et al., 2013;
Mathara et al., 2008; Vinderola and Reinheimer, 2003). These reports suggest that the
capability of causing bile salts deconjugation in lactobacilli is not related to their capacity to
tolerate the conjugated bile salts. The results of this study also showed that all examined
Lactobacillus strains were capable of surviving in the presence of tauroconjugated bile salts,
in opposite to the total growth inhibition in the presence of glycoconjugated bile salts. These
findings are interesting because other mechanisms alternative to bile salts hydrolase may be
involved in the role of probiotics to counteract the bile damages (Solieri et al., 2014).

Considering that the toxicity of glycoconjugated bile salts was higher than that observed to
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tauroconjugated bile salts, the bile salts hydrolase activity displayed by the examined
Lactobacillus strains could be important to counteract the toxic effects of tauroconjugated bile
salts rather than of glycoconjugated bile salts (Begley et al., 2006; Solieri et al., 2014).

The ability of microorganisms to exert extracellular proteolytic and lipolytic activities is
an important technological characteristic to develop particular sensory characteristics of
texture and flavour in fermented foods. All the examined Lactobacillus strains showed
proteolytic activity, but none of them showed lipolytic activity. Probiotic lactobacilli have
shown good proteolytic activity resulting in higher levels of soluble proteins and delivery of
free amino acids in food matrices (Bezerra et al., 2016). The absence of lipolytic activity in
Lactobacillus strains verified in this study is in agreement with the available literature
showing that Lactobacillus strains typically present absence or weak lipolytic activity
(Domingos-Lopes et al., 2017; Landeta et al., 2013).

The examined Lactobacillus strains presented the ability to produce diacetyl, and five of
them were characterized as medium- (L. fermentum 60, L. fermentum 141 and L. fermentum
250) or high-level (L. paracasei 106, L. fermentum 139) diacetyl producers. Diacetyl is a
volatile compound derived from citrate metabolism with important role for the development
of distinct characteristics in fermented products, primarily in dairy products (Rincon-
Delgadillo et al., 2012). The ability of Lactobacillus strains intended for inclusion into food
matrices to tolerate NaCl concentrations is an important feature because the NaCl
concentrations commonly used in foods can be inhibitory to these microorganisms (Gregoret
et al., 2013). Overall, the examined Lactobacillus strains presented high tolerance to 1 and 2%
NaCl. Lactobacillus species typically present good tolerance to 2 - 3% NaCl, and
concentrations >4% NaCl commonly cause sharp decrease in their survival rates (Ilha et al.,
2015; Reale et al., 2015). Although 4 and 5% NaCl caused sharp reductions in viable counts
of most of the examined Lactobacillus strains, survivors of all strains were detected at 4 and
5% NacCl, in opposite to an early report that observed no survivors of Lactobacillus strains at
3% NaCl (Rivas et al., 2012).

In conclusion, the results of this study indicate that the examined Lactobacillus strains
present physiological functionalities of adhesion, aggregation, coaggregation, antagonism and
survival to the exposure to simulated gastrointestinal conditions, in addition to not present
hemolytic and mucinolytic activities. The potentially transferable resistance to tetracycline
showed by two (L. plantarum 53 and L. fermentum 60) of the nine examined strains warrants
further studies on the nature of this resistance before any of these strains can be considered

safe for human use. Particularly, the examined strains presented ability to survive to simulated
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gastrointestinal conditions in milk rather than in grape juice. These strains also presented
technological properties, as assessed by NaCl tolerance, proteolytic activity, EPS and diacetyl
production, which may direct their incorporation into selected foods. Overall, the strains L.
fermentum 139, L. fermentum 263 and L. fermentum 296 showed the best performance for
most of the evaluated properties. Therefore, these results indicate that wild Lactobacillus
strains isolated from fruit processing byproducts could be candidates for use as probiotics and
enable the development of probiotic foods with distinct characteristics because of their

technological characteristics.
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Table 1. Minimum inhibitory concentration (ug/mL) of different antibiotics against Lactobacillus strains isolated from fruit processing

byproducts.
Strains Antibiotics
Ampicillin Chloramphenicol  Clindamycin Erythromycin  Gentamycin  Kanamycin Tetracycline

L. plantarum 53 <0.125°3 <25 <0.125° >1024R 512R 128R 16R
L. fermentum 56 <0.125°% <25 <0.125°% >1024R 1024R 128R 83
L. fermentum 60 <0.125°% <25 gR 32R 128R 256 R 32R
L. paracasei 106 <0.125°% <25 <0.125°% <2 R 32R 256 R <25
L. fermentum 139 <0.125°% <25 055 256 R 64 R 256 R 8s
L. fermentum 141 <0.125°% <2° 05° >64 R 32R 256 7 43
L. fermentum 250 <0.125°3 <25 0.5% >64 R 128R 512R 83
L. fermentum 263 <0.125°% <253 <0.125°% 64 R 16 ° 128R 83
L. fermentum 296 <0.125° <25 <0.125° 32R <25 32° <25

Resistant ® or Sensitive © profile based on the cut-offs recommended by EFSA (2012).
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Table 2. Counts (n = 9, average values + standard deviation; log cfu/mL) of different Lactobacillus strains isolated from fruit processing byproducts when

challenged with different pH values and bile salt concentrations (w/v) for different exposure time periods.

Strains pH values

Control (pH 7.2) pH 2 pH 3 pH5

1h 2h 3h 1h 2h 3h 1h 2h 3h 1h 2h 3h
L. plantarum 53 6.4 +0.242 6.1+ 0.3 6.6 + 0.2Abc 3.3+0.28b <1+0.0" <1+0.0% 6.3 +0.2Bbc <1+0.0% <1 +0.0% 6.3 +0.2B2 5.7+0.3% 6.0 + 0.2AB¢
L. fermentum 56 6.4 +0.3% 6.7 + 0.2Abcd 6.3 + 0.5 5.7 £ 0.4B¢ <1+0.0" <1+0.0% 6.6 +0.28¢ <1+0.0% <1 +0.0% 6.3 +0.3Bab 6.1 +0.2B¢ 5.5+0.240
L. fermentum 60 6.7 £0.242 6.4 + 0.3A 6.4 + 0.8Aabcd <1+0.0% <1+0.0" <1+0.0% 6.2 +0.2Bbc <1+0.0% <1 +0.0% 6.9 + 0.3A0 6.8 + 0.24ef 6.6 +0.2Ad
L. paracasei 106 6.8 £0.5°% 7,0+ 0.2Acd 6.5 + 0.4A%¢ <1+0.0% <1+0.0% <1+0.0% 59+028%  <1+0.0M <1+0.0M 7.1+0.48¢ <1+0.0M <1+0.0M
L. fermentum 139 6.8+ 0.4 6.6+ (0.3Acd 5.6+ (0.2A 5.2 +0.3B¢ <1+0.0" <1+0.0M 6.3+058% 55+0580 <1+ 0.0 6.7 £0.584c 53 +0.2Bcd <1 +0.0°
L. fermentum 141  6.3+0.2% 6.0 +0.3A 6.1 +0.2A <1+0.07 <1+0.0" <1+0.0M 6.4+0.3Cc 53+0.280 <1 +0.0% 6.4+028b 58+03c 524034
L. fermentum 250  7.3+0.3% 7.4+ 0.4 7.2 +0.8Abcd 5.3 +0.28¢ <1+0.0% <1+0.0% 7.0 £0.68¢ <1 +0.0M <1+0.0% 7.2 +0.44¢ 7.1+ 0.2AF 7.1+0.20e
L. fermentum 263  7.5+05% 7.5+ 0.6°% 7.2+0.2Ad 5.4 +0.38¢ <1+0.0% <1+0.0% 6.7 +0.68% <1+0,0° <1+0.0% 7.2 +0.3A¢ 7.2 +0.2AF 7.0 +£0.4Ade
L. fermentum 296 6.7 0.4 67 +(5Abcde 594 (34 5.2 +0.28¢ 52+0.28b  47+0.2/ 5.5+ (0.2B2 5.1+0.4”B> 48 +(0.3 6.8 +0.3%c 5.6+ (.2Ad 6.6 + 0.2Ad
Strains Bile salts concentrations

Control (0%) 0.15% 0.3% 1%

1h 2h 3h 1h 2h 3h 1h 2h 3h 1h 2h 3h
L. plantarum 53 7.0 +£0.3A0 6.8 £ 0.3/ 6.8 + 0.2A 7.0 £0.4Ad 7.1+02A 7.1+0.2Ad 7.1+0.2%¢ 7.1 +0.4Ade 6.9 +0.2Af 7.2 +£0.3Ad 7.0 £0.3Ade 7.0 £0.24¢
L. fermentum 56 6.0 £0.242 6.4 +0.342 6.2 £0.34 5.9 +£0.2A¢ 59+05% 57+0.6°%¢ 4.9 +£0.280 4.4 +0.3% 4.2 +0.5%0 <1 +0.0% <1 +0.0M <1 +0.0M
L. fermentum 60 6.2 +0.342 6.6 +0.3% 6.5 + 0.37® 5.7 +0.3%¢ 55+0.2% 53+0.3% 5.4 +0.470 5.3 +0.24¢ 50+0.7A¢  58+0.34 5.6 +0.2/0 52 +0.7/
L. paracasei 106 7.4 +0.5A0 6.7 + 0.4A 7.0 + 0.5Aabc 7.1 +0.2Bd 6.3+0.3% 6.4+0.2~ 7.1+0.78¢ 6.6 +£0.578 6.0 £0.2Ad 7.4 +0.38d 5.8+0.2/0 5.5+0.2/0
L. fermentum 139  6.5+0.42% 6.3 +0.2A2 6.5 + 0.37® 4.7 +0.2A0 6.1+038 6.5+0.35¢ 6.7 +0.24¢ 6.4 +0.3Ad 6.1 +0.5Ae 6.6+ 0.24¢ 6.4+0.3°%¢  6.0+047
L. fermentum 141 6.4 +0.242 6.7 £ 0.4h% 6.7 + 0.3Rabc <1+0.0% <1+0.0/ <1+0.0% <1+0.0% <1+0.0% <1 +0.0% <1+0.07 <1+0.0% <1+0.0%
L. fermentum 250 7.5+0.34¢ 7.2+0.3%0 7.2 +0.24¢ 7.3 +0.484 7.1+0.28¢  6.2+0.3°° 7.5+0.8%¢ 7.3+0.2%¢ 7.2 £0.4AF 7.3 +0.5%¢ 7.4 +0.8Ade 7.4 +0.4Ac
L. fermentum 263 7.1 +£0.3A0 7.2+0.2h0 6.9 +0.3A0c 6.7 +0.38d 57+06" 6.1+024 7.0 +0.6%¢ 6.9 + 0.2Ade 6.7 £ 0.20ef 7.2 +£0.284 5.9 + 0.2A0c 6.9 + 0.3B¢
L. fermentum 296 6.7 £0.2/0 6.1 +0.442 6.4 + 0.2A 7.2 +0.484 7.2+0.38¢ 6.5+0.2A° 7.1+0.3%¢ 6.9 + 0.5Ade 6.7 + 0.4 7.1 +0.3Ad 7.3 +0.4%¢ 7.4 +0.1Ad

A-C: different superscript capital letters in the same row denote differences (P < 0.05) in counts for the tested Lactobacillus strain exposed for a pH or bile salts condition for different time intervals, based on
Tukey’s test; 2~ different superscript small letters in the same column denote differences (P < 0.05) in counts of different tested Lactobacillus strains when exposed to a pH or bile salts condition and exposure
time interval, based on Tukey’s test.
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Table 3. Physiological functionality and technological properties of different Lactobacillus strains isolated from fruit processing byproducts.

Results are expressed as average (n = 9) * standard deviation, with the exception of diacetyl production.

Strains Physiological functionalities Technological properties

Hidrophobicity (%)  Autoaggregation (%)  Coaggregation (%) EPS production (mg/L) Diacetyl production
L. monocytogenes  E. coli

L. plantarum 53 16.5 + 1.2¢ 37.9+1.84 21.8+45P 2.4+ 0.5% 46.7 +2.1° +

L. fermentum 56 19.9 +3.1% 20.5+2.5° 19.1£3.2° 76+1.8° 48.5 + 3.22 +

L. fermentum 60 17.1+0.8¢ 36.2+1.0¢ 10.2+£2.8% 30.1+4.84 43.4 +2.5° ++

L. paracasei 106 23.7+4.8° 48.4 +2.2¢ 51.8 +2.24 41.3+3.1° 58.2 + 4.0 +++

L. fermentum 139 435+ 4.7 33.8+5.14 11.3+1.12 30.5 + 5.3« 47.4 + 3.6 +++

L. fermentum 141 16.2 + 3.3« 13.6 £0.4% 34.9+28° 7.1+31° 47.0 £ 2.2° ++

L. fermentum 250 9.1+0.8® 28.6 £2.3° 31.5+2.8° 24.6 £2.0° 46.8 +4.1° ++

L. fermentum 263 10.9 + 2,43 24.9 + 2.8 18.3+3.3° 7.4+0.8 55.1 + 2.4 +

L. fermentum 296 6.7 £ 2.5% 35.0+4.81 22.3+6.4° 335+21¢ 53.3 +3.3% +

a-T: different superscript letters in the column denote differences (P < 0.05) among the tested Lactobacillus strains, based on Tukey’s test.
Diacetyl production: + (weak diacetyl producer), ++ (medium diacetyl producer) and +++ (high diacetyl producer) considering the intensity of the formed red ring.
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Table 4. Antagonistic activities of different Lactobacillus strains isolated from fruit processing byproducts against food-related bacteria as

measured by spot agar and well diffusion assays. Results are expressed in diameter (mm) of growth inhibition zones (n = 9; average + standard

deviation).
Strains S. aureus INCQS 00015 S. Typhimurium INCQS 00150  S. Enteritidis INCQS 00258 L. monocytogenes INCQS 00266 E. coli INCQS 00219
Well Spot agar Well Spot agar Well Spotagar  Well Spot agar Well Spot agar
diffusion diffusion diffusion diffusion diffusion
L. plantarum 53 4.0 £0.6° 11.0+1.0¢ 4.0+0.3¢ 8.0 £1.0% 3.0+0.2° 140+1.3> 3.0+0.3° 10.0 + 1.0¢ 3.0+1.0® 7.0+0.8¢
L. fermentum 56 4.0 +0.8° 11.0+0.8¢ 3.0+0.4% 9.0 + 1.0« 3.0%0.1° 9.0+1.02 3.0+0.5° 9.0 +0.8¢ 3.0+0.1° 7.0 +£0.6¢
L. fermentum60  5.0+0.7¢ 11.0+1.0¢ 3.0+0.1° 8.0+0.8° 2.5 +0.4% 13.0+1.0° 4.0+0.1° 7.0+£0.5°¢ 3.0+0.4° 12.0+1.0¢
L. paracasei 106 <1+0.0? <1+0.02 3.0+0.3% 10.0+0.5¢ 35+0.6° 9.0+0.8*0 20x0.5° 6.0 +0.2° 3.0+0.2° 6.0 +£0.5%
L. fermentum 139 5.0 +£0.4¢ 40+0.7° 3.0 £0.5% 10.0+1.0¢¢ 3.0 +0.5% 14.0+1.0° 2.0+0.42 7.0 £1.0% 3.0+0.3° 4.0+0.32
L. fermentum 141 <1 +0.02 6.0 +0.4¢ 25+0.2° 11.0+1.0¢ 3.0+0.4° 140+15> 2.0+0.8% 4.0 £0.52 3.0+0.5° 5.0 £ 0.5%¢
L. fermentum 250 <1 +0.0% 6.0+0.2¢ 2.0+0.1° 11.0 +0.8¢ 2.0+0.18 12.0+1.0° 25+0.5% 9.0 +0.6¢ 2.0+0.22 6.0 +£0.4¢
L. fermentum 263 2.0 + 0.5° 6.0 +0.5¢ 3.0+0.1° 6.0 +0.5° 20+0.3? 9.0+05* 3.0+0.3° 7.0 £0.8% 3.0+0.5"° 7.0+0.7¢
L. fermentum 296 <1 +0.02 7.0+1.0° 2.5 +0.8%¢ 6.0 +0.3? 2.0 +0.5® 9.0+0.7¢ 3.0+0.6° 7.0+0.4° 3.0+0.6° 5.0+0.3°
a

- 9. different superscript small letters in the same column denote differences (P < 0.05) among the different tested Lactobacillus strains, based on Tukey’s test. Growth
inhibition zone >1 mm as considered as positive antagonistic activity (Jacobsen et al., 1999).
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Table 5. Percent survival rates (n: 9; average + standard deviation) of different Lactobacillus
strains isolated from fruit processing byproducts after 24 h-exposure to different NaCl

concentrations.

Strains NaCl concentrations (w/v)

1% 2% 3% 4% 5%

L. plantarum 53 81.1 +2.5P 8.1+0.2% 7.2+0.18° 6.8 +£0.27° 6.3 +0.37°
L. fermentum 56  92.7 +0.2°¢ 83.8 + 5,5Ccd 77.7 +1.2¢¢ 32.3+4.2°¢ 13.2 + 0.6A¢
L. fermentum 60  91.4 + 0.2%° 16.6 + 3.1P° 9.2 +£0.3% 7.1 +0.6%° 5.3+0.8%°
L. paracasei 106  87.7 +4.6°® 6.4 +2.3% 4.6+0.6% 2.9+0.3% 1.7 £ 0.5%
L. fermentum 139  95.3 + 1.0F¢ 84.7 +2.2b¢ 68.9 + 4.3 29.4 +0.78¢ 11.3 £ 0.5%¢
L. fermentum 141 95.4 +0.8"¢ 91.1 +4.2Pc%¢ 847 + 0.6 59.6 +0.3%¢ 16.0 + 2.2%¢
L. fermentum 250 92.3 + 1,78« 84,0 + 3.0°° 75.7 + 2.6%¢ 42.2 +0.48¢ 15.0 + 2.5A%
L. fermentum 263  94.5 + 1.0 89.7 + 1.0Pc 81.6 + 2.7¢f 58.6 + 3.8%¢ 15.6 + 1.9A%
L. fermentum 296 95.2 + 2.85¢®¢ 91,1 +0.8P¢ 85.6 + 1.9% 425 + 2,580 7.7 + 3,97

A-E: different superscript capital letters in the same row denote differences (P < 0.05) in percent survival rates
for the tested Lactobacillus strain when exposed to different NaCl concentrations, based on Tukey’s test;

a-9: different superscript small letters in the same column denote differences (P < 0.05) in percent survival rates
among the tested Lactobacillus strains when exposed to the same NaCl concentration, based on Tukey’s test.
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S1. Counts (n = 9; average values + standard deviation; log cfu/mL) of Lactobacillus strains isolated
from fruit processing byproducts when exposed to different phases of the simulated gastrointestin