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RESUMO

Probidticos sdo micro-organismos Vvivos que conferem beneficios a saude do
hospedeiro quando administrados em quantidades adequadas e regularmente. Um
dos seus principais beneficios estd associado a sua participacdo na modulacdo da
flora intestinal. Produtos lacteos sdo reconhecidos como uma excelente fonte e
veiculo de bactérias laticas probidticas. O objetivo deste estudo foi caracterizar o
potencial probidtico e tecnolégico de 24 cepas de bactérias 4cido laticas (BAL)
oriundas de queijo de Coalho artesanal produzidos em Pernambuco. Foram realizados
testes de resisténcia ao trato gastrintestinal (TGI), atividade antimicrobiana frente a
patdgenos intestinais, capacidade de autoagregacao e coagregacao, hidrofobicidade
celular, atividade R-galactosidase, capacidade de desconjugar sais biliares pela
producdo de bile sal hidrolase (BSH), sensibilidade a antibidticos, cinética de
acidificacao, viabilidade em leite acidificado, resisténcia a aditivos e a interacdo com
fermentos comerciais. As BAL com melhores resultados foram selecionadas para
utilizac@o em iogurte produzido a nivel piloto, com monitoramento de pH e viabilidade
celular, ao longo de trinta dias, sob refrigeracdo. Das 24 cepas avaliadas, 22
permaneceram viaveis as etapas simuladas do TGI. Dentre essas, seis foram capazes
de superar todas as barreiras com reducédo de apenas um ciclo logaritmico. Duas BAL
(128 e 155) inibiram o crescimento da Listeria monocytogenes e outras duas (64 e
174) inibiram a Escherichia coli. O percentual de autoagregacao variou de 27% a 96%
e as cepas foram capazes de coagregar com Staphylococcus aureus e com E. coli
alcancando niveis de até 58% e 47%, respectivamente. Os percentuais de
hidrofobicidade variaram entre 5% e 57%. Quatro cepas (46, 60, 106 e 128) foram
capazes de produzir BSH. Uma cepa (106) foi capaz de produzir até 604 unidades
Miller de R-galactosidase. Todas as cepas foram sensiveis a cinco antibioticos e
apenas duas (37 e 98) foram resistentes a vancomicina (30 pg) e a norfloxacina (10
ug). Todas as cepas foram boas produtoras de acido com boa viabilidade nopH 4 e 5
por 30 dias. Nenhum aditivo foi capaz de inibir o crescimento das cepas avaliadas.
Duas BAL (46 e 155) foram inibidas pelos metabolitos de uma cultura starter comercial
e quatro (42, 68, 98 e 117) inibiram o desenvolvimento do fermento. As cepas 15 e
106 foram selecionadas e inoculadas como culturas adjuntas no iogurte. Ambas
demonstraram ser capazes de resistir ao processo de fabricacdo e ao armazenamento
refrigerado, mantendo um nimero de células viaveis na ordem de 10 — 107 UFC.mL"
1, 0 que permite sua utilizacdo com propdsito probidtico.

Palavras chave: queijo coalho, probioticos, bactérias acido laticas, alimento funcional.



ABSTRACT

Probiotics are live microorganisms that confer health benefits on the host when
administered in adequate amounts and regularly. One of the main benefits is
associated their participation in the modulation of intestinal flora. Dairy products are
recognized as an excellent source and a vehicle of lactic acid bacteria probiotic. The
aim of this study was to characterize the probiotic and technological potential of 24
lactic acid bacteria (LAB) strains isolated from artisanal Coalho cheese from
Pernambuco. The gastrointestinal tract resistance (TGI), antimicrobial activity against
intestinal pathogens, autoaggregation and coaggregation, cell hydrophobicity, [3-
galactosidase activity, capacity deconjugate bile salts for the production of bile salt
hydrolase (BSH), sensitivity to antibiotics, acidification kinetics, viability in sour milk,
resistance additives and interaction with commercial starters. The best LAB were
selected for use in yogurt produced as a pilot project, with pH monitoring, and cell
viability over thirty days under refrigeration. Of the 24 strains evaluated, 22 remained
viable to simulated TGI. Among these, six were able to overcome all barriers with a
reduction of only one log cycle. Two LAB (128 and 155) inhibited the growth of Listeria
monocytogenes and two (64 and 174) inhibited Escherichia coli. The autoaggregation
rate ranged from 27% to 96% and the strains were able to coagregar with
Staphylococcus aureus and E. coli reaching levels between 58% and 47%,
respectively. The hydrophobicity percentage ranged from 5% and 57%. Four strains
(46, 60, 106 and 128) were able to produce BSH. One LAB (106) was able to produce
up to 604 Miller units of 3-galactosidase. All strains were sensitive to five antibiotics
and only two (37 and 98) were resistant to vancomycin (30ug) and norfloxacin (10g).
All strains were good acid producing and had good viability at pH 4 and 5 for 30 days.
No additive was able to inhibit the growth of any strain. Two LAB (46 and 155) were
inhibited by the metabolites of a commercial starter culture and four (42, 68, 98 and
117) inhibited growth of commercial culture. Strains 15 and 106 were selected and
inoculated as adjunct cultures in yogurt. Both were able to resist the manufacturing
process and the cold storage while maintaining viable cell number in the range 108-107
CFU.mL™1, allowing its use with probiotic purpose.

Key words: coalho cheese, probiotic, lactic acid bacteria, functional food
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Capitulo 1

Introducao




1. INTRODUCAO

Atualmente, o papel da microbiota gastrointestinal na promocéao e/ou
manutencdo da saude é um fato bem consolidado pela literatura cientifica (PLE et
al., 2015; XIE et al., 2015) Entretanto, a grande complexidade deste ecossistema
dificulta o entendimento de seu funcionamento e interacdes (SANDERS, 2011,
BINNS, 2013; BUTEL, 2014) o que torna estudos relacionados a modulacao desta
microbiota com o uso de probidticos cada vez mais relevantes.

Probidticos constituem um suplemento alimentar rico em micro-organismos
vivos com efeito benéfico no hospedeiro/consumidor, ao melhorar ou manter o
balanco microbiano intestinal (LEE e SALMINEN, 2009; PAGNINI et al., 2010). A
Organizacdo das Nacdes Unidas para a Alimentacdo e Agricultura (FAO) e a
Organizacao Mundial de Saude (WHO) definem probiéticos como “micro-organismos
vivos que, quando administrados em quantidades adequadas, conferem beneficios
a saude do hospedeiro” (FAO/WHO, 2002).

Micro-organismos probiéticos conferem varios beneficios a saude do
hospedeiro. Dentre eles destacam-se como principais o auxilio na manutencéo da
barreira mucosa intestinal e o estimulo da producédo de anticorpos e atividade de
fagdcitos. Podem ainda atuar auxiliando o desenvolvimento e a maturacdo do
sistema imune entérico e sisttmico do hospedeiro (PAGNINI et al., 2010;
PASCHOAL et al., 2010).

Para ser utilizado como probidtico, o micro-organismo deve apresentar
algumas caracteristicas: ser inécuo, tolerar o baixo pH do suco gastrico, resistir a
acdo da bile e das secrecdes pancreéticas e intestinais, resistir ao processamento
de alimentos, mantendo-se viavel por longo periodo durante a estocagem e

transporte sem perder a funcionalidade, manter-se metabolicamente ativo no



intestino e ndo transportar genes que conferem resisténcia a antibioticos (SAAD,
2006; LEE e SALMINEN, 2009).

Dentre as cepas reconhecidas como probiéticos, destacam-se as bactérias
acido laticas (BAL), as quais apresentam inumeros beneficios relacionados as
caracteristicas sensoriais, tecnoldgicas, nutricionais e de seguranca dos alimentos
(DURLU-OZKAYA et al., 2001; KONIG e FROHLICH, 2009).

A auséncia de efeitos secundarios representa a grande vantagem da terapia
com probidticos uma vez que, cepas probidticos, especialmente BAL pertencentes
aos géneros Lactobacillus e Bifidobacterium, sédo geralmente reconhecidas como
seguras (Generally Recognized as Safe - GRAS) (MARTINS et al., 2005)

Apesar de existir um numero razoavel de cepas probidticas bem
caracterizadas e comercialmente disponiveis, a busca de novos micro-organismos
com propriedades benéficas a salude tem constituido, recentemente, um foco
importante de pesquisa (TODOROV et al., 2008; CEBRIAN et al., 2011; VITALI et
al.,, 2012; BOTTA et al., 2014).

Desta forma, a prospeccédo de novas cepas probidticas entre cepas oriundas
de produtos fermentados artesanais, justifica-se pela possibilidade de descoberta de
cepas particularmente promissoras em termos de beneficios a sallde humana e que
tenham bom desempenho do ponto de vista tecnoldgico boa resisténcia a condi¢cdes

de processamento e boa viabilidade no produto final.



2. OBJETIVOS

2.2. Objetivo Geral:

v Avaliar o potencial probidtico e tecnoldgico de bactérias acido laticas

isoladas de amostras de queijos Coalho de Pernambuco.

2.2 Objetivos especificos

v

v

v

Sugerir cepas de BAL como culturas potencialmente probidticas;
Identificar propriedades tecnoldgicas interessantes de cepas de BAL;
Selecionar cepas que possam ser utilizadas no desenvolvimento de
produtos lacteos funcionais;

Elaborar um iogurte funcional com bactérias selecionadas;

Avaliar, durante armazenamento refrigerado, caracteristicas fisico-

guimicas e microbiolégicas do iogurte funcional elaborado.
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3. REVISAO BIBLIOGRAFICA

3.1 Probiéticos

O termo “probiético” é derivado do grego e significa pré-vida. Este conceito
vem evoluindo desde o inicio dos anos 60 até os dias atuais. Foi usado pela primeira
vez em 1965 por Lilly e Stillwell para descrever "substancias secretadas por um
micro-organismo, que estimulam o crescimento de outro”. Em 1974, Parker utilizou
a definicdo de probioticos para denominar suplementos alimentares incluindo micro-
organismos e substancias que afetam o equilibrio da microbiota intestinal.

Em 1989, Fuller definiu probidticos como suplementos alimentares a base de
micro-organismos vivos, que beneficiam a satde do hospedeiro atravées do equilibrio
da microbiota intestinal. Em 1992, Havenaar e Huis in't Veld propuseram que 0s
organismos probidticos sao “micro-organismos viaveis que possuem efeito benéfico
sobre a saude do hospedeiro apés a ingestdo, devido a melhoria das propriedades
da microbiota”.

Schrezenmeir e De Vrese (2001) sugeriram que o termo probidético deveria ser
usado para designar preparac¢des ou produtos que contém micro-organismos viaveis
definidos e em quantidade adequada, capazes de alterar a microbiota intestinal por
meio de colonizacao, produzindo beneficios a saude.

Diversas outras definicdes de probiéticos tém sido publicadas nos ualtimos
anos, entretanto, a definicdo atualmente aceita internacionalmente é que sao micro-
organismos vivos, que conferem beneficios a salude do hospedeiro quando
administrados regularmente e em quantidades adequadas (FAO/ WHO, 2002).

As primeiras observacdes relacionadas a estes beneficios surgiram no inicio

do século 20 quando um cientista russo, Eli Metchnikoff, propds que o consumo de



leite fermentado por bactérias benéficas favorecia o revestimento do colon, diminuia
o pH intestinal levando a desaceleracdo do processo de envelhecimento. Assim,
associou a longevidade dos camponeses da Bulgaria ao consumo de leite
fermentado (GORDON, 2008; JANCOVIC et al., 2010). A partir de entdo, pesquisas
acerca das propriedades e funcionalidade de micro-organismos vivos em alimentos
vem confirmando que probidticos desempenham um importante papel nas funces
imunologicas, digestivas e respiratorias, e que podem ter um efeito significativo sobre

o alivio de doencas infecciosas.

Dentre os inumeros beneficios atribuidos a ingestdo de probidticos os que
mais se destacam séo: controle e estabilizacdo da microbiota intestinal ap6s o uso
de antibidticos; promocao da resisténcia gastrintestinal a colonizac¢ao por patdgenos;
diminuicdo da populacdo de patdgenos através da producdo de acidos acético e
latico, de bacteriocinas e de outros compostos antimicrobianos; promoc¢ado da
digestdo da lactose em individuos intolerantes a lactose; estimulacdo do sistema
imune; alivio da constipacdo; aumento da absorcdo de minerais e producdo de
vitaminas (SAAD, 2006; LEE e SALMINEN, 2009). No entanto, € importante ressaltar
gue ndo ha nenhuma espécie que proporcione todos os beneficios propostos, os
beneficios a saude sdo muito especificos de cada micro-organismo (VASILJEVIC e

SHAH, 2008).

A modulagéo e recomposicao da microbiota intestinal, e consequentemente,
prevencdo de doencas intestinais, € sem duvida o efeito benéfico da terapia com
probiotico mais estudado. A acdo mais provavel destas cepas nesta modulacéo é
decorrente da inibicdo de bactérias patogénicas, por meio da competicido por
nutrientes, liberacdo de acidos organicos, competicdo pela aderéncia ao epitélio

intestinal ou ainda pela producdo de bacteriocinas capazes de impedir o



desenvolvimento de micro-organismos indesejaveis consequentemente, inibindo a
producdo de toxinas ou invasdo das células epiteliais (SAAD, 2006; LEE e

SALMINEN, 20009).

Outro beneficio em evidéncia é a capacidade do probidtico alterar a resposta
imune do hospedeiro. Paineau et al. (2008) relataram a producao de imunoglobulina
como resposta imune a vacinacdo da colera em humanos adultos que ingeriram até
2x101° UFC de bactérias probidticas e relataram um aumento significativos nas

concentracdes séricas de imunoglobulina (1g).

Ho et al. (2011) constataram que 0s niveis totais de IgA e IgG foram
significativamente mais elevados no soro de animais que consumiram cepas
potencialmente probidticas durante 28 dias quando comparados ao grupo controle.
Estes autores observaram que a ingestéo de probioticos estimulou a imunidade local
com a producao de imunoglobulina, impedindo a infeccdo por bactérias patogénicas

como a Salmonella typhimurium.

Beneficios relacionados a prevencdo de doencas decorrentes da oxidacao
celular também tem sido relatado na literatura cientifica. Amaretti et al. (2013)
caracterizaram o potencial antioxidante de cepas de Lactobacillus e Bifidobacterium
e revelaram que, quando administrada em doses de pelo menos 108 UFC/dia, estas
bactérias podem contribuir para prevenir e controlar varias doencas associadas com

0 estresse oxidativo.

Apesar do aumento constante nas pesquisas, 0S mecanismos pelos quais 0s
probidticos exercem os efeitos benéficos ainda ndo estdo bem elucidados. Contudo,
alguns fatores podem estar associados a tais efeitos: producéo de acidos organicos

(diminuicdo do pH), competicdo com patdégenos por sitios de ligacdo, atividade



antagonista sobre patdégenos por meio da producédo de compostos antimicrobianos,
producao de enzimas (bile sal hidrolase, B-galactosidase), sintese e aumento da
disponibilizacdo de nutrientes (hidrolise de proteinas e lipidios), estimulo de células
imunomodulatérias, reducado da atividade de enzimas que ativam a carcinogénese e
inibicdo do crescimento ou apoptose de células tumorais (VASILJEVIC e SHAH,

2008; VENTURA et al., 2009).

No passado, o trato gastrointestinal humano foi considerado a principal fonte
potencial de bactérias probidticas (ESPINOZA E NAVARRO, 2010). Atualmente, a
comunidade cientifica tem chamado a atencéo para diferentes matrizes alimentares,
tanto de origem lacteas como néo lacteas, e vem caracterizando a microbiota latica
autoctone destes alimentos como cepas potencialmente probiéticas.

Todorov et al. (2008) identificaram propriedades probioticas de cepas isoladas
de boza, uma bebida produzida a partir de cereais fermentados. Balcazar et al.
(2008) caracterizaram as propriedades probioticas de bactérias lacticas oriundas da
microbiota de peixes. Cebrian et al. (2011) caracterizaram o potencial probidtico de
cepas isoladas de queijos de ovelha.

Vitali et al. (2012) determinaram o potencial probiético de um grande niamero
de cepas de bactérias isoladas de frutos e vegetais crus. Botta et al. (2014) e Saito
et al. (2014), em estudos recentes, identificaram novas cepas probidticas na
microbiota de azeitonas e cacau, respectivamente. Santos et al. (2015), por sua vez,
avaliaram o potencial probiotico de Lactobacillus isolados de queijos de coalho do
Ceara.

Dentre os micro-organismos reconhecidos como probioticos, destacam-se 0s
pertencentes ao grupo das bactérias acido laticas (BAL). Tais bactérias, aléem de

apresentarem beneficios relacionados as caracteristicas sensoriais, tecnologicas,



nutricionais e de seguranca dos alimentos, tém sido cada vez mais estudadas por
suas propriedades benéficas a saude (BURITI e SAAD, 2007) sendo consideradas
atualmente a classe mais representativa dos micro-organismos probiéticos.
Espécies do género Lactobacillus e Bifidobacterium merecem destaque por estarem
entre as cepas que mais apresentam potencial probiotico (HOLZAPFEL e

SCHILLINGER, 2002; LEE e SALMINEN, 2009).

3.2 Bactérias acido laticas

Bactérias acido laticas sdo um grupo de micro-organismos com varias
caracteristicas em comum: sdo gram positivas, sdo imoveis, nao esporulam,
apresentam catalase negativa, ndo possuem citocromos, sao incapazes de hidrolisar
a gelatina e de produzir sulfeto de hidrogénio (LEROY e DE VUYST, 2004; JAY et
al., 2005; KONIG E FROHLICH, 2009). Caracterizam-se por possuirem o acido latico
como o principal produto final decorrente da fermentacdo da glicose (KONIG E
FROHLICH, 2009). Os principais representantes deste grupo sdo: Carnobacterium,
Oenococcus, Enterococcus, Pediococcus, Lactococcus, Paralactobacillus,
Lactobacillus, Streptococcus, Lactoshaepa, Tetragenococcus, Leuconostoc,
Vagococcus e Weissela (JAY et al., 2005).

BAL apresentam-se na forma de cocos ou bastonetes. Os cocos possuem
forma esférica, entre 0,5 e 2 um, apresentam-se em pares, tétrades ou cadeias de
namero variado. Os géneros Streptococcus, Lactococcus, Vagococcus e
Enterococcus estdo dispostos em pares ou cadeias. Leuconostoc forma células
lenticulares dispostas em pares ou cadeias, enquanto que Pediococcus e

Tetragenococcus formam células dispostas em tétrades (ALEXON, 1998).
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Por sua vez, o género Lactobacillus compreende bacilos que possuem
comprimento variavel e podem ser curvados, curtos, corineiformes ou cocobacilos
(GUGLIELMOTTI, 2003). Inclui cerca de 80 espécies reconhecidas, embora tenham
sido transferidas para o género Weissella. A divisdo classica dos Lactobacillus esta
baseada em suas caracteristicas fermentativas: 1- obrigatoriamente
homofermentativos; 2- heterofermentativos facultativos e 3- obrigatoriamente
heterofermentativos (AXELSSON, 2004).

Sao capazes de produzir um grande numero de enzimas glicoliticas,
proteoliticas e lipoliticas, transformando os nutrientes do meio em compostos com
propriedades sensoriais complexas, contribuindo significativamente na modificacéo
gradativa da estrutura e do aroma dos alimentos fermentados (KONIG E FROHLICH,
2009).

Estes micro-organismos também contribuem para a seguranca microbiolégica
dos alimentos impedindo o desenvolvimento de bactérias indesejaveis. Produzem
acidos organicos, majoritariamente acido latico, o qual promove a acidificacdo do
alimento a um pH préoximo a 4 e sdo capazes de produzir uma variedade de
compostos antimicrobianos, incluindo acidos, diacetil, peroxido de hidrogénio,
diéxido de carbono, alcool, aldeido e bacteriocinas (ROSS et al., 2002; THARMARAJ
E SHAH, 2009).

Guedes Neto et al. (2005) comprovaram a atividade antimicrobiana frente a
cepas patogénicas de bactérias laticas isoladas de queijo de coalho artesanal e
industrial de Pernambuco. Em um estudo semelhante, Freitas et al. (2013) também
avaliaram cepas de BAL oriundas de queijo coalho da Paraiba e observaram que
95% delas apresentaram halos de inibicdo sobre Salmonella enterica, Listeria

monocytogenes e Staphylococcus aureus.
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BAL estdo amplamente distribuidas na natureza, o que torna possivel isola-
las em diferentes ambientes, desde matrizes alimentares, como produtos lacteos,
carnes, vegetais, pdo de massa azeda e vinho, até superficies de mucosas humanas,
como cavidade oral, vagina e trato gastrintestinal de animais e humanos (LOPEZ-
DIAZ et al., 2000; SCHROETER & KLAENHAMMER, 2009). Entretanto, produtos
lacteos em geral continuam sendo a principal fonte de bactérias probiodticas.

Neste sentido, diversos esfor¢cos tém surgido no sentido de caracterizar BAL,
oriundas de queijos, quanto ao seu potencial benéfico a saude de homens e animais.
Zago et al. (2011) identificaram propriedades benéficas em noventa e oito culturas
de bactérias laticas isoladas de queijos italiano e argentinos. Costa et al. (2013)
caracterizaram o potencial probiotico de BAL isoladas de queijo-minas artesanal da
Serra da Canastra.

Em um estudo recente, Santos et al. (2015) identificaram propriedades
benéficas de BAL isoladas de queijos Coalho do Ceara e constataram que queijos,

especialmente os artesanais, podem ser uma excelente fonte de bactérias benéficas.

3.3 Queijo de Coalho

O queijo de Coalho é um dos produtos lacteos mais tradicionais do Nordeste
brasileiro. E produzido h4 mais de 150 anos principalmente nos estados de
Pernambuco, Paraiba, Rio Grande do Norte e Ceara. Atualmente, esta amplamente
difundido em todo o territorio brasileiro, sendo consumido tanto na forma natural,
assado ou frito, como em preparagdes culinarias (NASSU et al., 2006;
CAVALCANTE et al., 2007).

De acordo com a instrugcdo normativa n°30 da Secretaria de Defesa

Agropecuaria (SDA) o queijo de Coalho é obtido pela coagulagéo do leite, por acéo
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do coalho ou de enzimas coagulantes apropriadas, complementado ou nao pela acéo
de bactérias acido laticas selecionadas. Inicialmente, era fabricado pela adicdo de
coalho animal presente em pedacos do estbmago de animais ruminantes jovens
(moco, prea, cabrito, bezerro) ao leite. Este fato, provavelmente, Ihe conferiu a
denominacgéao de “queijo de Coalho” (AQUINO, 1983).

E um queijo de consisténcia semi dura e elastica, com textura compacta e
macia, podendo apresentar algumas olhaduras. Apresenta cor branca amarelada
uniforme, sabor brando, ligeiramente acido, podendo ser salgado, com aroma,
também ligeiramente acido, que lembra massa de queijo coagulada. (BRASIL, 2001).
Sua textura “borrachuda”, que nao derrete ao ser assado e seu sabor acido suave
sdo algumas caracteristicas bastante apreciadas pelos consumidores (CARVALHO
et al., 2005).

Possui grande importancia socioecondmica, com expressiva participacdo na
renda e geracdo de emprego. E comercializado apos sete dias de armazenamento
a 10°C (BRASIL, 2001) tendo alto valor comercial, visto que sua tecnologia de
producao € simples e o rendimento € alto (NASSU, 2006).

A legislacdo estabelece que o leite utilizado na elaboracédo de queijos deve
ser submetido a pasteurizacdo ou tratamento térmico equivalente (BRASIL, 2001).
Contudo muitos produtores rurais utilizam o leite cru e o produzem sob condi¢des
higiénico-sanitarias insatisfatorias, resultando em um produto com uma microbiota
muito especifica, a qual esta relacionada com a regido de origem da matéria-prima
e sua tecnologia de fabricacdo (CAVALCANTE et al., 2007).

Apesar de ser uma fonte de micro-organismos indesejaveis do ponto de vista
de seguranca alimentar (FEITOSA et al.,, 2008; MARIANO et al., 2008; FREITAS

FILHO et al., 2009), o queijo de coalho também é uma excelente fonte de BAL. Tais
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bactérias contribuem tanto para o desenvolvimento de caracteristicas sensoriais
desejaveis do queijo como com sua seguranca microbioldgica, impedindo o
desenvolvimento de bactérias patogénicas (GUEDES NETO et al., 2005; FREITAS
et al., 2013). Além destas propriedades atribuidas a microbiota autoctone de queijos,
BAL podem ainda apresentar muitos beneficios a saude (BURITI e SAAD, 2007; LEE
e SALMINEN, 2009).

Entretanto, a utilizacdo de BAL probiéticas no desenvolvimento de alimentos
funcionais so é possivel ap0s sua caracterizacdo. Estudos que abrangem desde a
identificacdo das cepas e sua diversidade, passando pela investigacdo de suas
caracteristicas tecnolégicas e funcionais, resisténcia aos processos de conservacao
e armazenamento, bem como seu desempenho na elaboracdo dos produtos
desejados sdo fundamentais neste processo de caracterizacdo (UGARTE et al.,

2006; MATHARA et al., 2008; VINDEROLA et al., 2008).

3.4 Caracterizacdo de probiéticos

Em geral, do ponto de vista da seguranca alimentar, bactérias laticas séo
consideradas seguras. Por este motivo tém sido utilizadas como cepas probiéticas
em uma grande diversidade de produtos disponiveis no mercado. Contudo, tais
micro-organismos devem ser usados com precaucao em certos grupos de pacientes,
particularmente recém-nascidos prematuros ou com deficiéncia imune (BOYLE et
al., 2006).

E importante ressaltar que para ser utilizado com seguranca em alimentos
funcionais, a cepa probidtica deve apresentar algumas caracteristicas importantes.

Devem ser capazes de sobreviver as barreiras encontradas no trato gastrintestinal,
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tolerar o baixo pH do suco gastrico e resistir a acdo da bile e das secrecdes
pancreaticas; ndo devem transportar genes transmissores de resisténcia a
antibioticos, assim como resistir a fagos (HOLZAPFEL e SHILLINGER et al., 2002).
Devem ainda se manter viaveis por longo tempo durante a estocagem e transporte
e possuir propriedades tecnologicas desejaveis (SALMINEN, 1998; VINDEROLA et
al., 2002).

Além destas caracteristicas ja citadas, € interessante que uma bactéria
probiotica seja capaz de colonizar, mesmo que transitoriamente, o intestino humano
(MOMBELLI e GISMONDO, 2000), participando da microbiota e exercendo
atividades benéficas (MATHARA et al., 2008). Adicionalmente, caracteristicas
fisiolégicas como habilidade de desconjugar sais biliares e acdo antagonista frente a
patdgenos intestinais estédo entre propriedades desejaveis para serem considerados
como probidticos.

Ensaios “in vitro” e “in vivo” com modelos animais, sdo fundamentais para
fornecer dados importantes sobre as caracteristicas de micro-organismos
potencialmente probioticos, sendo recomendados pela FAO/WHO (2002). Testes
abrangendo a resisténcia as barreiras do trato gastrintestinal, capacidade de adeséo,
atividade antibacteriana, producao de enzimas e resisténcia a antibioticos vem sendo

cada vez mais utilizados por autores em varias pesquisas.

3.4.1 Resisténcia as barreiras do trato gastrintestinal

O fornecimento de bactérias probidticas com o objetivo de alterar a flora
intestinal estabelecida em criancas e individuos adultos € um processo mais
complexo do que se supunha, pois, estes micro-organismos se deparam, logo de

inicio, com a estabilidade do ecossistema do trato gastrointestinal (TGI).
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O TGI humano é considerado um ambiente bastante complexo (SANDERS,
2011; BUTEL, 2014). Permanece estéril até o nascimento do individuo e a primeira
colonizacdo ocorre apos contato com a vagina da mae, meio ambiente e microbiota
fecal (ALDERBETH et al., 2000; BINNS, 2013). Quando a microbiota adulta se
estabelece, mais ou menos aos 2-3 anos de idade, ela é relativamente estavel em
um mesmo individuo, mas ainda pode ser influenciada pela dieta, doencas, uso de
medicamentos (principalmente antibidticos) e envelhecimento (BINNS, 2013).

Em geral, a microbiota intestinal pode ser dividida em dois grupos: microbiota
resistente e microbiota transitéria. No primeiro grupo estdo micro-organismos
considerados fixos, encontrados com regularidade em determinada area e idade do
individuo; no segundo estao micro-organismos oriundos do meio ambiente, em geral
nao patogénicos, que permanecem no intestino por horas, dias ou semanas e sao
considerados de pouca importancia (SANDERS, 2011; BINNS, 2013).

Micro-organismos probioticos participam da microbiota intestinal de forma
temporaria, embora alguns deles possam pertencer a espécies que também séo
organismos colonizadores nativos. Alguns probidticos, embora ndo todos, também
sdo capazes de aderir as células intestinais, se replicar e persistir no intestino, pelo
menos temporariamente, mas desaparecem alguns dias ap0s a interrupcao de sua
ingestédo (BINNS, 2013).

Devido a sua complexidade, o TGl humano possui inUmeras barreiras que
podem ser consideradas como mecanismo de defesa do organismo frente a micro-
organismos indesejaveis (SANDERS, 2011). Entretanto, levando em consideragao
que para que uma cepa probidtica possa exercer seus efeitos benéficos ela precisa
sobreviver a passagem pelo TGl humano e estar presente em quantidade suficiente

no intestino, a superacao destas barreiras pode ser considerada um importante
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critério na selecéo de probidticos (VINDEROLA e REINHEIMER, 2003; HUANG e
ADAMS, 2004).

Apoés serem ingeridas, o primeiro obstaculo encontrado pelas bactérias é o
estbmago. Neste ambiente, aproximadamente 2,5 L de suco gastrico a um pH de 2,0
€ secretado diariamente e, apesar de ser fundamental para o inicio da digestao dos
alimentos, o baixo pH deste suco torna-se uma grande barreira, visto que poucas
sao as que conseguem sobreviver a este ambiente acido. Ainda assim, no estbmago
de um adulto saudavel, pode haver até 10° bactérias para cada mililitro (mL) de
conteudo gastrico, sendo os principais habitantes os lactobacilos, enterococos,
helicobactérias e bacilos (BINNS, 2013).

As condicBes adversas do intestino delgado também sdo uma dificuldade que
bactérias probidticas devem superar. Nesta etapa tais micro-organismos entram em
contato com sais biliares e pancreatina que, em geral, sdo toxicos para as bactérias
(HUANG e ADAMS, 2004; BINNS, 2013).

Tendo em vista o exposto, diversos estudos relacionados a resisténcia de
probidticos ao transito gastrico tém sido conduzidos, tanto com suco gastrico
simulado quanto com sucos gastricos de humanos ou de animais.

Pitino et al. (2010) investigaram, com testes “in vitro”, a capacidade de seis
cepas de Lactobacillus rhamnosus, oriundas de queijo, sobreviverem ao trato
gastrointestinal superior humano. Estes autores observaram que todas as cepas
testadas mostraram elevada taxa de sobrevivéncia, tanto durante digestédo gastrica,
como na duodenal, e concluiram que o acido latico produzido pelas cepas pode

auxiliar nesta resisténcia.
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Zago et al. (2011) observaram que cepas de Lactobacillus plantarum, oriundas
de queijos, mostraram uma boa adaptacédo ao suco gastrico simulado, no entanto,
eles apresentaram de moderada a baixa tolerancia a bile.

Por outro lado, Capra et al. (2014) relataram uma diminuicdo da viabilidade
celular de cepas de Lactobacillus ap6s a incubacdo em suco gastrico simulado,
obtendo, no final das condi¢cdes simuladas do TGI, contagens celulares variando
entre 10° e 10° UFC mL%, o que representou uma queda de 3 a 5 ordens

logaritmicas.

3.4.2 Capacidade de adeséo

A adesdo as células epiteliais do intestino pela bactéria probidtica é
considerada um pré-requisito para a colonizacdo (mesmo que transitéria) do intestino
do hospedeiro. E também um critério importante na sele¢do de cepas probidticas,
uma vez que a adesdao evita sua eliminacdo imediata, prolongando sua permanéncia
no intestino e favorecendo sua ac¢éao relativa aos efeitos benéficos (KOS et al., 2003;
COLLADO et al., 2007). Acredita-se ainda que esta propriedade esteja relacionada
ao aumento da habilidade de estimulacéo do sistema imune (SCHILLINGER et al.,
2005).

Bactérias sao capazes de aderir em diferentes partes da superficie da mucosa
intestinal: células epiteliais, camada de muco e/ou matriz extracelular. As adesinas
destacam-se como compostos mediadores da adesdo. Séo classificadas de acordo
com o alvo da mucosa intestinal, com sua localizagédo e com a forma em que se
encontram ancoradas na superficie bacteriana (VELEZ et al., 2007).

Varios mecanismos estdo envolvidos na adesdo de micro-organismos as
células epiteliais do intestino (VINDEROLA e REINHEIMER, 2003). Algumas

caracteristicas fisico-quimicas das células, entre elas a natureza hidrofébica da
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superficie dos micro-organismos, tém sido associadas a ligacdo das cepas a mucosa
intestinal (KIELY e OLSON, 2000; DEL RE et al., 2000; VINDEROLA e
REINHEIMER, 2003). A capacidade de adesdo da bactéria a diferentes
hidrocarbonetos tem sido avaliada como uma forma de estimar a habilidade de uma
cepa em aderir a células epiteliais (KIELY e OLSON, 2000; VINDEROLA et al., 2003)

Vinderola e Reinheimer, (2003) e Todorov et al. (2008) avaliaram a
capacidade de bactérias laticas em aderir ao n-hexadecano e verificaram que o
percentual de hidrofobicidade celular das cepas alcancou niveis de
aproximadamente 32 e 30%, respectivamente. Por outro lado, utilizando o mesmo
hidrocarboneto, Zago et al. (2011) obtiveram indices de até 80% na hidrofobicidade
celular das cepas laticas avaliadas, indicando uma maior probabilidade de adeséo
as células epiteliais.

Por conseguinte, a capacidade de se autoagregar e coagregar também
representam mecanismos importantes relacionados a aderéncia celular, pois podem
formar barreiras que previnem a colonizacao por cepas patogénicas (DEL RE et al.,
2000). Mesmo néo estando bem elucidada, a habilidade da cepa probiética em se
autoagregar também tem sido relatada como uma propriedade importante na
aderéncia as células epiteliais do intestino (COLLADO et al., 2007). Micro-
organismos que se coagregam com outras bactérias, por exemplo, com patdgenos,
também sdo interessantes no ponto de vista da seguranca, e podem ter grandes
vantagens sobre 0s que ndo se agregam e que sdo facilmente removidos do

ambiente intestinal.

3.4.3 Atividade antagonista

Em geral, bactérias patogénicas sdo importantes agentes causadores de

doencas. Desta forma, € desejavel que BAL com potencial probidtico proteja o
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hospedeiro contra bactérias patogénicas sendo essa uma caracteristica de grande
interesse para sua selecao (SAAD, 2006).

Esse efeito protetor, em geral, relaciona-se a competicdo por nutrientes com
inibicdo da producdo e/ou acdo de toxinas (DE VUYST & LEROY, 2007;
CHEIKHYOUSSEF et al., 2008), producao de substancias antibacterianas como:
peréxido de hidrogénio, dioxido de carbono, diacetil, acetaldeido, substancias
antimicrobianas de natureza protéica, denominadas bacteriocinas (SUSKOVIC et al.,
2010), decréscimo de pH do meio resultante da producdo de acidos (PIARD et al.,
1999) inibicdo da adesdo dos patdgenos a mucosa intestinal, (CZERUCKA e
RAMPAL, 2002), modulacdo da microbiota do intestino ou do sistema imune do
hospedeiro (BUTEL, 2014) e estimulo do peristaltismo e da maturacdo e renovacao

das células epiteliais do célon (McFARLAND, 2000).

A atividade antagonista vem sendo bastante estudada e tem sido descrita em
varios estudos relacionados as cepas potencialmente probidticas. Tharmaraj e Shah
(2009) avaliaram, utilizando diferentes técnicas, a atividade inibitéria de bactérias
probidticas contra bactérias patogénicas e deteriorantes e observaram gue acidos
organicos (acido acético, lactico, formico, propiénico, butirico, acido benzdico e
fenilatico) foram responsaveis pela inibicdo detectada. Tais autores concluiram que
que bactérias formadoras de esporos foram inibidas com maior intensidade quando
comparadas as ndo formadoras de esporos.

Tejero-Sarifiena et al. (2012) investigaram as propriedades antimicrobianas
de 15 cepas probidticas pertencentes aos géneros Lactobacillus, Bifidobacterium,
Lactococcus, Streptococcus e Bacillus contra bactérias patogénicas Gram-positivas
e Gram-negativas, eles observaram que a maioria das cepas foram capazes de

produzir compostos ativos com propriedades antagonistas contra Salmonella

20



Typhimurium, Escherichia coli, Enterococcus faecalis, Staphylococcus aureus e
Clostridium difficile. Estes autores concluiram, apés neutralizar os sobrenadantes
livre de células, que um dos principais mecanismos de inibicdo foi a producéo de
acidos organicos a partir da fermentacéo da glicose e consequente reducao do pH.

Capra et al. (2014) avaliaram 10 cepas de Lactobacillus e observaram que
todas apresentaram alguma atividade inibitdria contra quatro enteropatdgenos,
Salmonella, Listeria, Escherichia coli e Staphylococcus aureus. Em relacdo a
natureza do agente, estes autores também concluiram que a inibicdo pode ser
atribuida ao acido produzido pelas cepas ou a um composto que necessita de um
ambiente acido para exercer a sua funcao.

Botta et al. (2014) relataram que a capacidade de inibir o crescimento de
Listeria monocytogenes foi um fator relevante na selegéo de cepas de Lactobacillus

plantarum como candidatas a probioticas.

3.4.4 Atividade beta galactosidase

A enzima beta galactosidase (B-gal) é responsavel pela hidrolise da lactose,
o principal carboidrato do leite, em glicose e galactose, que sdo absorvidas através
do epitélio intestinal (VASILJEVIC e JELEN, 2001; TROELSEN, 2005; HEYMAN,
2006). Esta enzima esta presente em regides da membrana interna do intestino
delgado de mamiferos jovens, incluindo o ser humano. Sua baixa atividade causa
desconfortos descritos pelo termo “intolerancia a lactose” cujos sintomas variam
desde dores abdominais e diarreia, nauseas, flatuléncia até inchaco apods a ingestéao
de lactose (VASILJEVIC e JELEN, 2001).

Individuos intolerantes a este agucar optam, muitas vezes, por excluir o leite
e seus derivados de sua dieta. Contudo, atualmente, sabe-se que a terapia com

bactérias laticas produtoras da enzima B-gal pode auxiliar nestes casos
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(VINDEROLA e REINHEIMER, 2003). Entretanto, € importante ressaltar que a
efetividade das cepas, de forma a atender a propriedade funcional de alivio inerente
ao desconforto da intolerancia a lactose, é dependente de alguns fatores, tais como:
quantidade de [B-gal produzida com consequente liberacdo no TGI, concentracao
celular no produto, e o nivel de enzima que permanece ativa apds passagem pelo
estbmago (GRANATO et al., 2010).

A presenca de atividade B - galactosidase em diferentes BAL tem sido
constantemente relatada na literatura cientifica, e isto néo € surpreendente, uma vez
gue a maioria das BAL crescem bem em meio a base de leite (SANTOS et al., 2015)

Por serem consideradas seguras, tais bactérias produzem enzimas que
podem ser utilizadas sem purificacdo (VASILJEVIC e JELEN, 2001) este fato
impulsiona cada vez mais a industria de alimentos na producéo e utilizacao de 3-gal
oriundas de BAL (XANTHOPOQULOS, 1999; HE et al., 2008).

Em 1972, Jeffrey Miller observou que a enzima [3-gal era capaz de reconhecer
0 composto sintético o-nitrophenyl-R-D-galactopyranoside (ONPG) como um
substrato, produzindo galactose e o-nitrofenol, composto de cor amarela. Este
pesquisador percebeu que quando o ONPG estd em excesso em relacao a enzima,
a producao de o-nitrofenol por unidade de tempo é proporcional a concentracdo de
B-galactosidase. Assim, concluiu que a coloracdo amarela da reacao poderia ser
utilizada para determinar a concentragdo da enzima. Em funcao disto, desde entéo,
ensaios de ONPG / B-Gal sao referidos como ensaios "Miller", e uma quantidade
normalizada de atividade (3-Gal € uma "unidade Miller".

Vinderola et al. (2003) reportaram a auséncia ou baixos valores da enzima 3

- galactosidase para cepas de Lactobacillus casei e Lactobacillus rhamnosus,
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enquanto que para as bifidobacterias os valores de atividade da enzima variaram
entre 147 e 860 unidades Miller.

Zago et al. (2011) por sua vez, avaliaram a producao de B-gal por noventa e
oito culturas de L. plantarum isoladas de queijos italiano e argentinos e observaram
gue uma cepa produziu até 1.062,14 unidades Miller da enzima.

Gheytanchi et al. (2010) estudaram a producdo de [B-gal por cepas de
Lactobacillus oriundos de leite e queijos e observaram que a producao enzimatica
foi detectada em 37% das culturas avaliadas. Santos et al. (2015) avaliaram a
capacidade de oito cepas de Lactobacillus em produzir esta enzima e observaram
gue sete apresentaram resultado positivo.

Sumathy et al. (2012) extrairam e purificaram enzima B-galactosidase
produzida por Lactobacillus, oriundos de leite e queijos indianos, para utilizarem,

posteriormente, na melhoria de produtos alimenticios.

3.4.5 Producéao de bile sal Hidrolase

A ingestéo de bactérias probidticas pode constituir uma alternativa viavel para
o auxilio no controle e prevencdo de problemas relacionados a altos niveis de
colesterol (MANZONI et al., 2008). Entretanto, os mecanismos pelos quais 0s
probioticos afetam as concentracdes de colesterol ainda ndo estdo bem elucidados.
Uma das hipéteses que tém sido propostas inclui a desconjugacédo dos sais biliares
pela enzima Hidrolase de sais biliares ou Bile sal hidrolase (BSH) (ROSSI et al.,
2000; MANZONI et al., 2008).

Os sais biliares sédo os principais componentes da bile, sdo sintetizados a
partir do colesterol pelo figado, secretados como conjugados de glicina ou taurina no

duodeno (onde facilitam a absor¢cdo de gordura) e conservados em condi¢cbes
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normais por recirculacdo entero-hepatica (NORIEGA et al., 2006; BEGLEY et al.,
2006).

Bactérias probioticas, produtoras da enzima BSH, podem desconjugar estes
sais. Por serem menos sollveis, os sais biliares desconjugados sdo menos
absorvidos no lumen intestinal e mais excretados nas fezes. Ocorre, entdo, o
aumento da demanda de colesterol para a sintese de novos sais biliares, de forma a
repor aqueles perdidos pelas fezes, consequentemente reduzindo o colesterol sérico
(LIONG e SHAH, 2005; BEGLEY et al., 2006). Estes sais desconjugados também
sdo menos eficientes na solubilizacdo e absorcao de lipidios no intestino (MANZONI
et al., 2008).

Além destes beneficios atribuidos a BSH, alguns autores também sugerem
que a atividade de desconjugacdo desempenha um papel na manutencdo do
equilibrio da microbiota intestinal visto que, essa proteina pode auxiliar bactérias
laticas a sobreviverem ao estresse biliar intestinal (DE SMET et al., 1995). Diante
disso, a capacidade de produzir esta enzima € uma propriedade desejavel em
bactérias probidticas.

Zago et al. (2011) relataram que 27 cepas de Lactobacillus plantarum oriundas
de queijos italianos e argentinos demonstraram a capacidade de hidrolisar tanto
glicodesoxicolato de sédio quanto o taurodesoxicolato de sédio Por outro lado,
Guglielmotti et al. (2007) ao avaliarem a capacidade de cepas de Lactobacillus
delbruecki isoladas de fermento latico comercial em desconjugar sais biliares de
taurocolato e taurodesoxicolato de sodio observaram que as cepas nao foram

capazes de desconjuga-los.
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3.4.6 Resisténcia a antibiéticos

BAL possuem uma longa e segura histéria de utilizacdo na producao e
consumo de alimentos fermentados e bebidas sendo consideradas, de modo geral,
GRAS. Existem poucos relatos na literatura cientifica acerca de reacdes adversas
resultantes da ingestdo desses micro-organismos (DOUGLAS e SANDERS, 2008;
FARNWORTH, 2008). No entanto, a possibilidade de transmisséo de resisténcia a
antibioticos associados aos plasmideos também tem sido uma caracteristica
bastante considerada na caracterizacdo e selecdo de novos probidticos
(FARNWORTH, 2008).

A capacidade de um micro-organismo sobreviver a exposicdo a antibiéticos,
por si s6, ndo é considerada fator de viruléncia, entretanto, infeccées com micro-
organismos resistentes podem complicar a evolugéo das doencas e colocar em risco
todo o tratamento (LEVY e MARSHALL, 2004)

Em uma populacdo bacteriana, a resisténcia a antibioticos pode ocorrer
principalmente de duas formas: mutacdo de um gene inerente a bactéria ou obtencéo
de um gene de resisténcia de outro micro-organismo. As mutacdes, que podem
causar mudancas genéticas em varias regiées do genoma, desempenham apenas
um menor papel no desenvolvimento de resisténcia (TEUBER et al., 1999; LEVY e
MARSHALL, 2004).

BAL usadas como culturas iniciadoras para a producdo de alimentos podem
conter, possivelmente, genes de resisténcia a antibidticos que podem vir a ser
transferidos para micro-organismos patogénicos e/ou deteriorantes. Por este motivo,
a auséncia destes genes de resisténcia a antibidticos €, portanto, um importante

critério de seguranca utilizado na selecdo de cepas (LEVY e MARSHALL, 2004)
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A maioria dos estudos acerca de resisténcia de BAL a antibidtico estdo
relacionados as cepas do género Enterococcus. Bactérias deste género resistentes
a vancomicina surgiram na ultima década como principais responsaveis de infec¢des
nosocomiais (MATHUR e SINGH, 2005). Entretanto, dados sobre resisténcia de
Lactobacillus e Bifidobacterium probi6ticos tém surgido com intensidade nos ultimos
anos.

D’Aimmo et al. (2007) avaliaram a resisténcia a antibioticos de 23 cepas de
Lactobacillus, 21 Bifidobacterium e 10 culturas de Streptococcus thermophillus
isoladas a partir de produtos lacteos e farmacéuticos, e observaram que todas as
cepas testadas foram sensiveis a oito antibiéticos, mas resistentes a outros seis.

Por outro lado, Liu et al. (2009) ao avaliarem a resisténcia a antibiéticos de
cepas probioticas de bactérias lacticas isoladas também de alimentos e
medicamentos comercializados, concluiram que genes de resisténcia estavam
presentes em diferentes espécies de cepas probidticas, o que representa uma

ameaca para a seguranca alimentar.

3.5 Alimentos probiéticos/funcionais

Apesar da aderéncia do micro-organismo probiético ao TGI, sua permanéncia
ocorre apenas enquanto a suplementacdo é mantida (BINNS, 2013). Com isso, a
administracdo constante de bactérias probioticas, a fim de obtencdo de resultados
inerente aos efeitos benéficos, é de fundamental importancia.

Este fato, associado a crescente busca por uma vida mais saudavel tem
impulsionado a pesquisa por cepas probidticas com potencial tecnoldgico para a
elaboracao de diferentes alimentos funcionais. Como resultado, o nimero e o tipo de

alimentos probidticos e bebidas que estdo disponiveis para os consumidores, e
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comercializado com apelos aos beneficios a saude, tem aumentado
consideravelmente (FAO/WHO, 2001).

Um grande percentual das pesquisas realizadas com culturas probioticas no
Brasil visam desenvolver alimentos probibticos tipicamente consumidos pela
populacao brasileira ou priorizar o aproveitamento de matérias-primas locais e de
subprodutos da fabricacdo de outros alimentos. Nesse sentido, ja foram elaborados
iogurtes, bebidas lacteas, sorvetes e sobremesas adicionadas de frutas tropicais e
regionais (DE ALMEIDA et al., 2008, PAULA et al., 2009; VASCONCELOS et al.,
2009; FERRAZ et al., 2012), bem como diversos tipos de queijos (SANTOS et al.,
2008; SOUZA et al., 2008; SOUZA e SAAD, 2009) incluindo o queijo de Coalho
(GARCIA et al., 2012). Entretanto, de modo geral, os iogurtes e leites fermentados
continuam sendo o0s produtos probidticos mais estudados, produzidos e
comercialmente disponiveis.

E importante ressaltar que em queijos e iogurtes, as cepas probidticas s&o
geralmente empregadas associadas a outras bactérias, principalmente as do
fermento latico. Dessa forma, torna-se importante, também, verificar se a interacao
entre elas resulta ou ndo em impacto sobre as caracteristicas do produto final,
particularmente sob o aspecto sensorial (MATTILA-SANDHOLM et al., 2002).

Para o processamento de produtos probidticos faz-se necessario uma
adequada selecdo de cepas (VINDEROLA e REINHEIMER, 2003). Um fator
importante a ser levado em consideracgao € a sobrevivéncia das bactérias probidticas
no produto alimenticio que para apresentar efeitos fisiolégicos no consumidor deve
alcancar populacgdes acima de 10® UFC.mL! (SHAH, 2000; BETORET et al., 2003).

Segundo Charteris et al. (1998) para que populacdes de 106 a 107 UFC. g cheguem
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ao intestino e atuem fisiologicamente, € necessario consumir cerca de 100g do

produto com populacdes de 108 a 10° UFC. g
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5. ARTIGOS DERIVADOS DA TESE

A seguir serdo apresentados os artigos derivados da tese submetidos para

periodicos na area.

O primeiro artigo intitulado “Characterization of probiotic properties of lactic acid
bacteria isolated from coalho cheese from Brazil” foi submetido a revista Journal

of Biotechnology

O Segundo artigo intitulado “Technological properties of lactic acid bacteria
probiotic candidate isolated from coalho cheese from Brazil” foi submetido a

revista Food Control
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ABSTRACT

The aim of this study was to characterize, with tests "in vitro", the probiotic potential
of 24 lactic acid bacteria (LAB) strains isolated from artisanal Coalho cheese from
Pernambuco, Brazil. The gastrointestinal tract resistance (TGI), antimicrobial activity
against intestinal pathogens, autoaggregation and coaggregation capacity, cell
hydrophobicity, [3-galactosidase activity, activity deconjugate bile salts for the
production of bile salt hydrolase (BSH), sensitivity to antibiotics were evaluated. Of
the 24 strains, 22 remained viable to simulated TGl. Among these, six were able to
overcome all barriers with a reduction of only one log cycle. Two LAB (128 and 155)
inhibited the growth of Listeria monocytogenes and two (64 and 174) inhibited
Escherichia coli. The autoaggregation rate ranged from 27% to 96% and the strains
were able to coaggregate with Staphylococcus aureus and E. coli reaching levels
between 58% and 47%, respectively. The hydrophobicity percentage ranged from 5%
to 57%. Four strains (46, 60, 106 and 128) were able to produce BSH. One LAB (106)
was able to produce up to 604 Miller units of [3-galactosidase. All strains were
sensitive to five antibiotics and only two (37 and 98) were resistant to vancomycin
(30ug) and norfloxacin (10g). The evaluated LAB showed promising probiotic
characteristics. Eight strains were selected for further studies. Searches involving the
technological potential of strains are being performed to investigate the possible use

of these microorganisms into a functional product.

Key words: Dairy products, coalho cheese, probiotics.
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1. INTRODUCTION

The word ‘probiotics’ originates from the Greek word ‘for life’. According to
FAO/WHO guidelines probiotics are defined as live organisms which when
administered in adequate amounts confer a health benefit on the host. This concept
refers to the viable microorganisms that promote or support a beneficial balance of
the autochthonous microbial population of the gastrointestinal tract (GIT) (Goktepe et
al., 2006). The resistance to enteric pathogens, aid in lactose digestion, anti-colon
cancer effect, small bowel bacterial overgrowth, and immune system modulation are
some of the beneficial actions of probiotics bacteria (Lee and Salminen, 2009).

Certain criteria need to be met by a bacterium to qualify as a probiotic: be
harmless for ingestion (safe), able to colonize the gut epithelium and, especially, able
to resist harsh conditions found in the gastrointestinal tract (gastric acidity, bile salts,
pepsin, pancreatin, and other enzymes) (Saad, 2006; Lee and Salminem, 2009).
Therefore, the knowledge of these characteristics is important for the evaluation of
possible positive and negative effects of probiotic consumption (Saarella et al., 2000).

In the past, the GIT was considered the main potential source of probiotic bacteria
(Espinoza and Navarro, 2010). However, the scientific community has focused
attention on fermented foods and recognized the autochthonous lactic microbiot of
different foods with probiotic potential. Thus, the search of new probiotic strains,
derived from dairy (Vinderola e Reinheimer, 2003; Cebrian et al., 2011; Zago et al.,
2011) and non-dairy (Vitali et al., 2012; Botta et al., 2014; Saito et al., 2014) is justified
by the possibility of detection strains with benefits to human health and with good
technological performance.

Coalho cheese is a semi-hard cheese, typically produced and widely consumed
in the Northeast of Brazil (Cavalcante et al., 2007). Several studies have isolated
autochthonous lactic acid bacteria (LAB) in this cheese (Freitas et al., 2013; Santos
et al., 2015) searching for strains with technological and/or probiotic features since
most probiotic bacteria belong to LAB group. The main representatives of the LAB
are Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc,
Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, and
Weissella (Jay, 2005). However, the Lactobacillus strains are characterized by large

amount of research on their probiotic potential.
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Thus, the aims of our research were to characterize the probiotic potential of 24
autochthonous strains of LAB isolated from Coalho cheese produced to Pernambuco

state, Brazil.

2. MATERIALS AND METHODS

2.1.Bacterial strains and culture conditions

LAB strains were isolated from artisanal Coalho cheese produced in the
Pernambuco state, Brazil, at stored (-80°C) in Man Rogosa Sharpe (MRS, Oxoid)
broth supplemented with 15% (v/v) glycerol. Prior to assays, strains were transferred
to MRS broth and cultivated for 37°C/24h at least three times in aerobic conditions.

2.2.Resistance to simulated gastrointestinal

To verify the strains tolerance to GIT a sequence of tests simulating
gastrointestinal conditions were used according to Burns et al., (2011) with
modifications. LAB were inoculated into saliva solution (CaCl2 0.22 g L%, NaCl 16.2
gL?, KCI2.2gLtand NaHCO31.2 g L) containing bovine pepsin 0.3% w/v (Sigma-
Aldrich). Immediately, after mixture, the pH was quickly lowered to 2.0, with HCI 5N
and incubated in a water bath for a period of 90 min at 37°C. After simulated saliva-
gastric digestion, 1 mL of sample was centrifuged at 4.000 g, 5 min, 5°C, the
supernatant were removed, the pellet was washed twice with phosphate buffered
saline (PBS) buffer (pH 7.4) and resuspended to the original volume in 1% (w/v)
bovine bile (Sigma-Aldrich) at pH 8.0. Cell suspension was incubated in a water bath
for 10 min/37°C. After this incubation, a volume was centrifuged, the supernatant
removed, and the pellet was washed as described above and resuspended to the
original volume in 0.3% (w/v) bovine bile 0.1% (w/v) pancreatin (Sigma-Aldrich) at pH
8.0. Again, cell suspension was incubated in a water bath at 37°C/90min. Cell viability
was monitored before the beginning of the first test and at the end of each stage by

plating on MRS agar and incubation at 37°C/48h. The test was performed in triplicate.
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2.3. Antimicrobial activity

Antimicrobial activity of LAB against intestinal pathogens (Listeria
monocytogenes ATCC 7644, Salmonella thyphi ATCC 6539, Staphylococcus aureus
ATCC 25923 and Escherichia coli ATCC 35218) was evaluated by the well-diffusion
agar assay according to Vinderola et al. (2008) with modifications. Cell-free
supernatants (CFS) of LAB were obtained by centrifugation of overnight cultures
(12000g, 5min, 5°C), and sterilization by filtration through a 0.22mm pore filter
(Millipore). Tubes with 20 mL of nutrient agar (Merck) (for Salmonella typhi, S. aureus
and E. coli), or Brain heart infusion (BHI) agar (Merck) (for L. monocytogenes), melted
and cooled to 45°C, were inoculated (2%, v/v) with pathogenic cultures (ODseo 0.8),
vigorously homogenized and poured onto Petri dishes. Wells of 10mm in diameter
were made in the agar layer of plates containing pathogens, and 180uL of the CFS
from each strain were placed in a well. Plates were incubated overnight at 37°C and

the diameters of the inhibition halos were measured.

2.4. Autoaggregation and coaggregation with pathogens strains.

Autoaggregation and coaggregation assays were performed according to Kos
et al., (2003) modified as follows. Cell suspension of each LAB (approximately 108
CFU.mLY) was prepared to determine autoaggregation and coaggregation. Tubes
containing only the LAB and tubes with LAB and pathogenic bacteria (S. aureus
ATCC 25923 and E. coli ATCC 35218) were vigorously mixed (10 seconds) and then
left at room temperature (20°C) for 5 hours. An aliquot of cell suspension was picked
up every each time and absorbance (ODsoo) was measured. The autoaggregation
percentage is expressed as 1 - (A/Ao) * 100, where A: represents the absorbance at
timet=1, 2,3 or4 h and Ao the absorbance att = 0. The percentage of coaggregation
was calculated using the equation of Handley et al., (1987) as [1- 2Amix/(Aprobio+
Apathog)]*100, where Aprobio and Apathogen represented each of the two strains in the

control tubes and Amix denoted the mixture.
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2.5. Hydrophobicity

The cell hydrophobicity was determined according to Vinderola and
Reinheimer (2003). Cultures of the strains were harvested in the stationary phase by
centrifugation (120009, 5min, 5°C), washed twice in 50mM of K2HPOa4 (pH 6.5) buffer
and resuspended in the same buffer. The cell suspension was adjusted to an A560nm
value of approximately 1.0 (ODseo 1.0) with the buffer and 3 ml of the bacterial
suspensions were put in contact with 0.6ml of n-hexadecane (Merck Schuchardt,
Germany) and vortexed for 120s. After separating the two phases, the aqueous
phase was carefully removed and the A560nm was measured. The decrease in the
absorbance of the aqueous phase was taken as a measure of the cell surface
hydrophobicity (H %), which was calculated with the formula H %=[(Aoc—A)/A0]*100,
where Ao and A are the absorbance before and after extraction with n-hexadecane,
respectively. Assays were performed in triplicate.

2.6.3-galactosidase activity

[} -galactosidase activity (3 - gal) in whole cells was determined according to
the method of Miller (1972) modified by Vinderola and Reinheimer (2003). Overnight
cultures of strains were harvested in the stationary phase by centrifugation (12000g,
5min, 5°C), washed twice in 60 mM NazHPO4.7H20/40 mM NaH2POa buffer (pH 7.0),
inoculated (1% v/v) in MRS-lac broth and incubated at 37°C for 24h. After incubation
period, cells were harvested and washed twice as previously described and A560nm
was adjusted to approximately 1.0 (ODseo 1.0) with the same buffer. One milliliter of
the cell suspension was permeabilized with 50uL of toluene/acetone (1:9 v/v)
solution, vortexed for 7 min and immediately assayed for [3 -galactosidase activity. An
aliquot of 100 pl of the permeabilized cell suspension was placed in a tube and 900
ul of phosphate buffer and 200ul of o-nitrophenyl-b-D-galactopyranoside (ONPG,
Sigma) (4 mg mlt) were added. Tubes were placed into a water bath (37°C) for 15
min. Then, 0.5 ml of 1M Na2COs was added to each tube to stop the reaction.
Absorbance values at both 420 and 560nm were recorded for each tube. Enzymatic
activity (3 -gal; Miller units) was calculated as follows: 1000x
[(A420*1.75*As60°)/(15min*1ml*Ase0?)], where Aseo® was the absorbance just before

assay and Aseso® was the absorbance value of the reaction mixture.
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2.7. Bile salt deconjugation ability

The activity of the strains to produce bile salt hydrolase (BSH) was determined
according to Zago et al., (2011). Bile salt plates were prepared by adding 0.5% (w/v)
of sodium salts (Sigma) of taurocholic acid (TC), taurodeoxycholic acid (TDC),
glycocholic acid (GC) and glicodeoxycholic acid (GDC) to MRS agar containing 0.37
g/l CaClz. The strains were streaked on the media and the plates were anaerobically
(Anaerocult® A - Merck Millipore) incubated at 37°C for 72 h. The presence of halos
around colonies or white opaque colonies indicated BSH activity. Enterococcus
faecium ATCC 6569 was used as BSH-positive strain. The inoculum of each strain in

MRS without supplementation was included as negative control.

2.8. Antibiotic resistance

Disc diffusion method was used to evaluate the antibiotic susceptibility of LAB.
Tests were done according to the criteria of the National Committee of Clinical
Laboratory Standards (NCCLS, 1997) with modifications. Cells were grown in MRS
broth at 37°C for 18h to obtain a density of approximately 107 cells/ml. Cell
suspension were inoculated in MRS agar plates with the aid of a sterile “swab”.
Antibiotic discs were dispensed on to the media and incubated at anaerobic
conditions at 37°C for 24h. Seven discs (LABORCLIN®) of antibiotics were tested:
ampicillin - (AM  10ug), erythromycin (E 15pg), vancomycin (VA 30ug),
chloramphenicol (C 30ug), tetracycline (TE 30ug) streptomycin (S 300ug) norfloxacin
(NOR 10pg). Inhibition-zone diameters were measured after incubation and
susceptibility is expressed in terms of resistance (R), moderate susceptibility (MS),
and susceptibility (S), based in CLSI guidelines M100- S15 for the standard strains

(NCCLS). Each experiment was performed in triplicate.
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3. RESULTS AND DISCUSSION

3.1. Resistance to simulated gastrointestinal

LAB strains evaluated showed high resistance to the combined stress at the
various steps of the simulated gastrointestinal tract. All strains survived to simulated
gastric juice and exposure to pH 2.5 and duodenal juice simulated (Table 1).
However, 22 LAB remained viable after the passage to simulated GIT conditions. Six
strains (15, 16, 37, 126, 143 and 174) were able to overcome all barriers with a

reduction of until one log cycle (Figure 1).

Several authors have reported the resistance to TGI of strains isolated from
different sources. Vitali et al. (2012) reported that 17 of the 48 (35%) autochthonous
lactic acid bacteria from raw fruits and vegetables survived under simulated gastric
and intestinal conditions maintained high cell densities (decreased from 10° to 10’
CFU mL?). In a recent research, Saito et al. (2014) concluded that strains of
lactobacilli isolated from the fermentation of cocoa survived the barrier of simulated
TGl and Lactobacillus fermentum showed higher resistance than Lactobacillus
plantarum to the simulated gastrointestinal digestion at pH 3, losing only
approximately one log order of cell viability. Pitino et al. (2010) also observed good
capacity of the probiotics strains to survive and grow during digestion and concluded
that the lactic acid production, probably produced from probiotic strains as end

product of sugar, can assist resistance of the strains.

In our study, major decreases in the viability of strain cells (around 4 log orders)
were registered after the incubation with bile, with cell counts at the end of the
simulated GIT conditions between 102 and 10° CFU.mL* Guglielmotti et al. (2007)
also reported poor bile resistance of commercial strains, in the presence of 0.3% bile

strains grew only from 3.4% to 15.1% in comparison to the control.

To exhibit their beneficial effects, probiotic bacteria need to reach its final
destination, it is necessary to be tolerant to acid and bile salts (Lee and Salminen,
2009). Thus, ability to survive the stress of GTlI is the first requirement for a probiotic
bacterium. Results obtained in the present study provide information on principal
factors affecting the viability of the tested strains, such as the initial pH of the stomach

and its decrease during gastric digestion.
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3.2. Antimicrobial activity

Cell-free supernatants from two microorganisms (strains 128 and 155) showed
antimicrobial activity against L. monocytogenes ATCC 7644. The inhibitory zones
was 5.3 mm (strain 128) and 8.1 mm (155). Other two (strains 64 and 174) inhibited
the growth of E. coli ATCC 35218. The inhibition were 4.2 mm (64) and 6.3 mm (174).
Salmonella typhi ATCC 6539 and S. aureus ATCC 25923S was not inhibited by LAB
evaluated.

Development of mechanisms to survive in competition with other
microorganisms in the complex GIT is a desirable feature in probiotic strain. Guedes
Neto et al. (2005) also observed in your research antagonistic activity of the lactic
acid bacteria against pathogens isolated from artisanal and industrial “coalho” cheese
samples, as well as against pathogenic strains from other sources. Vinderola et al.
(2008) reported inhibition zones in plates with pathogenic microorganisms,
Salmonella and L. monocytogenes were the most sensitive since they were clearly

inhibited by 52% of the probiotics strain evaluated.

LAB strains, as probiotic agents, to interfere with pathogens by different
mechanisms associated with competition for nutrients and production of antimicrobial
substances (Balcazar et al., 2008; Lee and Salminem, 2009). The inhibition observed
in our study probably was organic acid production, such as lactic acid or acetic acid,
requiring further studies to indicate the cause of inhibition.

3.3. Autoaggregation and coaggregation.

LAB evaluated showed autoaggregation percentage ranging from 27.27%
(strain 99) to 96.43% (strain 155) (Table 2). Strains tested showed the best
coaggregation result with S. aureus, where reached levels of 58.33% of coaggregated
bacteria (strain 42), for E. coli the best result of coaggregation was 47.83% with strain
46 (Table 1).

Our results are similar to results reported by several studies with high

percentage of autoaggregation and moderate coaggregation. Jankovi¢ et al. (2012)
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investigated the aggregation and coaggregation ability of three potential probiotic
strains of Lactobacillus plantarum and observed that after 24 hours of broth
cultivation, the autoaggregation rate was at least 80% and coaggregation with E. coli,
S. Typhimurium and L. monocytogenes was 41,5%, 40,5%, 37,4%, respectively.
Balakrishna, (2013) evaluated the adhesion and aggregation abilities of four potential
probiotic Lactobacillus strains isolated from guppy and observed aggregating
immediately of three strains, reaching 96% and forming a precipitate and resulting in
a clear solution. However, these strains were able of aggregate only 27% with

Flavobacterium sp.

On other hand, Saran et al. (2012) evaluated Lactobacillus strains obtained
from the National Collection of Dairy Cultures (NCDC) and reported sedimentation
rate of strains with level 35-38% after 3h incubation and 40-43% after incubation of
5h.

Autoaggregation of probiotic strains is the first step for adhesion to intestinal
epithelial cells and has been considered a prerequisite for colonization in the
gastrointestinal system (Kos et al., 2003; Jankovi¢ et al., 2012). Moreover, bacteria
with co-aggregation abilities may form a barrier preventing colonization by pathogenic
microorganisms (Del Re et al., 2000; Collado et al., 2007; Todorov et al., 2008).

3.4. Hydrophobicity

LAB evaluated presented levels of hydrophobicity ranged from 5.13% (strain
155) to 57.61% (strain 15) (Table 2). Guglielmotti et al. (2007) found similar results
and reported cell hydrophobicity Lactobacillus strains ranged from 6.5 to 62.5%.
Vinderola et al. (2008) also investigated the cellular hydrophobicity of bacteria of the

same genus and values reported by these authors ranged 15 to 53%.

Cell surface hydrophobicity is a nonspecific mechanism associated to complex
process of adhesion to different surfaces (Kos et al., 2003; Lee and Salminem, 2006,
Todorov et al., 2008). This feature may affect autoaggregation and consequently
adhesion of bacteria to the intestinal mucosa. So, is an important prerequisite for
probiotics to control the balance of the intestinal microbiota, to successful colonization
and, thereafter, beneficial effects will last longer in gastrointestinal tract (Kos et al.,
2003). The adhesion of microorganisms to the hexadecane is a way to estimate the

ability of a strain to adhere to epithelial cells (Vinderola et al., 2008).
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3.5. 3-galactosidase activity

A total of 20 strains tested were able to produce (3-galactosidase enzyme. The
3-galactosidase values found ranged 2 to 604 Miller units (strain 46) (Table 2). The
results found in our study were higher than those found by other researchers. Shukla
et al. (2014) reported that Leuconostoc mesenteroides evaluated showed f3-
galactosidase activity with 94.24 Miller. On the other hand, the [3-galactosidase
activity values observed for strains evaluated were lower than those previously
reported by Vinderola et al. (2003) and by Gheytanchi et al. (2010) where highest

enzymatic value was observed.

Ingesting probiotic microorganisms producing this enzyme would aid in
solution of the problems of discomfort that occurs after digestion of lactose in the

intestine.

3.6. Bile salt deconjugation ability

Strains evaluated presented halos around colonies after growth in MRS-GDCA
(106 and 128) and white opaque colonies after growth in MRS-TDCA (46, 60, 106
and 128), evidencing the ability to hydrolyze the sodium glycodeoxycholate and
sodium taurodeoxycholate, respectively. All microorganisms evaluated were able to
grow in the presence of sodium taurodeoxycholate, taurocholic acid and glycocholic
acid. However, five strain not show full resistance to sodium glycodeoxycholate
(Table 1).

Zago et al., (2011) reported similar results in your study. All strains evaluated
for these authors demonstrated the ability to hydrolyze the sodium glycodeoxycholate

and sodium taurodeoxycholate.

The bile salt hydrolase (BSH) activity leads to lower blood serum cholesterol
levels and has been detected in Lactic acid bacteria in several researches (Tanaka
et al., 1999; Vinderola and Reinheimer, 2003; Liong and Shah, 2005). In addition,
conjugated bile salts are considered toxic and the deconjugation of bile salts to

primary bile salts can be a detoxification mechanism of important to bacterial
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associated to the human GIT such probiotics (De Smet et al., 1995) Thus, probiotic

strains may have a major role to play in the cholesterol lowering mechanism.

3.7. Antibiotic resistance

All strains tested were susceptible (S) to five antibiotics tested: ampicillin (AM
10 ug), erythromycin (E 15 ug), chloramphenicol (C 30 ug), tetracycline (TE 30 pg)
and streptomycin (S 300 pg). Only two strains (37 and 98) were resistant (R) to
vancomycin (VA 30 pg) and norfloxacin (NOR 10 pg) (Table 2).

Resistance to the antibiotics is in accordance with the findings of Cebeci and
Gurakan, (2002) and Liu et al.,, (2007). These authors also reported that LAB
evaluates were resistant to vancomycin. However, there has been no indication that
vancomycin resistant bacteria can transfer this resistance to other bacteria, but this
possibility has to be taken into consideration (D’ aimmo et al., 2007).

Antibiotic resistance has become an increasingly common characteristic in
microorganisms. The indiscriminate use of antibiotics in human and veterinary
medicine may promote and encourage the occurrence this resistance (Robredo et
al., 2000). Knowledge of susceptibilities to antibiotics of potential probiotic strains is
necessary to ensure the safety of these microorganisms, although this feature may

change frequently.

3.8. Selection of candidate probiotic strains

The selection of strains was based on the results obtained in the tests and
compared to the results found in studies of other authors. Resistance to
gastrointestinal tract, antimicrobial activity against pathogens, hydrophobicity values
above 40%, autoagregacao levels above 75%, coaggregation with pathogens above
40%, 3-galactosidase production over 50 Miller units, BSH production, and sensitivity
to antibiotics were considered for selection. A total of 24 strains evaluated, eight BAL
showed four or more of these criteria and were selected for further studies. Among
these eight strains, two stood out and were selected for the development of a

functional product.
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4. CONCLUSION

The results of this research indicate that the evaluated LAB showed
promising characteristics to be select as probiotic strains. Eight strains were selected
for further trials involving the possible use of this microorganism into a functional
product. Two stood out and were selected for the development of a functional product.
Strain 15 was chosen because its resistance to gastric barriers. On the other hand,
strain 106 was also selected for being able to deconjugate bile salts, high
percentages of autoaggregation and coaggregation, and [ —galactosidase
production. Studies involving the technological potential of all strains are being
performed. The strains shall be subjected to in vivo tests for comparison of results.
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6. Figures
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Figure 1— Cell counts (log CFU.mL") of LAB in initial count (1) after simulated gastric digestion at pH 2.0 in saliva
gastric exposure (2), after exposure to duodenal juice simulated (3), and after exposure to ileo juice simulated (4).
Values are means of 3 replicates.
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7. Tables

Table 1: Counts (log CFU.mL-1) of LAB in simulated TGI (Values are means (xSD) of 3 replicates). Growth and deconjugation of bile salts.

Counts (log CFU) in simulated TGI?

Deconjugation of bile salts ©

Strain
1 2 3 4 Alog cfu® TDC GDC TC GC
15 7.4 6.9 6.9 6.4 1.0 g g g g
16 6.7 6.0 5.8 5.8 0.9 g g g g
17 6.4 4.6 3.9 3.6 2.8 g g g g
37 7.6 7.0 6.8 6.6 1.0 g - g 9
40 7.7 6.5 4.6 4.4 3.3 g g g g
42 6.9 5.6 5.0 4.9 2.0 g g g 9
46 7.9 5.9 4.8 4.7 3.2 + g g g
60 7.9 4.8 4.1 3.9 4.0 + g g g
64 8.1 6.7 4.0 3.8 4.3 g g g g
68 7.9 6.4 45 4.1 3.8 g - g g
76 8.0 6.7 4.8 4.2 3.8 g g g g
08 7.6 3.8 1.3 0.0 7.6 g g g g9
99 7.4 5.7 5.0 4.1 3.3 g g g g
106 7.6 6.9 5.6 5.1 25 ++ + g g
110 6.7 5.6 4.0 3.1 3.0 g g g g
117 7.6 3.0 3.1 3.0 4.6 g g g 9
126 7.4 6.8 6.8 6.6 0.8 g g g g
128 6.7 5.5 4.6 3.5 3.2 + + g g
143 6.9 6.3 5.8 5.9 1.0 g g g g
145 7.6 5.8 3.8 3.1 45 g g g g
147 8.0 3.9 1.6 0.0 8.0 g - g g
155 7.9 4.9 4.7 3.1 4.8 g - g g
158 7.1 5.4 3.6 3.1 4.0 g g g 9
174 8.4 8.1 7.7 7.3 0.9 g g g g

a: 1: Cell counts initial; 2: after simulated gastric digestion at pH 2.0 in saliva gastric exposure; 3: after exposure to duodenal juice simulated; 4: after exposure to ileo juice simulated
b: range between the initial and final count (after exposure to simulated TGI) c: TC: sodium taurocholate. TDC: sodium taurodeoxycholate. GC: sodium glycocholate. GDC: sodium
glicodeoxycholato; —: no growth; g: growth; +: growth and bile salt deconjugation; ++: growth and strong bile salt deconjugation
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Table 2: Probiotics characteristics for lactic acid bacteria (meanzstandard deviation, n=3)

Coaggregation®

Antibiotic resistance®

Strain %H? Autoaggregation® R Gald

E. coli S. aureus S C E AM TE VA NOR
15 |57.61 + 2.13| 6123 + 281 (3413 + 1.37|36.74 = 3.10| 634 =+ 088 | S S S S S s S
16 |4591 + 3.80| 89.92 + 1.36 [46.67 * 0.00|27.78 + 6.94| 167 =+ 033 | S S S S S S S
17 |39.05 + 2.06| 7639 + 264 [3516 + 4.68|28.19 + 0.33| 7290 = 791 | S S S S S S S
37 583 + 051| 7553 + 251 (4443 + 4.01[2819 + 0.33| 2139 + 643 | S S S S S R R
40 853 + 097| 72.96 + 0.69 3600 + 0.00|52.22 + 1.92| 2.00 = 072 | S S S S S S S
42 3944 + 207| 77.95 + 361 |49.76 + 4.14|5833 + 422| 262 + 053 | O S S S S S S
46 |49.18 + 3.24| 81.87 + 0.63 |47.83 + 0.00|56.04 + 1.90|604.88 * 33.25| S S S S S S S
60 |51.13 + 1.64| 88.00 + 153 |46.30 + 3.21|24.52 + 3.19|131.44 + 987 | S S S S S S S
64 |31.22 + 2.90| 8343 + 152 |41.90 + 165|30.66 + 0.19| 511 + 042 | S S S S S S S
68 994 + 2.36| 8845 + 206 [1574 + 561[46.02 = 2.75| 932 + 041 | S S S S S S S
76 |52.20 + 0.78| 7581 + 147 |53.19 + 2.05|44.42 + 1.99| 054 + 019 | S S S S S S S
08 956 + 1.87| 49.19 + 0.70 [29.72 + 2.65|15.83 * 2.67| 394 =+ 162 | S S S S S R R
99 770 + 0.63| 2727 + 037 | 794 + 550|2375 + 0.60| 4488 + 652 | S S S S S S S
106 |23.23 + 2.07| 7627 + 211 |39.11 + 3.47|49.97 + 1.56|219.72 + 853 | ° S S S S S S
110 |45.92 + 2.10| 86554 =+ 220 |48.76 + 3.62|43.30 + 2.90| 41.62 + 162 | S S S S S S S
117 |47.46 + 2.82| 9213 + 516 |40.21 + 6.01|19.01 + 2.36| 51.22 + 3.87 | ° S S S S S S
126 |10.99 + 0.90| 75.68 =+ 3.77 |14.07 + 513|53.63 + 251| 38.84 + 194 | S S S S S S S
128 |26.63 + 1.42| 8407 =+ 1.07 |24.85 + 420|4538 + 2.39| 31.93 + 036 | ° S S S S S S
143 |10.46 + 1.80| 90.12 + 157 |7.89 + 2.82|2058 + 1.00| 0.00 =+ 0.00 | S S S S S S S
145 | 673 + 224| 9248 + 3.19 |30.16 + 2751549 + 232| 090 + 057 | O S S S S S S
147 | 493 + 0.77| 77.02 + 279 |4497 + 084|46.38 + 3.05| 3.83 =+ 023 | ° S S S S S S
155 | 513 + 0.64| 9643 =+ 3.97 [39.12 + 508|17.83 + 031| 1433 + 058 | ° S S S S S S
158 | 6.13 + 0.99| 93.65 =+ 172 |47.62 + 4.12|4507 + 339| 032 + 031 | S S S S S S S
174 | 586 + 1.60| 8858 + 172 |13.13 + 2.40|2421 + 069| 2511 + 525 | S S S S S S S

a: Hydrophobicity percentage. b: Autoaggregation percentage; c: Coaggregation percentage

d: B-galactosidase activity in Miller units. e: S - streptomycin (300 ug); C - chloramphenicol (30 pg); E - erythromycin (15 pg); AM - ampicillin (10 pg); TE - tetracycline (30 ug); VA -

vancomycin (30 pg); NOR - norfloxacin (10 pg) S: sensible R : Resistant
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ABSTRACT

The search of new probiotic strains of sources different for use in fermented
products is currently an important topic with industrial and commercial impacts.
To use microorganisms for this purpose its important know their technological
properties and evaluate their survival in the food used as a vehicle after
processing and during its shelf life. The aim of this study was to characterize the
technological potential of 24 lactic acid bacteria (LAB) candidate probiotic
isolated from “Coalho” cheese produced in the Pernambuco state, Brazil and
evaluate their survival in the yogurt. Kinetics of acidification, viability in sour milk,
resistance to additives and aroma compounds and the interaction with starter
strains were evaluated. LAB with best results were selected and used in yogurt
produced the pilot level, with monitoring of pH and cell viability, for thirty days
under refrigeration at 4°C. All strains were good acid producing and 39% were
considered rapid acid producers. All strains maintained good viability in acidified
milk. No additive was able to inhibit the growth of any strain. Two LAB were
inhibited by metabolites of a commercial starter culture. Two bacteria inoculated
in yogurt were able to resist the manufacturing process and the cold storage while
maintaining viable cell number in the range 10%-107 CFU.mL™%, allowing its use

with probiotic purpose.

Key words: yogurt, coalho cheese, functional food, cell viability
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1. INTRODUCTION

In recent years, there has been a growing interest worldwide in lactic acid
bacteria search (LAB) isolated from different sources to be used as probiotics
resulting in a significant success in development of various products containing
probiotic bacteria (ANTUNES et al., 2007; PATEL et al., 2008; RANADHEERA et
al., 2012).

Probiotics are defined as live microorganisms when administered in
adequate amounts confer a health benefit on the host (FAO/WHO, 2001). To
qualify as a probiotics, certain criteria need to be met by a bacterium: a bacterial
strain must be harmless for ingestion, adhere to mucosal membrane and must
be able to colonize the gut epithelium. Additionally, the probiotic microorganisms
should survive the gastrointestinal stress factors such the acid and bile salt
concentration, and maintain their functionality within the host (HOLZAPFEL e
SHILLINGER et al., 2002; VERNA E LUCAK, 2010).

According to Talwalkar et al. (2004), to those populations 108-107 UFC.g™*
to reach and act physiologically intestine, it is necessary to consume about 100g
of product with populations 108-10° UFC.g. In Brazil, the legislation states that
the minimum viable quantity of probiotic culture should be also between 108 and
10° CFU per daily portion of product (ANVISA, 2008). Therefore, viability of
probiotic products (the minimum viable probiotic cells in each gram or milliliter of
product until the time of consumption) is a very important feature.

However, in general these organisms often show poor viability in
fermented products and their viability during processing, storage and
transportation is the major challenge associated with the use of probiotic cultures
in the development of functional foods. Thus, for the processing of probiotic
products is important select strains technologically suitable for the incorporation
into food products: be resistant to food processing, able to grow/survive at high
levels in the products during their shelf life and survive after consumption
(VINDEROLA et al., 2008; LEE AND SALMINEN, 2009). Furthermore, from a
food processing perspective, it is desirable that such strains are suitable for large-
scale industrial production (STANTON et al., 2003) and be able to be
incorporated into foods without producing off-flavours or textures (MATTILA-
SANDHOLM et al., 2002).
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In this sense, several researches have been carried out with the objective
of to characterize the technological potential and monitoring the survival of the
probiotic bacteria added to the different fermented foods (MATTILA-SANDHOLM
et al., 2002; PAPAMANOLI et al., 2003; CHAMMAS et al., 2006; RUIZ-MOYANO
et al., 2008). Thus, the aim of this work was to evaluate technological properties
of lactic acid bacteria candidate probiotic isolated from coalho cheese from

Pernambuco state, Brazil and evaluate their survival in the yogurt.

2. MATERIALS AND METHODS

2.1. Microorganisms and growth conditions

A total of 24 LAB strains, previously selected, were studied. They were
isolated from artisanal Coalho cheeses produced in the Pernambuco state, Brazil
and frozen stored (-80°C) in Man Rogosa Sharpe (MRS, Oxoid) broth
supplemented with 15% (v/v) glycerol. Before the assays, LAB strains were
cultured twice in de MRS at 37°C for 24 h, under aerobic condition. These

microorganisms were previously available for probiotic potential.

2.2. Milk acidification kinetics

Milk acidification kinetics was determined in accordance to Briggiler-
Marco” et al. (2007). LAB strains was inoculation (2% v/v) of in sterile,
reconstituted, commercial, dry skim milk (10%, w/v, Difco) followed by incubation
for 24h at 34°C. After repeating this procedure three times, the pH values were
measured (model TECNOPON mPA 210 pH meter).

2.3. Viability of LAB strains in milk acidified with lactic acid

The effect of lactic acid on cell viability was investigated as described by
Vinderola et al. (2008). Strains were harvested in the stationary phase by
centrifugation (centrifuge vision scientific Co - Korea) at 12,000g for 5 min at 5°C,

washed twice in 50mm K2HPO4 (pH 6.5) and resuspended in the same buffer.
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The cell suspensions were inoculated (1.5% v/v) in test tubes containing 10 mL
of reconstituted skim milk (10%, w/v, Difco) previously acidified with lactic acid at
pH 5 and 4. Growth in skim milk without changes of pH served as control. The
samples were cold-stored (5°C) for 4 weeks. To evaluate the LAB viability during
cold storage, cell enumeration was performed by determination of CFU mL™" by

plating on MRS agar at days 0 and 30.

2.4.Influence of additives on strain growth.

The effect of additives on LAB growth was performed by the growth-in-
liquid-medium assay according to Vinderola et al., (2002). Overnight broth
cultures were inoculated (2%) in test tubes containing 3mL of culture medium
(MRS, Oxoid) plus the additives at the concentrations prescribed by legislation
(BRAZIL, 2007). The relative growth of each strain (after 24 h incubation at 37°C)
was expressed as the percentage of the optical density (O.D.so00)
(spectrophotometer anthos Zenyth 200 rt) of control culture (culture in MRS
without additives). Values of a relative growth lower than 30% or higher than 70%
were considered negative or positive results, respectively. Values of a relative
growth ranging within these limits were regarded as weak. The food additives
used in this study were Fruit preparations (strawberry, plum, red fruits); Dye
(cochineal carmine); Thickener / stabilizer (xanthan gum); Flavoring (strawberry,

coconut) Sweetener (Sodium cyclamate), all obtained in Gemacom®.

2.5. Detection of Bacterial Interactions

Interactions among selected strains and commercial cultures commonly
used in dairy products manufacture (TA-040 with Streptococcus thermophillus
(Danisco) and YF-L812 with St. thermophillus, and Lactobacillus delbrueckii
subsp. bulgaricus (Chr. Hansen)) were investigated by the well-diffusion agar
assay according to Vinderola et al. (2008). Cell-free supernatants (CFS) of LAB
were obtained by centrifugation of overnight cultures (12000g, 5 min, 5°C), and
sterilization by filtration through a 0.22-mm pore filter (Millipore). Twenty milliliters

of MRS agar (Oxoid) melted and tempered at 45°C were vigorously mixed with
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200ul of an overnight culture of commercial cultures, and poured into Petri dishes.
Wells of 10 mm in diameter were made in the agar layer, and 180ul of the CFS
of each LAB was placed into each well. The plates were incubated aerobically
overnight at 37°C. Interaction among the CFS of the strains and commercial
cultures was also evaluated using the same method. Assays were performed in

triplicate.

2.6. Experimental yogurt

Experimental yogurt was made with the same commercial cultures of the
tested strain of LAB. The bacteria was selected according to the results of in vitro
tests and assayed individually as adjunct cultures in yogurt making experiments
at pilot plant scale with monitoring of pH and cell viability, over thirty days under

refrigeration.

3. RESULTS AND DISCUSSION

In our study, 24 LAB were investigated for their technologically relevant
properties. These microorganisms had been previously evaluated for probiotic
properties including gastrointestinal tract resistance, antagonistic activity against
pathogens, autoaggregation and coaggregation with pathogens, hydrophobicity,

[3-galactosidase activity, bile salt hydrolase activity and antibiotic resistance.

Overall, probiotic microorganism should be technologically compatible with
the food manufacturing process of interest. In this study, we evaluated the

resistance to yogurt processing.

3.1. Milk acidification kinetics

All LAB evaluated were able to grow and acidify the milk, as expected
considering their source. The strains were classified as fast or slow according to
the final pH values reached by their milk cultures after 24 h at 34°C. Nine LAB
(15, 126, 68, 40, 46, 117, 92, 64, 60) were considered rapid acid producers, as
they acidified milk to pH<5.3 after 6 h of incubation (Figure 1).
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Rapid acidification is a desirable characteristic in the selection of LAB to
be employed in starter cultures, which are responsible for accelerating and
steering the fermentation process. After 24 h incubation, 20 LAB reduced the pH
of the milk to < 5.3.

Our results are similar to results reported by several studies. Georgieva et
al. (2009) also observed in your research, after 24 h of incubation, seven strains
(30%) were classified as fast, cultures of which had a final pH value of 3.73.
Santos et al. (2015), in a recent study, also reported LAB isolated from Coalho
cheese with good ability to grow in milk. In accordance with this author, probiotic
bacteria are usually added to fermented food products as adjunct cultures, but
they may have an additional role as a coculture with the starter.

3.2. Viability of LAB strains in milk acidified with lactic acid

All strains evaluated maintained good viability in acidified milk (pH 4.0 and
5.0) after of cold storage. In relation to the counts at time 0, at pH 4 and 5, final
counts (after 4 weeks), was observed very low decreases in population and even
small increases. The highest decrease, of 0.5 log CFU mL™", was recorded for
the population of strains 16, 17 and 128 at pH 4.0, According to Vinderola et al.
(2008), decreases in cell counts lower than 0.8 log CFU mL~" are considered low.
On other hand, some strains showed significant growth during incubation period
with increasing in the cell number. At pH 5 was observed an increase of up to 0.4
log CFU mL™" for eight strains (16, 99, 110, 117, 126, 143, 145 and 155) and At
pH 4.0, six LAB (37, 99, 143, 145, 155, and 158) showed an increase of up to 0.3
log CFU mL™" (Table 2).

Georgieva et al. (2009) also determined the viability of Lactobacillus
plantarum in skim milk during 60 days of cold storage and reported a populations
ranging from 6.8 to 7.5 log CFU mL™~" until 28 days. Zacarias et al. (2011) reported
that after 4 weeks of refrigerated storage at pH 4.5, final counts of Bifidobacterium
strain availed ranged from 8.2 to 9.1 log CFU mL.

On other hand, Vinderola et al. (2002) reported that cell viability during
cold storage in acidified milk was satisfactory for Lactobacillus delbrueckii subsp.

bulgaricus and Lactobacillus casei group strains. For Lactobacillus acidophilus
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and Bifidobacterium, the decreases in cell counts at pH 5 were negligible.
However, decreases up to 6.2 and 7.6 log orders, respectively, were observed at
pH 4.

Probiotic bacteria are normally used as adjunct cultures for the production
of fermented food (VINDEROLA, DE LOS REYES- GAVILAN, REINHEIMER,
2009). Thus, tolerance to lactic acid and growth in lower pH is a desirable feature

in microorganisms used in this process.

3.3.Influence of additives on strain growth

The additives used in this study are commonly used in the processing of
yogurt. At the concentrations tested, no additive was able of interfering with the
growth of LAB used in this study. Was observed a growth ranging from 71 to
110% compared to the control (without the additive). Moreover, a significant
growth was measured for all strains evaluated in the presence of some food

additives used.

All LAB evaluated increased growth in the presence of sweeteners. The
lowest indices of growth was observed for the flavor coconut. In the presence of
the additive, the growth of strains varied in levels of 73-94 % (Table 1). In
accordance to Vinderola et al. (2008), the values of relative growth higher than

70 % can be considered positive results.

Vinderola et al. (2002) investigated growth of lactic acid bacteria in the
presence of additives used in the dairy industry and also reported that sweeteners
(acesulfame and aspartame), at the concentration normally used in fermented

dairy drinks were not inhibitory for lactic acid bacteria evaluated.

De Nadra et al. (2007) also reported that strains of L. delbrueckii subsp.
bulgaricus was able to grow in the presence of saccharin, cyclamate at low
sweetener concentrations, and concluded that microorganism could utilize

cyclamate and aspartame as an energy and carbon source.

In general, the use of additives is one of the factors affecting survival
microorganisms in the final product. Some additives added to flavor food during
processing can interact with bacteria present favoring or hindering their growth.
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Other used to prolong the shelf life of foods prevent the development of
undesirable microorganisms, but can also affect startup or probiotic bacteria used
in the manufacturing process (GOMES, TEIXEIRA, AND MALCATA, 1998;
VINDEROLA et al., 2011).

3.4. Detection of Bacterial Interactions

It was observed that the cell-free supernatants of the tested commercial
starter cultures YF-L812 (Chr. Hansen) presented an inhibitory effect on the
growth of two LAB studied (strain 155 and 46). The same behavior was observed
to the cell-free supernatants of four LAB that presented a slight inhibitory effect
on the growth of the starter cultures TA-040 (Danisco). On the other hand, no

effect was observed to other strains (Table 2).

Vinderola et al. (2008) also reported that strains of Streptococcus
thermophillus and Lactococcus lactis were inhibited by the cell-free supernatant
of Lactobacillus spp. isolated from feces of newborn infants, attributing the effect
to the acidic character of the supernatant. Santos et al. 2015 observed that the
cell-free supernatants of the tested commercial starter cultures presented no
effect on the growth of the studied Lactobacillus spp. strains. On the other hand,
the cell-free supernatants of all Lactobacillus spp. strains presented a slight

inhibitory effect on the growth of the starter cultures.

Microbial interactions, such antagonism, among starter and probiotics
cultures may generate undesirable changes in the composition of the bacterial
flora during the manufacture and cold storage of fermented dairy products
(Vinderola et al., 2008). Thus, the strains were inhibited or inhibited starter

cultures should not be used together in one product.

3.5. Experimental yogurt

Two LAB were used in a functional product based on technology and
probiotic properties previously tested. Strain 15 was chosen because, besides

having good technological characteristics, has high resistance to gastric barriers
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(evaluated previously). Strain 106, also selected, had good technological
characteristics and was able to desconjugate bile salts, high percentages of
autoaggregation and coaggregation, and [ - galactosidase production,

(evaluated previously).

LAB used as adjunct cultures in the preparation of yogurt remained viable
throughout the storage period. Viable cell counts ranged 108-107 CFU/g for strain
15, a decrease of only one logarithmic cycle. On the other hand, the variation of
strain 106 had two cycles (108 to 10 CFU/qg).

The pH of the yogurt with strain 15 added to the formulation ranged from
4.6 (time 0) to 4.3 (time 30), while the yogurt made with strain 106 pH ranged
from 4.6 to 4.4 after 30 days storage at 4°C. These results show resistance of the
LAB strains to the processing and storage, confirming the results of other tests

and allowing its use with probiotic purposes.

Ranadheera et al. (2012) evaluated the cell viability probiotics
microorganisms in yogurt stored at 4°C for 4 weeks. After this period, cell counts
in yogurts were 10% CFU/g (Propionibacterium jensenii), 107 CFU/g
(Bifidobacterium animalis subsp. lactis) and 10® CFU/g (Lactobacillus
acidophilus). These authors concluded that the addition of fruit juice appeared to
support the viability of lactobacilli, with higher microorganism numbers observed
in fruit yogurts than in plain yogurt throughout the shelf life. On other hand,
Shakeri et al. (2006) noted a decline in viable population of Bifdobacterium lactis,
Lactobacillus acidophilus and Streptococcus thermophillus but an increase in
counts of L. delbrueckii subsp. bulgaricus during storage of yoghurt containing

sweet buttermilk.

78



4. CONCLUSION

The present study estimated technologically relevant properties of 24
probiotic candidate LAB, isolated from artisanal Coalho cheeses. The results
indicate that the evaluated LAB showed promising characteristics and tolerance
to industrial conditions. The strains selected for use into a functional product
presented good technological characteristics. Other strains shall be subjected to

tests probiotic product.
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Figure 1- LAB considered rapid acid producers, as they acidified milk to pH<5.3 after 6 h of

incubation. Values are means of 3 replicates.
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7. Tables

Table 1: Percentage growth in the presence of the additive compared to the control (meanzstandard deviation, n=3)

Fruit preparations Dye Thickener / stabilizer Flavoring Sweetener
Strain Sodium
Strawberry Plum Red fruits Cochineal carmine Xanthan gum Coconut Strawberry

cyclamate
15 99.42 + 1.73| 98.25 = 1.65 108.19 + 3.19 | 11053 =+ 2.70 107.60 =+ 0.88 8246 + 319 [10468 =+ 3.22 (10748 = 239
16 107.84 = 3.87| 93.73 =+ 561 86.27 + 1.62 83.92 = 1.37 108.63 + 0.33 7961 + 0.19 |109.80 =+ 245 |106.67 = 2.38
17 106.54 + 3.21| 9252 + 2.05 98.60 + 6.52 |107.48 + 3.11 |107.48 = 7.91 91.79 + 275 | 9953 + 0.88 [103.00 + 2.16
37 106.62 = 5.59|102.65 = 4.87 109.60 + 8.53 |104.30 = 2.20 107.62 6.43 73.84 + 6.94 79.80 =+ 1.11 |100.66 = 3.59
40 107.85 = 7.98| 96.86 + 4.33 109.95 + 1.62 |102.62 =+ 5.16 100.52 3.19 9248 + 1.62 92.67 1.54 | 11099 = 8.49
42 109.89 + 7.10| 93.96 + 4.48 109.34 + 3.87 |108.24 = 3.77 |107.14 < 0.19 8187 + 236 |107.14 + 0.70 |103.85 + 2.33
46 100.95 = 6.17| 99.37 = 4.36 89.21 + 194 87.30 = 1.07 91.11 = 2.75 89.21 + 251 95.24 + 037 |10558 = 197
60 109.15 = 4.79| 8841 = 297 9451 + 3.21 93.90 = 2.39 84.76 6.94 85.06 + 239 8841 + 267 |10091 = 254
64 106.37 + 4.72|109.56 + 4.29 10558 + 2.65 | 100.00 =+ 6.17 |110.36 + 0.33 9322 + 266 |10518 + 0.60 [107.97 = 2.20
68 100.50 + 2.81|107.00 + 2.33 106.50 + 5.61 |103.00 = 479 |106.00 =+ 0.41 90.00 + 285 | 9450 + 156 [106.37 += 255
76 108.02 =+ 7.05| 97.86 = 2.28 93.58 + 2.05 |108.56 = 4.72 100.00 =+ 0.19 91.79 + 230 |103.74 + 3.87 |108.02 = 2.28
98 108.60 = 6.09| 98.14 + 5.36 109.31 + 2.33 72.78 + 0.58 7450 = 1.62 90.99 + 1.56 |102.87 = 1.94 |110.74 = 2.39
99 10698 = 1.64| 9746 += 2.66 10349 + 7.91 90.16 + 0.31 102.54 + 6.52 86.03 + 265 [106.03 =+ 3.21 [107.30 = 238
106 100.00 + 1.99|100.34 + 2.85 10548 + 6.43 |10548 = 5.25 |109.93 = 8.53 9186 + 550 {10753 + 1.65 [107.14 + 2.16
110 106.67 = 2.30|107.78 = 2.30 103.33 + 1.72 |108.89 =+ 7.10 100.00 =+ 1.62 9222 + 031 |105.00 =+ 0.23 |107.14 = 3.59
117 100.00 = 2.30|107.57 = 1.56 107.57 = 5.13 | 105.95 =+ 2.36 101.62 =+ 3.87 9351 + 525 (10216 + 0.58 |108.11 = 7.10
126 109.09 = 3.89|105.26 +* 2.90 89.00 + 2.13 |109.57 = 2.51 104.31 1.94 8947 + 0.00 [105.74 =+ 0.31 [106.70 = 6.17
128 107.31 * 6.19/106.15 = 2.36 106.54 + 4.20 9269 =+ 2.39 101.92 + 0.36 9454 + 2.36 99.23 + 0.70 |102.69 = 4.79
143 99.29 + 3.87| 98.23 * 1.57 93.97 + 282 |108.51 = 1.00 105.67 + 2.14 90.07 + 1.00 |105.67 + 0.37 |109.93 = 472
145 99.22 + 3.16|110.47 = 4.01 11047 + 2.88 | 11047 + 2.32 107.36 + 251 9284 + 0.64 |103.88 + 2.67 |108.53 = 1.62
147 8155 + 2.16| 78.64 + 0.00 84.47 + 1.33 90.78 + 3.05 8544 2.39 93.17 + 0.99 86.41 + 1.07 | 110.47 £ 6.52
155 95.64 + 2.75|100.93 + 4.14 8287 + 7091 7445 + 0.31 8255 = 1.00 91.59 + 1.60 7259 + 3.19 |108.19 £+ 8.53
158 7222 + 1.99|108.33 + 1.83 99.60 + 6.43 |108.73 = 3.39 105.16 + 2.32 93.02 + 281 |110.71 + 222 |107.57 £ 1.62
174 7412 + 2.67|100.78 £ 1.72 107.84 + 3.19 |110.20 =+ 0.69 108.24 + 3.05 9255 + 194 (10392 + 411 |108.51 * 0.89
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Table 2: Technological properties of LAB evaluated

Viability? (A log cfu /mL) in acidified milk at

Inhibition of¢

Strain CFS commercial starter culturesd CFS strains evaluated®
pH4 pH5 YFL 812 TA-040 YFL 812 TA-040
15 0.20 0.31 - - - -
16 0.53 0.01° ) _ _ )
17 0.55 0.28 - - - -
37 0.26° 0.35 . _ - -
40 0.26 0.17 - - - -
42 0.37 0.16 - - - 0.96
46 0.14 0.31 1.05 - - -
60 0.08 0.23 - - - -
64 0.27 0.41 - - - -
68 0.40 0.25 - - - 0.88
76 0.46 0.22 - - - -
98 0.04 0.04 - - - 0.93
99 0.37° 0.39° . _ - -
106 0.39 0.11 - - - -
110 0.34 0.12° i} _ ) )
117 0.35 0.02° ) _ _ 0.98
126 0.32 0.30° } ) ) )
128 0.52 0.05 - - - -
143 0.09° 0.32° ) _ _ )
145 0.12° 0.15° ) _ _ )
147 0.09 0.12 - - - -
155 0.25° 0.18° 1.20 ; ; ;
158 0.03° 0.15 i} ) ) )
174 0.26 0.04 _ - - -

a Difference between counts at time 0 and after 30 days of cold storage (4°C) in milk acidified with lactic acid at different pH values (mean of two determinations).

b Increase in viable cell counts c. Inhibition halo diameter (cm) (mean of three determinations).
d. Interaction among cell free supernatant (CFS) of the strains and commercial cultures e. Interaction among the CFS of the commercial cultures and strains
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Capitulo 5
Conclusoes e

Perspectivas futuras
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6. CONCLUSOES GERAIS

Em geral, bactérias laticas apresentam grande potencial de aplicacéo na industria de
alimentos e, atualmente, inUmeros beneficios a saude tém sido a elas atribuidas. A
busca e caracterizagdo de BAL com potencial probi6tico, oriundas de fontes ainda pouco
pesquisada como o queijo Coalho artesanal, foi o principal foco deste estudo. As
Bactérias laticas estudadas apresentaram resultados satisfatérios quanto ao seu
potencial probidtico e tecnoldgico. Andlises relacionadas a resisténcia ao TGlI, atividade
antimicrobiana, capacidade de agregacéo, produgao da enzima [3-galactosidase e BSH,
resisténcia a antibiéticos das 24 cepas evidenciaram diferencas entre as cepas,
resultando em interessantes perspectivas para o trabalho. De forma geral, os testes “in
vitro” foram validos para apontar cepas como potenciais candidatas a aplicacdes
probiodticas. Duas BAL foram utilizadas em um iogurte feito em escala piloto: LAB 15,
por sua boa resisténcia ao TGl simulado e LAB 106 por ser capaz de desconjugar sais
biliares, altos percentuais de autoagregacdo e coagregacao e producdo de B —
galactosidase. Ambas apresentaram boa resisténcia ao processamento. Outras seis
cepas (42, 46, 60, 76, 117, 128) destacaram-se nos testes e podem ser utilizadas em
testes futuros. Contudo, a continuidade nas pesquisas para evidenciar resultados

obtidos, é fundamental.
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7. PERSPECTIVAS FUTURAS

As perspectivas para futuros estudos estao baseadas nos resultados deste trabalho e

na possibilidade de aprofundamento em alguns pontos importantes:

¢ Identificacdo molecular de todas as bactérias acido laticas avaliadas;

e Melhor investigacdo do potencial probiético das cepas, como adeséo “in vitro” a
células Caco-2, atividade antioxidante, e atividade antimicrobiana frente a
outros micro-organismos patogénicos;

e Comprovacao do potencial probiético das cepas com a realiza¢do de ensaios
“in vivo”;

e Utilizacdo das cepas probidticas em produtos funcionais com pesquisa de

aceitacao sensorial;

89



90



