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RESUMO

COLOMBO, Monique, M.Sc., Universidade Federal de Vigosa, julho de 2013.
Desenvolvimento de um meio de cultura alternativo para enumeracéo seletiva de
Lactobacillus casei em leites fermentados. Orientador: Luis Augusto Nero.
Coorientador: Antonio Fernandes de Carvalho.

Micro-organismos da espécie Lactobacillus casei sdo 0s probidticos mais estudados,
uma vez que sdo capazes de promover efeitos benéficos para a salde humana. Além
disso, 0s micro-organismos dessa espécie sdo acido-tolerantes, sendo capazes de
sobreviver ao ambiente gastrointestinal sem serem inativados. Quando adicionados em
alimentos, devem se apresentar numa concentragdo minima (maior que 10° UFC/mL ou
g) para exercerem efetivamente a atividade probiotica. Por essas caracteristicas, é
necessario 0 monitoramento das populacdes dessas culturas quando adicionadas em
alimentos, apesar da auséncia de um protocolo oficial com esta finalidade. O sistema
Petrifilm™ AC pode representar uma alternativa para enumeracao de culturas starter e
probidticas, desde que associado com meios de cultura seletivos. O presente estudo teve
como objetivo a avaliacdo de substancias quimicas como agentes seletivos para Lb.
casei, a fim de propor um meio de cultura seletivo para ser associado a placas
Petrifilm™ AC, a ser avaliado como um protocolo alternativo de enumeracdo deste
probidtico em leites fermentados. Vinte e seis culturas probioticas e starter (incluindo 6
cepas de Lb. casei) foram plaqueadas em agar MRS com diferentes concentracGes de
acido nalidixico, bile, cloreto de litio, metronidazol, propionato de sédio e vancomicina;
somente vancomicina (10 mg/L) apresentou atividade seletiva para Lb. casei. Cloreto de
2,3,5-trifeniltetrazolio foi identificado como ndo inibitério para Lb. casei e placas de
Petrifilm™ AC associadas a MRS adicionado de vancomicina a 10 mg/L (MRS-V)
apresentaram contagens mais elevadas quando incubadas sob anaerobiose que em
aerobiose. Leites fermentados acidificados e iogurtes foram preparados, adicionados de
cepas de Lb. casei, estocados a 4 °C e as populacbes de Lb. casei foram monitoradas
usando MRS-V e MRTLYV por plagueamento convencional e pelo sistema Petrifilm™
AC. Todos os indices de correlacdo entre as contagens obtidas por plaqueamento
convencional e pelo sistema Petrifilm™ AC foram significativos (p < 0.05), mas o
melhor desempenho foi observado para MRS-V. Os dados obtidos indicaram a
adequacdo do uso do MRS-V associado as placas Petrifilm™ AC para enumeracao de

Lb. casei em leites fermentados.



ABSTRACT

COLOMBO, Monique, M.Sc., Universidade Federal de Vigosa, July, 2013.
Development of a culture medium for alternate selective enumeration of
Lactobacillus casei in fermented milks. Advisor: Luis Augusto Nero. Co-advisor:
Antonio Fernandes de Carvalho.

Monitoring the populations of probiotic organisms such as Lactobacillus casei in food
is required by food industries in order to assure that a minimum concentration of these
organisms will be ingested by consumers. In this context, Petrifilm™ AC plates can be
used along with selective culture media to allow the enumeration of specific groups of
lactic acid bacteria. The present study aimed to assess chemical substances as selective
agents for Lb. casei in order to propose a selective culture medium to be used with
Petrifilm™ AC plates as an alternative protocol for the enumeration of this probiotic
organism in fermented milk. Twenty-six probiotic and starter cultures (including 6
strains of Lb. casei) were plated on de Man Rogosa and Sharpe (MRS) agar with
distinct concentrations of nalidixic acid, bile, lithium chloride, metronidazole, sodium
propionate, and vancomycin. Vancomycin at 10 mg/L demonstrated selective activity
for Lb. casei. In addition, 2,3,5-triphenyltetrazolium chlorine was identified as a
compound that did not inhibit Lb. casei, and Petrifilm™ AC plates used with MRS and
vancomycin at 10 mg/L (MRS-V) demonstrated more colonies of this organism when
incubated under anaerobic conditions than aerobic conditions. Acidophilus milk and
yoghurt were prepared, added to Lb. casei strains, and stored at 4 °C. Lb. casei
populations were monitored using MRS-V and MRTLV by conventional plating and
associated with Petrifilm™ AC plates. All correlation indices between counts obtained
by conventional plating and Petrifilm™ AC were significant (p < 0.05), but the best
performance was observed for growth on MRS-V. The obtained data indicate the
efficiency of using MRS-V associated with Petrifilm™ AC plates for the enumeration

of Lb. casei strains in fermented milk.
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INTRODUCAO GERAL

Micro-organismos vivos tém sido cada vez mais utilizados em alimentos com o
objetivo de promover melhoria na saide dos consumidores. Estes micro-organismos séo
chamados de probidticos, e as espécies mais conhecidas sdo Lactobacillus casei, Lb.
paracasei e Bifidobacterium spp. Vérios estudos visam a caracterizacdo da atividade
probidtica desses micro-organismos, assim como suas aplicacbes na producdao de
alimentos fermentados tradicionais e comerciais.

Uma vez adicionados nos alimentos, o monitoramento das populaces dessas
culturas é fundamental: esses micro-organismos sdo capazes de promover beneficios a
salde apenas quando presentes em concentracdes minimas nos alimentos fermentados
(em torno de 10° UFC/mL ou g). Ainda ndo existe qualquer metodologia padréo para
enumeracdo seletiva de micro-organismos probidticos em culturas starter mistas, que
permita o desenvolvimento de col6nias diferenciadas da cultura de interesse.

A enumeracdo diferencial de micro-organismos probioticos e culturas starter em
um mesmo produto € relativamente dificil, pois esses micro-organismos s&o
geneticamente relacionados, e assim possuem varias caracteristicas fenotipicas e
bioguimicas em comum. Essa limitacdo dificulta o desenvolvimento de um meio de
cultura com seletividade suficiente para Lb. casei em alimentos fermentados, impedindo
0 desenvolvimento de um método oficial de enumeragdo. Varios pesquisadores
propuseram meios de culturas seletivos para enumeracdo de Lb. casei. Entretanto,
nenhum deles apresentou atividade adequada para diferenciacdo de outras culturas
adicionadas em um mesmo alimento.

O sistema Petrifilm™ tem sido descrito como uma metodologia pratica, simples e
viavel para 0 monitoramento de micro-organismos indicadores de higiene em inddstrias
de alimentos. Considerando essa aplicabilidade, as placas Petrifilm™ AC (Aerobic
Count) podem ser associadas a meios de cultura especificos para enumeracdo de
bactérias laticas. Géneros especificos de bactérias laticas, ou mesmo determinadas
espécies ou cepas, podem ser adequadamente enumeradas dependendo de quais agentes
seletivos sdo adicionados. Assim, o0 objetivo desse projeto de pesquisa foi avaliar a
seletividade de algumas substéncias para enumeracdo de culturas probioticas de Lb.
casei, visando a elaboracdo de um meio de cultura base para associagdo ao Petrifilm™

AC e enumeracao seletiva dessa espécie.



REVISAO BIBLIOGRAFICA

1. Micro-organismos probioticos

Probidticos sdo definidos como organismos vivos que quando ingeridos em
concentragfes adequadas beneficiam a salde do consumidor (ANVISA, 2002; Aryana
& McGrew, 2007; Ashraf & Shah, 2011; Bertazzoni Minelli et al., 2004; Buriti & Saad,
2007; Fric, 2007; Lima et al., 2009; Nanno et al., 2011; WGO, 2009). Dentre as
espécies de probidticos mais conhecidas, podem ser mencionados Lactobacillus casei,
Lb. paracasei e Bifidobacterium spp. Vérios estudos visam a caracterizacdo da atividade
probidtica desses micro-organismos, bem como suas aplicagdes na producdo de
alimentos fermentados tradicionais e comerciais. Bactérias acido laticas (BAL) sdo
ferramentas tecnologicas importantes na producédo de leites fermentados, queijos e uma
variedade de outros produtos lacteos. BAL sdo usadas como culturas starter e, além
disso, contribuem para a inocuidade microbioldgica do produto oferecendo ainda uma
ou varias vantagens organolépticas, tecnologicas, nutricionais ou de salde (Leroy & De
Vuyst, 2004).

O publico alvo dos alimentos que veiculam esses micro-organismos, inicialmente
formado por idosos, criancas e adultos com saude debilitada, hoje abrange individuos
saudaveis de todas as idades e até animais de producédo e de companhia. Nos ultimos 20
anos, as pesquisas nesta area progrediram consideravelmente. Significativos avancos na
selecdo e caracterizacdo de culturas probioticas proporcionam fundamentos para o0s
efeitos benéficos a salde dos consumidores (Aguirre-Ezkauriatza et al., 2010; FAO,
2001; Maragkoudakis et al., 2006).

Apesar dos mecanismos de acdo destes micro-organismos ainda ndo serem
totalmente elucidados, varios estudos ja demonstraram cientificamente os efeitos
benéficos da ingestdo de probidticos por seres humanos e animais, além de sua
inocuidade (Aguirre-Ezkauriatza et al., 2010; Holzapfel et al., 2001; Maragkoudakis et
al., 2006). Varios beneficios sdo determinados por estes micro-organismos, como:
propriedades antimutagénicas (Le Leu et al., 2005; LeBlanc et al., 2005),
anticarcinogénicas (Wollowski et al., 2001), antidiarreicas (Clancy, 2003; Rowland,
1999; Van Niel et al., 2002), estimulacdo do sistema imunoldgico (Baken et al., 2006;
Galdeano & Perdigon, 2006; Hai et al., 2009; Hsieh & Chou, 2006; Maragkoudakis et
al., 2006; Marzotto et al., 2006; Matsuzaki, 1998; Paineau et al., 2008; Prescott et al.,

2008), prevencédo de eczema e atopia (Isolauri, 2004; lIsolauri et al., 2000; Wickens et



al., 2008), reducéo da presséo arterial (Hlivak et al., 2005), reducéo na concentracéo de
colesterol (Hlivak et al., 2005), maior resisténcia a doengas infecciosas (Li et al., 2008;
Rautava, 2007), estimulacdo do crescimento (Ohashi & Ushida, 2009), melhoria nas
doencas gastrointestinais inflamatdrias (Jones & Foxx-Orenstein, 2007; Myllyluoma et
al., 2005; Ryan et al., 2009; Vandenplas et al., 2007), manutencdo da microbiota
equilibrada e melhora no metabolismo de lactose (Bertazzoni Minelli et al., 2004; de
Vrese et al., 2001; Gill, 2003; Gismondo et al., 1999; Marzotto et al., 2006; Rowland,
1999; Shah, 2007; Shieh et al., 2011).

2. Produtos probiéticos

Segundo Ashraf & Shah (2011), mais de 500 produtos probi6ticos foram
introduzidos mundialmente no mercado entre 2000 e 2010. Desde entdo, varios estudos
tem demonstrado cientificamente os beneficios a saude e a inocuidade de micro-
organismos probidticos (Aguirre-Ezkauriatza et al., 2010; Maragkoudakis et al., 2006).
Dessa forma, existe um grande interesse comercial em desenvolver novos produtos
alimentares probidticos.

Desde a década de 1990, os produtos lacteos fermentados receberam atencéo
significativa pela presenca desses micro-organismos probidticos em sua composicéo,
sendo considerados os principais veiculos para administracdo em concentracdes ideais
para os consumidores (Karimi et al., 2012; Van de Casteele et al., 2006). Estes produtos
sdo comercializados como alimentos funcionais principalmente na Europa, Japdo, EUA
e na Australia (Phillips et al., 2006).

Os alimentos funcionais sdo alimentos ou componentes alimentares que
promovem efeitos benéficos alem dos componentes nutricionais basicos, como € 0 caso
dos alimentos probioticos (Heasman & Mellentin, 2001). O governo do Japdo foi um
dos responsaveis pela divulgacdo de produtos probioticos, introduzindo o termo foshu
(foods for specified health use) e com o propdsito de reduzir gastos na sadde publica,
desvinculando os alimentos funcionais dos produtos farmacéuticos (Sanders, 1998).
Neste mesmo contexto, o cientista Minoru Shirota, por meio da venda dos leites
fermentados da Yakult, colocou em pratica o conceito de que prevenir doencas € melhor
do que trata-las, e de que um intestino saudavel leva a uma vida longa. Dessa forma,
destaca-se o0 Lb. casei Shirota, um dos primeiros micro-organismos probioticos

apresentados comercialmente e que possui um forte apelo probiético.



Com a busca do consumidor por uma vida mais saudavel, as indudstrias de
alimentos vém utilizando vérias cepas probidticas associadas em um mesmo produto,
além das culturas starter que sdo inoculadas para a producdo efetiva do alimento
fermentado (Antunes et al., 2007; Champagne et al., 1997; Vinderola & Reinheimer,
2000). O iogurte e os leites fermentados sdo considerados os principais veiculos para 0s
micro-organismos probidticos (Ranadheera et al., 2010). Estes produtos sempre foram
reconhecidos pelos muitos efeitos desejaveis para o consumidor (Lourens-Hattingh &
Viljoen, 2001). Aléem disso, sdo destacados por possuirem mais beneficios nutricionais
que o proprio leite, pois sdo nutricionalmente ricos em proteina, célcio, riboflavina,
vitaminas B6 e B12 (Ashraf & Shah, 2011; Buttriss, 1997; Phillips et al., 2006). Como
as culturas starter responsaveis pela fermentacdo do iogurte podem ndo ser capazes de
sobreviver a passagem gastrica ou colonizar o intestino, consequentemente ndo
executam suas possiveis funcdes probiodticas. H4 uma tendéncia crescente em adicionar
outras culturas probioticas associadas em um mesmo produto, como Lb. casei (Ashraf
& Shah, 2011).

Lb. casei é uma espécie de BAL que coloniza diversos nichos ecologicos, entre
eles, o trato gastrointestinal do homem. Esses micro-organismos possuem grande
variabilidade fenotipica e genotipica, e séo frequentemente utilizados na fabricacdo de
alimentos fermentados (Aguirre-Ezkauriatza et al., 2010; Marzotto et al., 2006). S&o
micro-organismos Gram-positivos, ndo esporulados, catalase-negativos, anaerdbios,
acido-tolerantes e estritamente fermentativos (Buriti & Saad, 2007). Por serem
resistentes a condicbes acidas, sdo capazes de sobreviver durante a passagem pelo
ambiente gastrico, 0 que permite a colonizacdo intestinal. Essa caracteristica demonstra
o potencial de utilizacdo dessas espécies como culturas probidticas em alimentos, o que
aumenta o interesse das industrias do setor (Aguirre-Ezkauriatza et al., 2010; Bertazzoni
Minelli et al., 2004; Maragkoudakis et al., 2006; Marzotto et al., 2006). Além disso,
essa especie possui alta capacidade em produzir acido latico, o que tem sido também

foco de diversos estudos (Aguirre-Ezkauriatza et al., 2010).

3. Monitoramento de populac¢ées microbianas em produtos probidticos

Os micro-organismos probioticos, depois de ingeridos, devem resistir as
condicBes adversas do trato gastrointestinal (suco gastrico, acdo da bile, sucos
pancreaticos e entéricos) (Cotter et al., 2005; Sakai et al., 2010; Servin, 2004). Além

disso, as culturas selecionadas devem possuir propriedades tecnoldgicas favoraveis para



serem utilizadas nos alimentos, como: facil manipulacéo, rapido crescimento in vitro,
ser altamente vidvel e estavel durante a estocagem e, ainda, ndo produzir compostos que
irdo interferir na qualidade sensorial do produto (sobrevivendo no produto final e
conservando sua funcdo) (Salminen et al., 1998). Dessa forma, € importante que 0
desenvolvimento das culturas probiéticas seja monitorado para garantir o consumo de
células vidveis e em quantidades desejaveis, 0 que resultaria em sua efetiva acdo no
intestino delgado ou grosso do consumidor (Sanders, 1998).

A dose terapéutica diéria proposta é de 10® a 10° unidades formadoras de colonias
(UFC), o que corresponde a ingestdo diaria de 100 g de um produto alimenticio
contendo de 10° até 10" UFC/g (Ashraf & Shah, 2011; Buriti et al., 2005; Lahtinen et
al., 2005; Lee & Salminen, 1995; Lourens-Hattingh & Viljoen, 2001; Vinderola &
Reinheimer, 2000). Uma vez adicionados nos alimentos, o monitoramento das
populacdes dessas culturas € fundamental, j& que esses micro-organismos apresentam
sua atividade probiotica apenas quando presentes em concentracbes minimas nos
alimentos.

Alguns estudos mostram a pouca viabilidade dos probidticos encontrados no
comércio, 0 que demanda o monitoramento através de meios de cultura seletivos (Barer
et al., 2000; Bloomfield et al., 1998; Colwell, 2000; Kell et al., 1998; Nystrom, 2001;
Shah, 2000; Shah et al., 1995; Yamamoto, 2000). Esta pouca viabilidade ocorre por
alguns fatores, como caracteristicas proprias das cepas utilizadas, interacdo com outras
culturas starter, condi¢bes da cultura, producdo de peroxido de hidrogénio devido o
metabolismo bacteriano, acidez final do produto e a concentracdo de acidos acético e
latico, sendo os principais fatores atribuidos ao decréscimo do pH do produto e o
acumulo de acidos organicos provenientes do desenvolvimento bacteriano durante a
fermentacdo do leite (Saccaro et al., 2012; Sanders & Huis in't Veld, 1999). Além disso,
Lahtinen et al. (2005) encontraram resultados que indicam que bactérias probidticas no

produto fermentado podem ficar inativas durante um armazenamento prolongado.

4. Meios de cultura seletivos e meios alternativos

Ainda ndo existe qualquer técnica padrdo para enumerar bactérias probioticas de
forma seletiva. A enumeracdo diferencial de micro-organismos probioticos e culturas
starter se torna dificil j& que em um mesmo produto existe a presenca de multiplas
espécies de bactérias acido laticas, que sdo geneticamente relacionadas e compartilham

caracteristicas bioquimicas e fenotipicas (Van de Casteele et al., 2006). A diferenciacdo



entre as espécies ocorre usualmente pela morfologia apresentada pelas col6nias;
entretanto, essas caracteristicas usualmente ndo sdo compartilhadas por diferentes cepas
de uma mesma espécie, aléem de serem variaveis considerando as condicfes de cultura
(Van de Casteele et al., 2006).

Essas limitagdes impedem o desenvolvimento de um meio de cultura com
seletividade suficiente para Lb. casei em alimentos fermentados, dificultando o
desenvolvimento de um método oficial de enumeracdo. Varios pesquisadores
propuseram meios de culturas seletivos para enumeracgdo de Lb. casei, com resultados
variaveis em seus desempenhos (Buriti & Saad, 2007; Champagne et al., 1997; Lima et
al., 2009; Ong & Shah, 2009; Phillips et al., 2006; Ravula & Shah, 1998; Sakai et al.,
2010; Sharp et al., 2008; Tharmaraj & Shah, 2003; Van de Casteele et al., 2006;
Vinderola & Reinheimer, 2000; Wang et al., 2010).

Os meios de cultura consistem da associacdo de substancias que fornecem os
nutrientes necessarios ao cultivo de micro-organismos quando estes estiverem fora do
seu ambiente natural, assim como fornecer o ambiente favoravel ao seu
desenvolvimento (pH, pressdo osmética, umidade, temperatura, atmosfera). Porém, para
que este meio de cultura seja seletivo para enumeracdo e diferenciacdo de uma
determinada espécie, € necessario que ele contenha agentes seletivos que sejam capazes
de promover a multiplicacdo da espécie alvo e, a0 mesmo tempo, inibir o
desenvolvimento das demais que possam estar presentes.

Alguns estudos sugerem meios de cultura para enumeracdo diferencial de
bactérias probidticas puras ou em combinacdo com culturas em produtos comerciais;
poréem, é frequente a observacdo de a enumeracdo de Lb. casei em culturas mistas
apresentam maior dificuldade, pela falta de recuperacdo de uma ou mais especies, ou
pela dificuldade de diferenciacdo de colnias de diferentes espécies (Darukaradhya et
al., 2006; Karimi et al., 2012; Lahtinen et al., 2006; Talwalkar & Kailasapathy, 2004;
Vinderola & Reinheimer, 2000). Além disso, contagem em placas requer longo tempo
de incubacdo e possui dificuldades técnicas como aglutinacdo de colénias formadas e
inibicdo por células vizinhas; assim, a escolha do meio de enumeracao e as condi¢cdes de
incubacdo para espécies especificas ainda sdo um desafio e, para muitas espécies, o
meio de cultura adequado ainda ndo € conhecido (Lahtinen et al., 2006).

Em 1993, Valdez & Giori (1993) tentaram substituir a glicose do agar MRS pela
melezitose a fim de promover a enumeracdo seletiva de Lb. casei de produtos
fermentados adicionados de Lb. acidophilus e S. thermophilus. Com 0 mesmo objetivo,

Nighswonger et al. (1996) substituiram a celobiose por glicose no agar LBS. Entretanto,



a necessidade de preparo muito elaborado do meio de cultura e a potencial variabilidade
dos padrdes de assimilacdo de hidratos de carbono pelas cepas das espécies alvo sdo
consideradas limitacOes dessas metodologias (Champagne et al., 1997). Champagne et
al. (1997) verificaram a habilidade do Lb. casei em se multiplicar a 15 °C em meio de
cultura HHD (McDonald et al., 1987) e &gar LBS acidificado, com inibi¢do simultanea
de Lb. acidophilus, S. thermophilus e Lb. bulgaricus: ambos os protocolos apresentaram
seletividade para Lb. casei, porém, estes necessitam de 14 dias de incubacdo, o que
torna inviavel para as industrias. O agar LC foi desenvolvido por Ravula & Shah (1998)
e possui como agente seletivo a ribose (1% m/v), que inibe a multiplicacdo de S.
thermophilus, Lb. delbrueckii subsp. bulgaricus, Lb. acidophilus e bifidobactérias,
podendo ser usado como seletivo para Lb. casei; a incubagdo também é realizada por 14
dias assim como proposto por Champagne et al. (1997), o que é inviavel para as
industrias. Vinderola & Reinheimer (2000) propuseram os agares LP-MRS e B-MRS; o
primeiro possui cloreto de litio e propionato de sodio como agentes seletivos e, 0
segundo, bile. Ambos sdo incubados a 37°C por 72h com a finalidade de inibir
bifidobactérias e os dois foram capazes de inibir o crescimento de col6nias de culturas
starter (S. termophilus e Lb. delbrueckii subsp. bulgaricus). Além disso, foi possivel
diferenciar morfologicamente colonias de Lb. casei e Lb. acidophilus em agar B-MRS e
de Lb. casei e bifidobactérias em agar LP-MRS. O agar MRS-V proposto por Tharmaraj
& Shah (2003) possui a vancomicina em sua composicdo, que associada a diferentes
temperaturas permite a enumeracao diferencial de Lb. casei e Lb. paracasei. Lima et al.
(2009) avaliaram o desempenho de varios agentes seletivos para enumeracdo de Lb.
casei, e obtiveram resultados adequados utilizando dicloxacilina, cloreto de litio e
cisteina, em aerobiose (Buriti & Saad, 2007; Buriti et al., 2005; Ong & Shah, 2009;
Phillips et al., 2006; Sharp et al., 2008; Van de Casteele et al., 2006; Wang et al., 2010).

Embora vérios estudos sobre a seletividade de meios de cultura a diferentes
culturas probioticas e starter sejam encontradas na literatura, nenhum dos meios de
cultura descritos apresentou atividade adequada para diferenciacdo de outras culturas
adicionadas no mesmo alimento. Além disso, muitos desses métodos séo baseados em
culturas puras dos micro-organismos probidticos, dificultando sua utilizacdo quando ha
mais de uma cultura associada em um mesmo produto, tanto pela similaridade nos
requerimentos para se multiplicarem quanto na sobreposicdo de caracteristicas
bioguimicas (Ashraf & Shah, 2011). Devido o fato de que ferramentas moleculares de
diferenciacdo e quantificacdo de culturas probidticas em produtos comerciais serem

recentemente desenvolvidas, a maioria dos fabricantes ainda depende dos métodos



convencionais para enumeragcdo desses micro-organismos (Van de Casteele et al.,
2006).

O é4gar MRTLV (&gar ramnose cloreto de 2,3,5-trifeniltetrazolio LBS-
vancomicina modificado) desenvolvido por Sakai et al. (2010) é o Unico descrito na
literatura capaz de diferenciar estas espécies probidticas através de caracteristicas
morfoldgicas de suas coldnias. Este meio possui em sua composicdo ramnose, cloreto
de 2,3,5-trifeniltetrazélio (TTC) e vancomicina. Essa diferenciacdo ocorre pelos
compostos L-ramnose e TTC: o primeiro ndo € fermentado por Lb. casei e o segundo é
um sal incolor que quando reduzido forma um precipitado vermelho intenso. Com isso,
ao fermentarem o acUcar e produzirem acido latico, ocorre inibi¢do da reducdo do TTC
tornando as coldnias brancas ou vermelhas muito claras (como é o caso do Lb.
rhamnosus). Porém, as bactérias que ndo utilizarem o aglcar e ndo produzirem &cido
lactico ocorrera redugdo do TTC, formando col6nias vermelhas intensas e de facil
visualizacdo e identificacdo (Sakai et al., 2010).

4.1. Petrifilm™ Aerobic Count (3M Microbiology, St. Paul, MN, EUA)

As metodologias para anélise de alimentos devem ser capazes de dar respostas
rapidas para que seja possivel tomar decisdes no sentido de modificar o processo,
prevenindo a producdo de forma errada. Os métodos répidos e alternativos possuem
objetivos de melhorar e desenvolver testes de isolamento, deteccdo precoce,
caracterizacdo e enumeracdo de micro-organismos nos alimentos (Champagne et al.,
1994). Os beneficios dos métodos rapidos passam pela simplificacdo da execucdo da
analise com reducdo do trabalho laboratorial, reducdo no tempo de resposta e
processamento de maior nimero de amostras em menor periodo de tempo (Champagne
et al., 1994).

Como alternativa para enumeracao de micro-organismos indicadores de higiene, o
sistema Petrifilm™ possui uma grande vantagem em relacdo aos métodos
convencionais: sua conveniéncia. Elas sdo prontas para uso, eliminando as etapas de
preparacdo dos meios de cultura e vidrarias necessarios, ocupam menos espaco em
incubadoras, geladeiras, armarios, autoclaves, tém descarte mais facil, ndo quebram, ndo
derramam, podem ser congeladas para contagem posterior ou reanalise (Fung, 2002).

Para as industrias de alimentos, essas vantagens justificam a utilizacdo desse
sistema no controle de qualidade microbioldgico de seus produtos. Nero et al. (2008) e

Gongalves et al. (2009) verificaram a aplicagdo desta metodologia alternativa para



enumeragdo de bactérias laticas fermentadoras, associando as placas Petrifilm™
Aerobic Count (AC) meios de cultura especificos e agentes seletivos para esses micro-
organismos. Estes sistemas possuem diferentes tipos de nutrientes, géis hidrossollveis a
frio, corantes e indicadores adequados a recuperacdo de cada tipo de micro-organismos
pesquisados. A andlise microbioldgica fica reduzida a trés etapas simples e répidas, que
fornecem resultados consistentes e de facil leitura, reduzindo as chances de erros,
comuns nos métodos convencionais de plaqueamento (Gongalves et al., 2009; Nero et
al., 2008; Nero et al., 2006; Ortolani et al., 2007).

O Petrifilm™ AC utiliza o TTC como indicador para permitir a visualizacéo
adequada das colénias formadas. O TTC é um sal incolor que, quando reduzido, forma
um precipitado vermelho intenso, sendo amplamente utilizado para enumeracdo de
colénias microbianas em meios de cultura sélidos (Beloti et al., 1999; Sakai et al.,
2010). Quando o micro-organismo € capaz de reduzir o TTC, através de reacdo
enzimatica, formazanos sdo produzidos e mantidos no interior de granulos nas células e
as colonias formadas apresentam coloracdo vermelha intensa, se tornando de féacil
visualizacdo e identificacdo (Kenner et al., 1961; Mustakallio et al., 1955; Sakai et al.,
2010). Além disso, esta coloracdo permite a diferenciacéo entre as colénias formadas e
particulas de alimentos, que podem causar confusdo com outros metodos de
plaqueamento (Goncalves et al., 2009; Nero et al., 2008; Nero et al., 2006; Ortolani et
al., 2007).

A variacdo na reducdo deste composto por bactérias laticas, ou mesmo a nao
reducdo pode ser um fator limitante para aplicacdo dessa metodologia para certos
géneros ou espeécies (Beloti et al., 1999). Alguns fatores como pH, temperatura e luz
podem interferir na reducao deste composto, bem como a concentracdo do sal, pois altos
niveis deste composto podem causar efeitos deletérios aos micro-organismos (Beloti et
al., 1999; Senyk et al., 1987). Considerando essas caracteristicas, e necessario encontrar
uma concentracdo de TTC a ser utilizada em meio de cultura que seja minima o
suficiente para ndo inibir o desenvolvimento do micro-organismo e alta o suficiente para
fazer com que o mesmo seja capaz de reduzir o composto (Hurwitz & McCarthy, 1986;
Mustakallio et al., 1955). Bactérias acido laticas homo e heterofermentativas podem ser
enumeradas pelo sistema Petrifilm™, utilizando-se placas Petrifilm™ AC semeadas
com as amostras diluidas em caldo MRS e com incubacdo em anaerobiose (Nero et al.,
2006).
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OBJETIVOS

1. Objetivo geral

Desenvolver um meio de cultura seletivo para enumeracdo de Lb. casei em leites

fermentados, associado ao sistema Petrifilm™ AC.

2. Objetivos especificos

v Avaliar a seletividade de diferentes substancias (acido nalidixico, bile, cloreto de
litio, propionato de sddio, metronidazol e vancomicina) sobre culturas starter
utilizadas na producéo de leites fermentados, visando identificar compostos com
capacidade seletiva para Lb casei;

v" Verificar o potencial inibitério do TTC sobre culturas starter utilizadas pela
industria de alimentos, visando a identificacdo do efeito inibitério sobre Lb.
casel;

v Propor um meio de cultura seletivo para Lb. casei e avaliar o seu desempenho
por metodologia convencional e associado a placas Petrifilm™ AC para

enumeracdo desse micro-organismo em leites fermentados
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ABSTRACT

Monitoring the populations of probiotic organisms such as Lactobacillus casei in food
is required by food industries in order to assure that a minimum concentration of these
organisms will be ingested by consumers. In this context, Petrifilm™ AC plates can be
used along with selective culture media to allow the enumeration of specific groups of
lactic acid bacteria. The present study aimed to assess chemical substances as selective
agents for Lb. casei in order to propose a selective culture medium to be used with
Petrifilm™ AC plates as an alternative protocol for the enumeration of this probiotic
organism in fermented milk. Twenty-six probiotic and starter cultures (including 6
strains of Lb. casei) were plated on de Man Rogosa and Sharpe (MRS) agar with
distinct concentrations of nalidixic acid, bile, lithium chloride, metronidazole, sodium
propionate, and vancomycin. Vancomycin at 10 mg/L demonstrated selective activity
for Lb. casei. In addition, 2,3,5-triphenyltetrazolium chlorine was identified as a
compound that did not inhibit Lb. casei, and Petrifilm™ AC plates used with MRS and
vancomycin at 10 mg/L (MRS-V) demonstrated more colonies of this organism when
incubated under anaerobic conditions than aerobic conditions. Acidophilus milk and
yoghurt were prepared, added to Lb. casei strains, and stored at 4 °C. Lb. casei
populations were monitored using MRS-V and MRTLV by conventional plating and
associated with Petrifilm™ AC plates. All correlation indices between counts obtained
by conventional plating and Petrifilm™ AC were significant (p < 0.05), but the best
performance was observed for growth on MRS-V. The obtained data indicate the
efficiency of using MRS-V associated with Petrifilm™ AC plates for the enumeration
of Lb. casei strains in fermented milk.

Keywords: selective culture medium, Lactobacillus casei, fermented milk, Petrifilm™

AC.
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1. Introduction

Probiotics are microorganisms that promote benefits when ingested at adequate
concentrations (Aryana & McGrew, 2007; Ashraf & Shah, 2011; Bertazzoni Minelli et
al., 2004; Buriti & Saad, 2007; Fric, 2007; Lima et al., 2009; Nanno et al., 2011; WGO,
2009). Once probiotics are added to foods, monitoring of the populations of these
organisms is essential. These probiotic microorganisms demonstrate their activities only
when present at minimum concentrations in fermented foods. The suggested minimum
daily therapeutic dose of probiotics is 10° to 10 colony forming units (CFU) (Ashraf &
Shah, 2011; Buriti et al., 2005; Lee & Salminen, 1995; Vinderola & Reinheimer, 2000).
Some studies have shown low viability of probiotics present in foods for retail sale,
demonstrating a requirement for proper monitoring to verify the viability and
concentrations of these organisms (Shah, 2000; Shah et al., 1995). There are no official
protocols to enumerate probiotic cultures in foods other than the 1SO 29981:2010
protocol for bifidobacteria (1ISO, 2010). There is no adequate protocol for the selective
enumeration of Lactobacillus casei, despite this organism being the most studied
probiotic.

The close genetic relationship between Lb. casei and other starter cultures hinders
the development of an adequate selective culture medium. Distinct studies have been
performed in order to propose an alternative culture medium for the probiotic Lb. casei
(Buriti & Saad, 2007; Buriti et al., 2005; Champagne et al., 1997; Dave & Shah, 1996;
Lima et al., 2009; Ong & Shah, 2009; Phillips et al., 2006; Ravula & Shah, 1998; Sakai
et al., 2010; Sharp et al., 2008; Tharmaraj & Shah, 2003; Van de Casteele et al., 2006;
Vinderola & Reinheimer, 2000; Wang et al., 2010). However, the majority of these

culture media have been evaluated with isolated cultures, jeopardising their
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performance in the selective enumeration of Lb. casei in mixed cultures of the type
usually found in fermented products (Ashraf & Shah, 2011).

Alternative protocols to enumerate microorganisms are required by the food
industry to facilitate and optimise laboratory work and also to provide reliable results.
Petrifilm™ plates (3M Microbiology, St. Paul., MN, USA) is a ready-to-use double film
system that is often used in the food industry for monitoring contamination by
mesophilic aerobes, coliforms, Escherichia coli, and a variety of other microbial groups.
Some studies have demonstrated the applicability of Petrifilm™ Aerobic Count (AC)
plates along with specific culture media or selective agents to enumerate starter cultures
and probiotic bacteria (Champagne et al., 1994; Miranda et al., 2011; Nero et al., 2008;
Nero et al., 2006; Ortolani et al., 2007). A key point for the performance of such
selection protocols is the sensitivity of the target culture to 2,3,5-triphenyltetrazolium
chloride (TTC), a dye that is added to Petrifilm™ plates to enhance colony visualisation
(Beloti et al., 1999; Nero et al., 2008; Nero et al., 2006).

The present study aimed to identify the inhibitory potential of selective agents
with regard to distinct starter and probiotic cultures as well as the sensitivity of these
cultures to distinct concentrations of TTC in order to propose a selective culture
medium to be used with to Petrifilm™ AC plates for the enumeration of Lb. casei in

fermented milk.

2. Materials and Methods

2.1. Bacterial strains
The bacterial strains examined in the present study are detailed in Table 1. All
strains were stored at -20 °C in MRS broth supplemented with 20% glycerol (v/v). For

use, aliquots of these cultures were reactivated in de Man, Rogosa and Sharpe (MRS)

24



broth (Oxoid, Basingstoke, England), incubated at 37 °C for 24 h, streaked on MRS
agar (Oxoid), and incubated at 37 °C for 48 h. Then, isolated colonies were transferred
to MRS broth (Oxoid) and incubated at 37 °C until they achieved a turbidity similar to
tube 1 on the MacFarland scale, which corresponds to approximately 3 x 108 CFU/mL.
Thereafter, ten-fold dilutions were made in NaCl 0.85% (w/v) to obtain cultures with

distinct concentrations that were used in the experiments described below.

2.2. Evaluation of chemicals for the selective enumeration of starter cultures

Table 2 shows the selective agents considered in the present study and their
tested concentrations. The substances were prepared as aqueous solutions and filtered
through sterile membranes with a 0.22 um pore size. The tested strains (Table 1) were
diluted to an approximate concentration of 102 CFU/mL and plated on pour plates in
duplicate in MRS agar (Oxoid) with individual chemical substances added at defined
concentrations (Table 2). As control, each set of tested cultures was also plated on MRS
agar without any of the chemical substances. Plates were incubated at 37 °C for 48 h,
following which the colonies were enumerated. The results are expressed as CFU/mL.

All strains and chemical substances were evaluated in three independent trials.

2.3. Evaluation of the inhibitory potential of TTC on starter cultures

Tested strains (Table 1) were diluted until an approximate concentration of 102
CFU/mL and plated on pour plates in duplicates in MRS agar (Oxoid) with TTC added
at three distinct concentrations (15, 30, and 45 mg/mL) or without TTC (control). The
plates were incubated at 37 °C for 48 h and then the colonies were when enumerated
and the results expressed as CFU/mL. The morphological characteristics of the colonies
from each tested strain were also evaluated. This analysis was conducted in three

independent trials.
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2.4. Evaluation of the incubation condition for starter culture growth

Lb. casei, Lb. paracasei, Lb. rhamnosus, S. thermophilus, Lb. acidophilus and
Lb. delbrueckii subsp. bulgaricus strains (Table 1) were individually diluted in MRS
broth (Oxoid) supplemented with vancomycin (10 mg/L) (MRS-V), MRS broth (Oxoid)
alone and modified-rhamnose-2,3,5-triphenyltetrazolium-chloride-LBS-vancomycin
broth (MRTLV, prepared according Sakai et al., 2010) and plated in duplicate on
Petrifilm™ AC plates. One replicate set was incubated aerobically at 37 °C for 48 h,
and the other was incubated under anaerobic conditions (GasPak™ EZ Anaerobe
Sachets, BD - Becton, Dickinson and Company, Franklin Lakes, NJ, USA) at 37 °C for
48 h. After incubation, colonies were enumerated and the results were expressed as

CFU/mL. The morphological characteristics of the colonies were also recorded.

2.5. Production of probiotic fermented milks and evaluation of MRS-V and MRTLV
broths with Petrifilm™ AC for Lb. casei enumeration

Based on the data obtained in this study, Lb. acidophilus LA-5 (Chr. Hansen,
Harsholm, Denmark) was selected for the production of acidophilus milk, and cultures
of Lb. delbrueckii subsp. bulgaricus from YoMix (DuPont®/Danisco®, Madison, WI,
USA) were selected for the production of yoghurt. Lb. casei strains (Table 1) were
inoculated into both products to obtain probiotic fermented milks.

For acidophilus milk production, six sets of 1,000 mL of skim milk were
prepared by reconstituting skim milk powder (Molico®, Nestlé, Sdo Paulo, SP, Brazil)
in sterile water at 10% (w/v), heating at 90 °C for 5 min, and cooling to 37 °C. Next, a
Lb. acidophilus LA-5 (Chr. Hansen) culture was added to obtain a final concentration of
10° CFU/mL; simultaneously, a culture of one of the Lb. casei strains was also added to
obtain a final concentration of 10° CFU/mL. The inoculated milk sets were then

incubated at 37 °C for 24 h, following which the pH and viscosity were recorded to
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verify that production was complete (pH of 4.6 and coagulation). The obtained
fermented milks were distributed into sterile plastic flasks (100 mL) and incubated at 4
°C.

For yoghurt production, six sets of 1,000 mL of skim milk were prepared as
previously described. YoMix starter culture (DuPont®/Danisco®) was added according
to the manufacturer’s instructions, and the inoculated sets were incubated at 42 °C for
4.5 h. Then, the fermented products were cooled to 37 °C and cultures of Lb. casei
strains were individually inoculated to obtain a final concentration of 10° CFU/g. The
inoculated sets were incubated at 37 °C for 24 h, at which time the pH and viscosity
were recorded to verify that production was complete (pH of 4.6 and coagulation). The
obtained fermented milks were distributed into sterile plastic flasks (100 mL) and
incubated at 4 °C.

Samples of the prepared fermented milks were collected during storage at the
following times: 0 h (just after the preparation of fermented milks), 15 days and 30
days. Each sample was ten-fold diluted using MRS-V and MRTLV broths. Selected
dilutions of MRS-V were plated on Petrifilm™ AC (3M) plates and MRS-V agar (in
duplicates in pour plates); the same selected dilutions of MRTLV broth were plated on
Petrifilm™ AC (3M) plates and MRTLYV agar (in duplicate in pour plates). Petrifilm™
AC plates were incubated at 37 °C under anaerobic conditions (GasPak, BD), and MRS-
V and MRTLYV agar plates were incubated at 37 °C under aerobic conditions based on
the previously obtained data. After incubation, the colonies were enumerated and the
results were expressed as CFU/g.

Fermented milk production and microbiological analyses were conducted in

three independent trials.
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2.6. Statistical analysis

To verify the inhibitory potential of the tested chemical substances and TTC, the
counts of each analysed strain were converted to logip and grouped according to their
microbial species (groups: Lb. casei, Lb. paracasei, Lb. rhamnosus, “other lactobacilli”,
streptococci) and compared using analysis of variance (ANOVA) and Tukey tests (p <
0.05) in reference to the counts obtained on control plates (MRS without any chemical
substance). The differences between the counts of the tested organisms incubated under
anaerobic and aerobic conditions were determined by comparing the obtained mean
values. The counts of Lb. casei in fermented milks that grew in each culture medium
and with each protocol were compared by ANOVA and Tukey tests (p < 0.05) to verify
significant differences. Comparisons were also performed by linear regression (p <

0.05) to establish correlation indices between the proposed protocols.

3. Results and Discussion

3.2. Evaluation of chemical substances for selective enumeration of starter cultures

Figure 1 shows the mean counts of the microbial groups plated on MRS agar with
the tested substances at different concentrations, except for the additional test for
vancomycin.

Based on the obtained data, none of the tested chemical substances were able to
properly inhibit any of the tested strains (p > 0.05) (Figure 1). The performance of the
selective agents at the tested concentrations did not show standard behaviour and the
inhibition profile was similar between the groups. From the obtained results, it can be
concluded that the tested substances at their respective concentrations can be used for
enumeration of Lb. casei, Lb. paracasei and Lb. rhamnosus strains and show similar

inhibition profiles among treatments. However, the group “other lactobacilli” and group
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S. thermophilus organisms were also able to grow without any sign of inhibition (Figure
1).

Lithium chloride and sodium propionate had no selective effect to distinguish Lb.
casei, Lb. paracasei and Lb. rhamnosus strains. In addition, sodium propionate
enhanced the growth of S. thermophilus strains when tested at the highest concentration
(p < 0.0001) (Figure 1B). Vinderola & Reinheimer (2000) showed that the combination
of lithium chloride and sodium propionate (LP-MRS) allowed the enumeration of Lb.
casei in the presence of bifidobacteria and was able to inhibit the growth of lactic acid
starter bacteria (Vinderola & Reinheimer, 2000). Lima et al. (2009) proposed the use of
the same culture medium at 42 °C under aerobic conditions to enumerate Lb. casei in a
mixed culture. However, these substances were considered in the present study in
isolation and they were not able to inhibit the growth of other starter cultures (Figure
1A, 1B).

Vinderola & Reinheimer (2000) also tested the behavior of the same strains when
inoculated in a culture medium containing bile (B-MRS) and found that this substance
allowed the growth of Lb. casei and inhibited some starter cultures (S. thermophilus and
Lb. delbrueckii subsp. bulgaricus). Furthermore, this culture medium allowed the
differentiation of Lb. casei and Lb. acidophilus colonies. However, the data in this study
indicated that bile, like lithium chloride and sodium propionate, was not a selective
agent at the tested concentrations (Figure 1C). Divergent results for Lb. casei counts
obtained using this culture media with the addition of bile, lithium chloride and sodium
propionate were also observed by Tharmaraj & Shah (2003).

Nalidixic acid and vancomycin concentrations were defined based on the data
obtained by Tharmaraj & Shah (2003), and metronidazole concentrations were based on
data from Sakai et al. (2010). Tharmaraj & Shah (2003) observed that Lb. casei was

able to grow in a culture medium containing nalidixic acid when the incubation
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temperature was lower than 37 °C. Moreover, this culture medium was able to inhibit
Lb. delbrueckii subsp. bulgaricus, S. thermophilus, Lb. acidophilus, Bifidobacterium
and Propionibacterium freudenreichii ssp. shermanii strains. The obtained data (Figure
1D) indicated that MRS with nalidixic acid was not able to inhibit lactic acid bacteria.
Only two of three S. thermophilus strains were partially inhibited by this medium; S.
thermophilus TH-4® was inhibited at the highest concentration (p = 0.033) and S.
thermophilus ST 066 was inhibited at the lowest concentration (p = 0.045). Moreover,
nalidixic acid inhibited the growth of four Lb. casei strains, showing that this substance
cannot be considered to be a selective agent for Lb. casei, Lb. paracasei and Lb.
rhamnosus. Similar results were obtained by Talwalkar & Kailasapathy (2004).

Metronidazole and vancomycin were not selective to allow the enumeration of Lb.
casei, Lb. paracasei and Lb. rhamnosus (Figure 1E, 1F). Metronidazole showed a
similar behavior to sodium propionate for the growth of S. thermophilus: this substance
enhanced the growth of some organisms of group “other lactobacilli” when compared
to the controls (p = 0.001). Tharmaraj & Shah (2003) showed that MRS added to
vancomycin and incubated at anaerobic conditions at 37 °C for 72 h was able select Lb.
casei, but only when Lb. rhamnosus was not present in the mixture. These data can be
compared with the results obtained in the present study as Lb. casei, Lb. paracasei and
Lb. rhamnosus were able to grow and form visible colonies at the same tested
concentrations (Figure 1F) and under aerobic incubation conditions.

Sakai et al. (2010) verified that the presence of metronidazole and vancomycin in
MRTLV did not inhibit the growth of Lb. casei, Lb. paracasei and Lb. rhamnosus
strains. However, Lb. fermentum, Lb. plantarum, Lb. reuteri and Lb. sakei strains were
able to grow in this selective media. The MRS-V medium proposed by Tharmaraj &
Shah (2003) and used at different temperatures allowed differentiation between Lb.

casei and Lb. rhamnosus. In these experiments, only some strains were properly
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inhibited by the highest tested vancomycin concentration: Lb. paracasei ATCC 335, Lb.
acidophilus LA-5®, and Lb. acidophilus 74-2. Based on these specific data and the data
from Sakai et al. (2010), an additional test using vancomycin at a higher concentration
(10 mg/L) was conducted, and the obtained results are presented in Figure 2.

Figure 2 demonstrates that even at 10 mg/mL, vancomycin was not able to inhibit
the growth of Lb. casei, Lb. paracasei or Lb. rhamnosus and that this compound led to a
slight inhibition of “other lactobacilli” group (p > 0.05). However, vancomycin at 10
mg/L was able to inhibit the growth of S. thermophilus (p < 0.05). Table 3 demonstrates
the inhibitory effect of vancomycin at 10 mg/L for each strain. Based on these data, Lb.
acidophilus LA-5®, Lb. acidophilus 74-2, Lb. delbrueckii subsp. delbrueckii CCT 3744,
Lb. delbrueckii subsp. lactis ATCC 4797, Lb. helveticus ATCC 12046 and Lb.
leishmanii ATCC 7830 were inhibited properly (p < 0.05). Saccaro et al. (2012) tested
the same concentration of vancomycin to lead to selective enumeration of Lb.
rhamnosus in the presence of starter cultures (Lb. delbrueckii and S. thermophilus) at 37

°C for 72 h under anaerobic conditions.

3.2. Evaluation of the inhibitory potential of TTC on starter cultures

Considering the potential use of Petrifilm™ AC (3M) plates combined with
selective culture media to enumerate starter cultures, we needed to assess the sensitivity
of the target starter cultures to TTC, a dye that is added to this system to allow proper
colony visualisation. However, TTC can inhibit the growth of some specific bacterial
strains, specifically lactic acid bacteria (Beloti et al., 1999; Nero et al., 2008). Figure 3
demonstrates the mean counts of the microbial groups tested in the present study after
plating them on MRS agar with TTC added at distinct concentrations.

Lb. casei was inhibited when plated on MRS with to 45 mg/L of TTC added.

Sakai et al. (2010) described the ability of Lb. casei to grow after plating on culture
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media containing TTC at 30 mg/L, although this organism formed small, brownish-red
colonies as observed in the present study. Lb. paracasei and Lb. rhamnosus were not
inhibited by TTC at the tested concentrations; however, the morphological appearance
of these colonies varied by strain: some strains reduced the dye and formed red colonies
and some strains did not reduce the dye and formed white colonies. Strain Lb. paracasei
ATCC 335 was completely inhibited by all treatments. The strains grouped as “other
lactobacilli” were not inhibited by the tested TTC concentrations. However, as observed
for Lb. paracasei and Lb. rhamnosus, some strains were not able to reduce the dye and
formed red colonies or slightly pink colonies as previously described by Nero et al.
(2006). Among these strains, Lb. plantarum, Lb. helveticus and Lb. acidophilus did not
reduce TTC, and Lb. delbrueckii, Lb. leishmanii and Lb. fermentum partially reduced
TTC, forming pink colonies. S. thermophilus strains were also inhibited by TTC at 30
and 45 mg/L (Figure 3).

Based on these data, methodologies and protocols that employ TTC as dye to
optimise the visualisation of Lb. casei colonies can be considered as adequate as a
selective medium, as concentrations higher that 30 mg/L of this dye presented inhibitory
activity against the tested strains. With regard to the use of Petrifilm™ AC plates to
enumerate starter cultures, adding this system to a selective culture medium would be
reliable for Lb. casei enumeration (Beloti et al., 1999; Champagne et al., 1994; Miranda

et al., 2011; Nero et al., 2008; Nero et al., 2006).

3.3. Evaluation of incubation conditions for starter culture growth
Table 4 presents the counts obtained for selected starter cultures plated on
Petrifilm™ AC plates in addition to MRS broth, MRS-V broth and MRTLYV broth after

incubation under aerobic and anaerobic conditions. This test was performed to identify
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the best incubation protocol for Petrifilm™ AC plates that would allow the enumeration
of reliable counts of the tested starter strains.

Considering the obtained counts using MRS, a culture medium without any
selective agent, we can observe that the microbial counts obtained under anaerobic
incubation were higher when compared to the aerobic incubation. The same behaviour
was observed when selective agents were added to MRS (in MRS-V and MRTLV) and
also the inhibitory effects previously observed for these substances were again
observed.

Based on the obtained data, Petrifilm™ AC plates associated with MRS-V or
MRTLV were incubated at anaerobic conditions for Lb. casei enumeration as performed
in previous studies with other starter cultures (Beloti et al., 1999; Champagne et al.,

1994; Miranda et al., 2011; Nero et al., 2008; Nero et al., 2006).

3.4. Production of probiotic fermented milk and evaluation of MRS-V and MRTLV
broths in association with Petrifilm™ AC for Lb. casei enumeration

Table 5 presents the mean counts obtained using the individual culture media and
protocols evaluated in the present study to determine their selectivity for Lb. casei as
observed in the previous results. We observed that the obtained counts on MRS-V,
either in conventional plating or associated with Petrifilm™ AC plates, were higher
when compared to the counts obtained on MRTLV. These differences were significant
only for yoghurt (p < 0.05). The obtained results indicate that both selective culture
media can be associated with Petrifilm™ AC plates to enumerate Lb. casei in mixed
cultures found in yoghurt and acidified milk, as observed is similar studies with other
probiotic and starter cultures (Beloti et al., 1999; Champagne et al., 1994; Miranda et

al., 2011; Nero et al., 2008; Nero et al., 2006).
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The performance of the tested culture media and protocols were also evaluated by
linear regression in order to establish correlation indices between them. Figure 4
demonstrates the obtained counts, comparing only the data obtained by conventional
plating and Petrifilm™ AC. Based on the obtained data (Figure 4), all correlation
indices were significant (p < 0.01). MRS-V had better correlation indices between the
counts obtained by conventional plating and those associated with Petrifilm™ AC
(Figure 4A, 4C) compared to MRTLV (Figure 4B, 4D). The observed differences in
counts on MRTLYV obtained by conventional plating and Petrifilm™ AC (Table 5) can
explain the poor correlations observed when using this culture medium in association
with Petrifilm™ AC plates.

Nero et al. (2006) assessed the performance of Petrifilm™ AC plates and MRS
broth, comparing this system with MRS agar for the enumeration of distinct starter
cultures usually employed for fermented milk production. Despite the absence of
significant differences between the counts obtained by the individual protocols, Lb.
casei CRL 706 strain formed small colonies on Petrifilm™ AC plates, hindering proper
visualisation and recording. In contrast, Lb. casei strains considered in the present study
did not present such limitations when inoculated with MRS-V or MRTLYV broth along
with Petrifilm™ AC. In such systems, the colonies had a dark red colour, enhancing
their visualisation and facilitating their recording. Based on these data and the
observations of Nero et al. (2006), it can be concluded that the behaviour of the
Petrifilm™ AC system along with a selective culture media when using Lb. casei is
strain dependent.

Nero et al. (2008) described good performance of Petrifilm™ AC when used with
MRS broth in enumerating Lb. casei, but focused on fermented milks produced with

single strains. The data obtained in the present study demonstrate the reliability of using
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MRS broth with vancomycin added to enumerate probiotic Lb. casei strains in
fermented milks produced with mixed cultures.

Some studies have shown low viability of probiotic cultures found in fermented
milk available for retail sale, demonstrating the need for proper methodologies for
monitoring these cultures (Barer et al., 2000; Bloomfield et al., 1998; Colwell, 2000;
Kell et al., 1998; Nystrom, 2001; Shah, 2000; Shah et al., 1995; Yamamoto, 2000). The
absence of a standard protocol for this purpose makes adequate control in the food
industries difficult (Van de Casteele et al., 2006). Thus, Petrifilm™ plates may
represent a valuable alternative quality control tool to be employed by the food industry.
A number of studies have assessed the viability of combining Petrifilm™ AC plates
with selective culture media to adequately enumerate target starter cultures composed of
lactic acid bacteria and probiotic bacteria (Beloti et al., 1999; Champagne et al., 1994;
Miranda et al., 2011; Nero et al., 2008; Nero et al., 2006). Based on the obtained data,
populations of probiotic Lb. casei can be included as target cultures that can be
monitored in fermented milks produced by mixed cultures by adding vancomycin to

MRS broth and using Petrifilm™ AC.

4. Conclusion

Lb. casei can be selectively enumerated on specially formulated MRS-V medium
from fermented milk produced with Lb. acidophilus and Lb. delbrueckii subsp.
bulgaricus and S. thermophilus. The versatility and convenience of Petrifilm™ AC
plates for the selective enumeration of Lb. casei using anaerobic incubation was
demonstrated in this study. This makes these plates particularly useful for enumerating

Lb. casei strains in foods along with a selective culture medium.
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Tables

Table 1. Starter cultures strains considered in the present study.

Species Identification Origin

Lb. casei CIRM-BIA 667" CNRZ 313" INRA

Lb. casei CIRM-BIA 767 CNRZ 1244 INRA

Lb. casei CIRM-BIA 769 CNRZ 1874 INRA

Lb. casei CIRM-BIA 771 CNRZ 1393 INRA

Lb. casei subsp. casei CCT 1465 ATCC 393 CCT/FAT
Lb. casei subsp. alactosus CCT 1376 NCDO 2713 CCT/FAT
Lb. rhamnosus ATCC 7469 FIOCRUZ
Lb. rhamnosus ATCC 9595 FIOCRUZ
Lb. rhamnosus CCT 0842 CCT /FAT
Lb. rhamnosus CCT 5835 CCT /IFAT
Lb. paracasei CCT 0566 ATCC 10746 CCT /IFAT
Lb. paracasei subsp. paracasei ATCC 335 ATCC

Lb. paracasei subsp paracasei CCT 7501 CCT /IFAT
Lb. acidophilus LA-5® | Probio-Tec® Chr. Hansen
Lb. acidophilus 74-2 DuPont/Danisco
Lb. fermentum ATCC 23271 FIOCRUZ
Lb. fermentum ATCC 9338 FIOCRUZ
Lb. delbrueckii subsp. delbrueckii CCT 3744 DuPont/Danisco
Lb. delbrueckii subsp. lactis ATCC 4797 FIOCRUZ
Lb. helveticus ATCC 12046 FIOCRUZ
Lb. leishmannii ATCC 7830 FIOCRUZ
Lb. plantarum ATCC 8014 FIOCRUZ
Lb. plantarum ATCC 10012 FIOCRUZ

S. thermophilus Lyofast ST 066 Clerici-Sacco
S. thermophilus TH-4® | Probio-Tec® Chr. Hansen

S. thermophilus

Yo-Mix™ Yogurt Cultures

DuPont/Danisco

INRA: Institut National de la Recherche Agronomique, Versailles, France
ATCC: American Type Culture Collection, Manassas, VA, USA
CCT/FAT: Colecéo de Culturas Tropical — Fundagdo André Tosello, Campinas, SP, Brazil.
CIRM-BIA: Microbial Biological Resource Centre, Chaoyang District, Beijing, China
CNRZ: Centre National de Recherche Zootechnique, Sotuba, Bamako, Mali

DuPont® Danisco®, Madison, WI, USA

Clerici-Sacco, Cadorago, Italy.
Chr. Hansen, Hgrsholm, Denmark
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Table 2. Selective and/or differential substances used in the present study, with their

respective concentrations evaluated.

Substance Concentration* Reference

Nalidixic acid® 10, 15, 20 (mg/L) Tharmaraj and Shah (2003)

Bile® 1.0, 1.5, 2.0 (mg/L) Vinderola and Reinheimer (2000)
Lithium chloride® 1,2,3(g/L) Vinderola and Reinheimer (2000)
Metronidazole® 7.5, 10, 12.5 (mg/L) Sakai et al. (2010)

Sodium propionate® 2,3,4(g/L) Vinderola and Reinheimer (2000)
Vancomycin® 0.5,1.0, 1.5 (mg/L) Tharmaraj and Shah (2003)
Vancomycin® 10 (mg/L) Sakai et al. (2010)

* final concentration in the prepared culture medium.
“Sigma-Aldrich (St. Louis, MO, USA), °Synth (Diadema, SP. Brazil).
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Table 3. Mean values for enumeration of the strains belonging to “other lactobacilli” and “S. thermophilus” groups after inoculation in MRS agar and

MRS agar added to vancomycin at 10 mg/L.

Species Strain Vancomycin ANOVA
Control [10 mg/L]
Lb. acidophilus La-5 1.91 £0.09 NG -
SAB 2.29+£0.13 NG -
Lb. delbrueckii subsp. delbrueckii CCT 3744 2.45 +0.11° NG -
Lb. delbrueckii subsp. lactis ATCC 4797 1.82 +0.06 NG -
Lb. fermentum ATCC 23271 2.09 +0.22° 1.74 +0.05° Fe=9.648; p = 0.021
ATCC 9228 2.74 £0.17° 2.68 £0.11° Fae= 0.319; p=0.593
Lb. helveticus ATCC 12046 1.63 £ 0.06 NG -
Lb. leishmanii ATCC 7830 3.06 £0.20 NG -
Lb. plantarum ATCC 10012 1.91 £0.03° 1.85 +0.05° Fae=3.578; p=0.107
ATCC 8014 2.52 +0.08 2.51£0.13° Fae=0.029; p=0.871
S.. thermophilus SAB 1.73 £0.06 NG -
ST066 2.32+£0.28 NG -
YoMix 3.05+0.12° 1.37+0.13° Fue= 367.610; p < 0.0001

NG: no growth
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Table 4. Counts of starter cultures strains obtained in Petrifilm™ AC plates added to MRS, MRS-V, and MRTLYV broths, after incubation at 37 °C for
48 h, under aerobiosis and anaerobiosis conditions (GasPak™ EZ Anaerobe Sachets, BD).

Species MRS MRS-V MRTLV
Aerobiosis Anaerobiosis Aerobiosis Anaerobiosis Aerobiosis Anaerobiosis

Lb. casei 1.53 1.65 1.48 2.00 1.64 2.02

Lb. paracasei 1.23 1.99 0.90 1.62 0.60 1.93

Lb. rhamnosus 2.33 1.95 2.16 2.07 2.10 2.37

Lb. acidophilus - 2.31 - - - -

Lb. delbrueckii - 1.92 - - - -

S.. thermophilus 0.90 2.15 - - - -
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Table 5. Mean values (£ standard deviation) of scores obtained for Lb. casei in
acidophilus milk and yogurt in conventional methodology and alternative system
Petrifilm™ AC with MRS-V and MRTLV.

Culture media Plating Yoghurt Acidified milk

MRS-V Conventional 4.63 +£0.39° 4.38 + 0.86
Petrifilm™ AC 4.64 +0.45° 4.34+0.79

MRTLV Conventional 4.18 +0.80° 417 +0.64
Petrifilm™ AC 439 +0.83*° 451 +0.63

ANOVA F3212=6.29, p=0.000  F(3209=1.89, p=0.133
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Figure 1. Mean values of microbial counts obtained from distinct starter cultures strains
plated on de Man Rogosa and Sharpe agar (Oxoid) added to distinct chemical
substances at distinct concentrations: (A) lithium chloride; (B) sodium propionate; (C)
bile; (D) nalidixic acid; (E) metronidazole; (F) vancomycin. In each graph, mean counts
with distinct small case letters are significantly different by ANOVA and Tukey test (p
<0.05).
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Figure 2. Mean counts of microbial groups plated on MRS agar added with vancomycin
at 10 mg/L, and MRS agar. Mean counts with distinct small case letters are significantly
different by ANOVA and Tukey test (p < 0.05).
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Figure 3. Mean counts of microbial groups plated on MRS agar added with distinct
concentrations of TTC. Mean counts with distinct small case letters are significantly
different by ANOVA and Tukey test (p < 0.05).
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Figure 4. Relationship between counts of Lb. casei in acidophilus milk (A and B) and
yogurt (C and D) obtained by conventional methodology and alternative system
Petrifilm™ AC with MRS-V and MRTLV.

48



CONCLUSOES

v" As substancias quimicas avaliadas ndo apresentaram atividade seletiva adequada para
Lb. casei, Lb. paracasei e Lb. rhamnosus nas concentragfes inicialmente avaliadas.
Apenas vancominicina, quando adicionada na concentragdo de 10 mg/L apresentou
potencial seletivo para essas espécies;

v De maneira geral, TTC ndo apresentou atividade inibitéria sobre Lb. casei, Lb.
paracasei e Lb. rhamnosus. Entretanto, apenas Lb. casei apresentou um
comportamento padronizado em MRS adicionado de TTC, sendo que todas as cepas
avaliadas conseguiram reduzir adequadamente o composto formando colonias
vermelhas e visiveis;

v Quando semeadas em Petrifilm™ AC associadas a meios de cultura seletivos
(MRTLV e MRS-V), as culturas avaliadas apresentaram melhor crescimento quando
incubadas em anaerobiose, com formacdo de maiores nimeros de coldnias, e com
caracteristicas morfologicas mais definidas (colonias vermelhas, facilmente
visualizadas);

v' As metodologias utilizadas para monitoramento das populacdes de Lb. casei
adicionadas em leites fermentados (leite acidofilo e iogurte) apresentaram
desempenho adequado, sendo que o0 meio de cultura MRS-V apresentou melhores
contagens, quando comparado aos resultados obtidos por MRTLV;

v Nos leites fermentados preparados, as contagens de Lb. casei obtidas por
plaqueamento convencional e Petrifilm™ AC, utilizando-se MRS-V e MRTLYV,
apresentaram bons e significativos indices de correlacdo. Entretanto, a avaliacdo de
outros parametros de correlacdo indicou um melhor desempenho do MRS-V;

v As placas Petrifilm™ AC representam uma alternativa a industria de alimentos para
monitoramento de culturas starter e probidticos, e pode ser associada ao caldo MRS
adicionado de vancomicina, na concentragdo de 10 mg/L, com incubacdo em

anaerobiose, para enumeracéo seletiva de Lb. casei em leites fermentados.
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ANEXOS

Resultados detalhados obtidos no estudo.
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Tabela 1. Comparacdes individuais, por cepa bacteriana testada, das contagens obtidos em dgar MRS adicionado de cloreto de litio em diferentes concentragdes.

Valores com letras mindsculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 1g/L 2g/L 3g/L ANOVA

667 Lb. casei CIRM-BIA 667' CNRZ 313" 2,11 £ 1,007 2,04+1,11° 1,85+ 1,28% 1,55 + 1,412 Fia)= 0,148; p= 0,929
767 Lb. casei CIRM-BIA 767 CNRZ 1244 1,38 £0,57° 1,51 +0,56° 1,26 +0,79° 0,67 +0,58° Feay= 1,111, p= 0,386
769 Lb. casei CIRM-BIA 769 CNRZ 1874 2,06 +£1,10° 1,97 +1,28% 1,97 £ 1,252 2,84 +0,49° F(,10~ 0,304; p = 0,822
771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,82+0,87° 1,98 +£0,92° 1,84 +0,92° 2,32 +£0,06° F@.10= 0,178; p = 0,909
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 1,94 +0,75° 2,42+1,13° 2,00 +£0,81° 2,41+0,10° F@.10= 0,313; p = 0,816
1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 171+039° 1,75+0,23*  2,24+0,29° 1,74+0,25° Fa.12= 2,955; p= 0,075
566 Lb. paracasei CCT 0566 ATCC 10746 1,72 £ 0,66° 1,78 £0,62° 1,80 +0,69° 1,69 +0,58° F@.12= 0,025; p = 0,994
7501 Lb. paracasei CCT 7501 2,57 £0,32° 2,63 £0,51° 2,77 £0,39° 2,62 +0,33° Fi12=0,186; p = 0,904
335 Lb. paracasei ATCC 335 1,54 +0,18° 1,50 £0,12° 0,30 + 0,00° 0,95 + 0,00 Fa.8= 47,506; p < 0,0001
6 Lb. rhamnosus ATCC 7469 2,06 +£0,43° 2,03+0,37° 2,09 +0,49° 1,90 +0,26° F@, 1= 0,185; p = 0,904
95 Lb. rhamnosus ATCC 9595 2,12 +£0,10° 2,12 +£0,25° 2,24 £0,12° 2,19 +£0,37° Fei12=0,232; p = 0,872
842 Lb. rhamnosus CCT 0842 2,00 +£0,61° 2,11+0,38° 2,08 £ 0,44° 2,08 +£0,50° F@.12= 0,036; p = 0,990
5835 Lb. rhamnosus CCT 5835 2,65 +0,33° 2,74 £0,21° 2,76 £0,27° 2,79 £0,20° F@.12= 0,206; p = 0,890
12 Lb. plantarum ATCC 10012 2,10 +£0,14° 2,29+0,19° 2,28 £0,25° 2,02 £0,16* F@, 12= 2,067; p = 0,158
14 Lb. plantarum ATCC 8014 2,56 +£0,37° 2,79+0,61° 2,51 +0,85° 2,05+1,78° F@.11= 0,351; p = 0,789
30 Lb. leishmanii ATCC 7830 1,58+0,35*  1,00+0,00°  1,00+° - F6=6,092; p = 0,036
38 Lb. fermentum ATCC 9338 2,49 £0,23° 2,31 +0,54° 2,32+0,43° 2,40 £ 0,49° F@i2= 0,141; p = 0,934
71 Lb. fermentum ATCC 23271 2,19+0,53° 2,65+ 0,42 2,62 +0,44° 2,63+0,42¢ F@.12= 0,953; p = 0,446
46 Lb. helveticus ATCC 12046 2,23+0,23° 0,50 +0,71° - - Fa.4= 24,132; p = 0,008
L5 Lb. acidophilus LA-5® (comercial) 2,32+0,39°  3,14+0,03® 256+0,14° 3710000  Fge=12,460; p = 0,005
SB Lb. acidophilus 74-2 (comercial) 1,45+0,39°  2,72+0,03* 2,70+0,16° 2,95+0,05°  F;34=18,275; p = 0,002
97 Lb. delbrueckii subsp. lactis ATCC 4797 1,64+0,42*  135+0,04® 0,00+° - Fe.4=8,170; p = 0,039
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 1,11 +0,97° 1,33 +£0,96° 1,21 + 0,46° - F.s=0,063; p= 0,939
66 Streptococcus thermophilus ST 066 (comercial) 1,86 +0,39° 1,96 £ 0,76° 1,62 +1,16° 2,00 + 0,00° Fs.10= 0,160; p= 0,921
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,04 £0,20° 2,54 £0,67° 1,55 +1,09° 2,95+0,01° Fa9= 2,295; p = 0,147
AS Streptococcus thermophilus TH-4® (comercial) 2,36 £0,14° 2,92 +0,38° 3,03 +0,67° 3,25 +0,00° Fa.10= 2,546; p= 0,115
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Tabela 2. Comparacdes individuais, por cepa bacteriana testada, das contagens obtidos em &gar MRS adicionado de propionato de sodio em diferentes

concentragdes. Valores com letras minusculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 2g/L 3g/L 4g/L ANOVA

667 Lb. casei CIRM-BIA 667' CNRZ 313" 1,54 +1,24° 1,72 + 1,04 1,70 £ 1,04° 1,65 + 0,98% F@ 12= 0,022; p = 0,995
767 Lb. casei CIRM-BIA 767 CNRZ 1244 1,87 +1,20° 1,80 +1,33° 1,52 +1,60° 1,82+1,19° Fe 12= 0,056; p = 0,982
769 Lb. casei CIRM-BIA 769 CNRZ 1874 1,64 + 1,09 1,85 +0,89% 1,80 £ 0,91° 1,84 +0,94° F 12= 0,043; p = 0,988
771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,72 +0,86° 1,76 +0,80° 1,69 +0,79° 1,73+0,71° Fe 12= 0,006; p = 0,999
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 2,17 +0,72% 2,18 + 0,64° 2,05 + 0,68° 2,16 + 0,59° Fe 12= 0,035; p = 0,991
1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 1,82 +0,29° 1,99 +0,30° 1,98 +£0,21° 1,91 +0,26° F@, 12= 0,348, p= 0,792
566 Lb. paracasei CCT 0566 ATCC 10746 1,74 + 0,64° 1,72 +0,71% 1,79 +0,61° 1,87 +0,48° F@ 1= 0,051; p = 0,984
7501 Lb. paracasei CCT 7501 2,78 £0,36° 2,97 £0,11° 2,95+0,12° 2,98 +£0,14° Fi 12=0,769; p = 0,533
335 Lb. paracasei ATCC 335 1,43 +0,00® 1,47 +0,01° 1,25 + 0,06™ 1,17 £0,20° F@ 1= 7,695; p = 0,004
6 Lb. rhamnosus ATCC 7469 2,78 +0,12° 2,20 +0,76° 2,15+0,72* 2,20 +£0,75° F(s 12= 0,854; p = 0,491
95 Lb. rhamnosus ATCC 9595 3,18 £ 0,00 3,26 + 0,00 3,06 + 0,00 3,30 £ 0,00 Feip=:p=

842 Lb. rhamnosus CCT 0842 1,84 +0,33° 2,09 +0,13° 2,13+0,27° 2,15 +0,05* Fi 1= 1,612; p=0,238
5835 Lb. rhamnosus CCT 5835 1,97 + 0,69° 2,01 +0,74% 2,05 + 0,64° 2,00 +0,67° F 12= 0,010; p = 0,998
12 Lb. plantarum ATCC 10012 2,32+0,07° 2,39 +0,34° 2,38 +0,24° 2,52 +0,27° Fi 12=0,473; p=0,707
14 Lb. plantarum ATCC 8014 2,60 + 0,85° 2,70 + 0,59° 2,62 +0,81° 2,52 + 0,66° Fe 12= 0,040; p = 0,989
30 Lb. leishmanii ATCC 7830 2,07 +0,87° 2,00 +0,76° 1,94 +1,03° 1,91 +0,86° Fi 12= 0,025; p = 0,994
38 Lb. fermentum ATCC 9338 2,25+ 0,09° 2,70 £ 0,23% 2,54 +0,28° 2,64 +0,25° Fi 12= 3,112; p = 0,067
71 Lb. fermentum ATCC 23271 1,59 + 0,00 1,78 +0,00° 1,89 +0,10° 1,82 +0,10° Fi 1= 12,591; p = 0,001
46 Lb. helveticus ATCC 12046 2,13 +0,50° 2,37 +0,43° 2,43 +0,51° 2,31+0,51° F 12= 0,283; p = 0,836
L5 Lb. acidophilus LA-5® (comercial) 1,93 +0,16° 2,66 +0,91° 2,65 +0,93° 2,69 +0,88° F@ 12=0,881; p= 0,478
SB Lb. acidophilus 74-2 (comercial) 2,70 £0,68° 3,26 £0,29° 3,51 +0,48° 3,45+0,51° F@e 12=2,123; p=0,151
97 Lb. delbrueckii subsp. lactis ATCC 4797 1,85+0,17° 1,85 +0,34% 1,82 +0,42° 1,76 £ 0,39° F( 1= 0,059; p = 0,980
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 2,95+ 0,62° 2,15 +1,94° 2,40 = 2,08° 1,87 +1,72° Fe, 1= 0,305; p = 0,821
66 Streptococcus thermophilus ST 066 (comercial) 2,19 + 0,00 4,13 +0,00° 3,97 0,03 3,91 +0,02° F@, 12= 8545,867; p < 0,0001
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,32 £0,25° 3,21 +1,05° 3,20 +£0,89° 2,91 +0,74° F, 1= 1,125; p= 0,378
AS Streptococcus thermophilus TH-4® (comercial) 2,31 +0,00° 3,96 +0,02° 3,90 + 0,04° 3,68 +0,51° F(s 12= 36,887; p < 0,0001
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Tabela 3. Comparacdes individuais, por cepa bacteriana testada, das contagens obtidos em 4gar MRS adicionado de bile em diferentes concentracfes. Valores com

letras minusculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 1 mg/L 1.5 mg/L 2mg/L ANOVA

667 Lb. casei CIRM-BIA 667' CNRZ 313" 2,54 +0,99° 2,20 +£0,53° 1,67 +0,09° 1,37 £0,52° Fe 8= 1,487; p=0,290
767 Lb. casei CIRM-BIA 767 CNRZ 1244 2,88 +£0,99° 2,46 +0,76° 2,24 +0,99° 2,12 +0,73° Fe 1= 0,521; p=0,677
769 Lb. casei CIRM-BIA 769 CNRZ 1874 1,97 £ 0,16% 1,89 +0,22% 1,77 £0,10° 1,87 £0,12° Fi 6= 0,730; p=0,570
771 Lb. casei CIRM-BIA 771 CNRZ 1393 2,10 £ 0,26° 2,03 £0,45° 1,80 +0,90% 1,51 +1,05° Fi 1= 0,493; p = 0,694
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 1,87 +0,24° 1,69 +0,27* 1,60 +0,14® 0,85 +° Fe, 7= 4,834; p=0,040
1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 252+043*  256+042° 256+036° 251+041° F(s, 12= 0,014; p = 0,998
566 Lb. paracasei CCT 0566 ATCC 10746 2,66 +0,77° 2,77 + 0,60° 2,32+0,18° 2,13 +0,39° Fi 12= 1,252; p = 0,335
7501 Lb. paracasei CCT 7501 2,33 £0,44° 2,24 +0,65° 2,39 +0,71° 2,75+0,13° Fi 12= 0,696; p= 0,572
335 Lb. paracasei ATCC 335 1,78 £0,13° 2,43 +0,03° 2,38 + 0,00° 2,17 +0,13% Fe, 6= 23,268; p = 0,001
6 Lb. rhamnosus ATCC 7469 2,16 +0,25° 2,44 +0,27° 2,42 +0,14° 2,44 +0,09° F@s 12=1,838; p=0,194
95 Lb. rhamnosus ATCC 9595 1,92 + 0,40° 2,36 +0,15° 2,29 +0,15° 2,32 +0,09° Fi 12= 3,221; p = 0,061
842 Lb. rhamnosus CCT 0842 2,06 +0,14° 1,91 +0,06° 1,83 +0,26° 2,00 +0,21% Fi 10= 1,134; p=0,382
5835 Lb. rhamnosus CCT 5835 1,48 +0,68° 2,00 +0,01° 1,51 +0,59° 1,98 + 0,03* Fi 8= 0,723; p = 0,566
12 Lb. plantarum ATCC 10012 1,68 +1,06° 2,25 +0,43° 2,24 +0,36° 1,92 +0,81° F 12= 0,583; p = 0,637
14 Lb. plantarum ATCC 8014 1,64+1,12° 1,85+ 0,26° 1,62 +0,35° 1,40 + 0,44° Fe 12= 0,335; p = 0,800
30 Lb. leishmanii ATCC 7830 1,68 +0,81° 1,60 + 0,69° 2,13+0,20° 1,35+ 0,89° Fi 12= 0,854; p= 0,491
38 Lb. fermentum ATCC 9338 1,69 + 0,69° 1,49 +0,57° 1,24 + 0,40° 0,95 +0,57% Fe 1= 1,209; p = 0,352
71 Lb. fermentum ATCC 23271 2,89 +0,44° 3,10 +0,51° 3,21 +0,45° 3,16 £ 0,51° F( 12= 0,355; p = 0,787
46 Lb. helveticus ATCC 12046 1,94 +1,22° 1,65+ 0,10° 1,68 +0,10° 0,00 + 0,00? Fe 6= 2,375; p=0,169
L5 Lb. acidophilus LA-5® (comercial) 2,84 +0,47° 2,82 +0,48° 2,86 +0,48° 2,86 +0,49° F( 1= 0,007; p = 0,999
SB Lb. acidophilus 74-2 (comercial) 2,40 £0,24° 2,92 +0,78° 2,75 +0,67° 2,87 +0,82% F(s 12= 0,496; p = 0,692
97 Lb. delbrueckii subsp. lactis ATCC 4797 2,42 +£0,25° 2,49 +0,82° 2,67 +1,44° 3,33+0,01° F( 9= 0,590; p = 0,637
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 1,64 +0,34° 1,32 +£0,03° 1,92 +0,24° 1,58 + 0,46° Fi, 6= 1,176; p = 0,394
66 Streptococcus thermophilus ST 066 (comercial) 1,81+0,33° 2,44 +£0,01° 2,48 +0,02° 2,34 +0,08° F(. 6= 5,495; p = 0,037
ST Streptococcus thermophilus Yo-Mix™ (comercial) 1,82 £0,43° 2,33+0,01° 2,22 +£0,03* 2,29 +£0,01° F.6= 1,851; p=0,239
AS Streptococcus thermophilus TH-4® (comercial) 2,27 £ 0,64° 3,34 +0,01° 2,35 + 2,03 3,39 +0,00° F@s 7=0,710; p=0,576
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Tabela 4. Comparacdes individuais, por cepa bacteriana testada, das contagens obtidos em dgar MRS adicionado de acido nalidixico em diferentes concentragdes.

Valores com letras mindsculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 10 mg/L 15mg/L 20mg/L ANOVA

667 Lb. casei CIRM-BIA 667" CNRZ 313" 2,10+ 0,53 - - - -

767 Lb. casei CIRM-BIA 767 CNRZ 1244 2,39 £1,29° 3,50 +£0,41° 3,15+0,83° - Fes=0,809; p = 0,496
769 Lb. casei CIRM-BIA 769 CNRZ 1874 2,18 £0,47 - - - -

771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,87 £0,23° 0,95+0,07 - - Fa.4= 28,594; p = 0,006
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 2,03+0,30 - - - -

1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 2,63+081*°  2,47+0,87" 230+094°  237+0,86"  Fg 12=0,112; p=0,952
566 Lb. paracasei CCT 0566 ATCC 10746 2,46 +0,83° 2,56 + 0,74° 2,27 + 0,45% 2,02 +£0,63° Fe, 1= 0,460; p = 0,716
7501 Lb. paracasei CCT 7501 2,18 +0,37° - - 1,00+° Fa.3=7.875; p= 0,068
335 Lb. paracasei ATCC 335 2,45 + 1,40° 2,09 +1,22° 1,15+ 0,15% 1,49 £ 0,872 Fi 8= 1,019; p=10,434
6 Lb. rhamnosus ATCC 7469 3,00 +0,92° 2,46 + 0,40° 2,47 +0,44° 2,51 +0,51° F 12=0,762; p = 0,537
95 Lb. rhamnosus ATCC 9595 3,02 + 0,54° 2,72+0,19° 2,71 +0,20° 2,98 +0,37° Fe 12= 0,856; p = 0,490
842 Lb. rhamnosus CCT 0842 1,86 + 0,49° 1,83 +0,51° 1,80 +0,70° 1,72 +0,60° Fe 10= 0,041; p = 0,988
5835 Lb. rhamnosus CCT 5835 2,54 +0,69° 2,51 +0,65° 2,48 +0,76° 2,35+ 0,74° F@ 12= 0,057; p = 0,981
12 Lb. plantarum ATCC 10012 2,92 +0,78° 2,23+0,13° 2,28 +0,13° 2,72 +0,56° Fi 1= 1,895; p=0,184
14 Lb. plantarum ATCC 8014 3,16 + 0,44° 2,16 +0,79° 2,45 + 0,40° 2,54 +0,27¢ F 12= 2,658; p = 0,096
30 Lb. leishmanii ATCC 7830 3,18 +0,45° 2,54 +0,52° 3,01+0,41° 2,68 +0,32° Fi 1= 0,904; p=0,183
38 Lb. fermentum ATCC 9338 2,57 +0,68° 1,67 +0,52° 1,73+0,28° 2,00 +0,28° F 12= 3,038; p= 0,071
71 Lb. fermentum ATCC 23271 3,18+0,11° 2,95 +0,30° 2,83 +0,30° 2,79 +0,34% Fi 12= 1,616; p = 0,237
46 Lb. helveticus ATCC 12046 2,77 +£0,79° 1,41 +0,37% 1,55 +1,16% 2,47 +0,40° Fe 9= 2,198; p=0,158
L5 Lb. acidophilus LA-5® (comercial) 2,32 +0,85 1,82 +0,22° 2,15+0,72% 2,11 +0,79° F 12=0,362; p = 0,782
SB Lb. acidophilus 74-2 (comercial) 2,84+0,37°  213+0,30° 252+0,29° 252+0,37°  Fg 12=3,048; p=0,070
97 Lb. delbrueckii subsp. lactis ATCC 4797 2,72 +0,50° 2,45 +0,15° 2,36 £0,21° 2,45 +0,21° Fe 1= 1,117; p=0,381
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 2,80 £0,78° 2,14 +£0,05* 1,85+ 0,08° 3,12 +0,05* F. 6= 2,416; p = 0,165
66 Streptococcus thermophilus ST 066 (comercial) 2,79 £ 0,55 1,27 £0,85° 1,57 +1,15° 3,20 +0,25° F 10= 3,874; p = 0,045
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,56 £0,71 2,63+0,21 2,47 £0,01 3,06 £ 0,06 F@, 6= 0,555; p = 0,663
AS Streptococcus thermophilus TH-4® (comercial) 2,81+059"  1,88+0,44® 172+0,47° 145+0,78°  F( 1= 4,082; p=0,033
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Tabela 5. ComparacOes individuais, por cepa bacteriana testada, das contagens obtidos em &gar MRS adicionado de vancomicina (teste 1) em diferentes

concentragdes. Valores com letras minusculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 0.5 mg/L Img/L 1.5 mg/L ANOVA

667 Lb. casei CIRM-BIA 667' CNRZ 313" 2,08 £ 0,26 2,23+£0,13 2,24 £ 0,03 2,20£0,13 -

767 Lb. casei CIRM-BIA 767 CNRZ 1244 1,91 +0,30° 1,85 +0,48° 1,71 +0,59° 1,71 £0,59* Fi 12= 0,167, p=0,917
769 Lb. casei CIRM-BIA 769 CNRZ 1874 1,97 £ 0,57 2,26 £ 0,20 2,45+0,13 2,23 £0,30 -

771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,48 £ 0,75° 1,35 +0,90° 1,21 +1,05% 1,31+0,89° Fi 12= 0,062; p = 0,979
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 2,61 + 0,56 2,29+0,84 2,44 +0,82 2,45 +0,83 -

1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 2,47+020°  2,48+0,20° 228+032° 245+0,15" F(s, 12= 0,665; p = 0,590
566 Lb. paracasei CCT 0566 ATCC 10746 1,71 +0,50° 1,67 + 0,54° 1,60 + 0,65° 1,54 +0,67° Fe 12= 0,066; p = 0,977
7501 Lb. paracasei CCT 7501 1,80+094° 183+0,84* 181+081° 180+0,93"  Fg 12=0,001; p=1,000
335 Lb. paracasei ATCC 335 2,19 +0,84° 1,29 + 0,24° 1,46 +0,28° 1,15 +0,42° F 12= 3,396; p = 0,054
6 Lb. rhamnosus ATCC 7469 3,08 +0,15° 2,47 £0,79° 2,25+1,15* 3,53 +0,30° Fi 12= 2,628; p = 0,098
95 Lb. rhamnosus ATCC 9595 3,11+0,73% 3,26 + 0,42° 2,94 +0,85° 3,53+0,19° Fi 12= 0,679; p = 0,581
842 Lb. rhamnosus CCT 0842 2,21 +0,80° 2,46 +0,74° 2,36 +0,72° 2,37+0,71% Fe 12= 0,080; p = 0,970
5835 Lb. rhamnosus CCT 5835 1,95 + 0,56° 2,17 +0,37% 1,80 + 0,78 1,65 + 0,86° Fs 12= 0,425; p= 0,738
12 Lb. plantarum ATCC 10012 2,43+0,32® 2224049 255024 309+047°  Fg 12=3,574; p=0,047
14 Lb. plantarum ATCC 8014 2,80 + 0,42° 2,33 +0,84° 2,35+0,79° 1,83 +1,28° Fi 12= 0,793; p = 0,521
30 Lb. leishmanii ATCC 7830 3,00 +0,19° 2,38 +0,66° 2,39 + 0,66° 3,37 £0,42% Fe 12= 3,485; p = 0,050
38 Lb. fermentum ATCC 9338 1,62 +0,00° 1,88 +0,09° 2,86 + 0,03 3,46 +0,01° F, 12= 1299,384; p < 0,001
71 Lb. fermentum ATCC 23271 2,77+0,22® 210+055°  269+0,17° 3,05+043"  Fg 12=4,532; p=0,024
46 Lb. helveticus ATCC 12046 2,24 +0,26° 1,60 + 0,44° 1,65 + 0,55° 1,60 + 0,48° Fi 12= 1,946; p= 0,176
L5 Lb. acidophilus LA-5® (comercial) 1,85+0,43®  1,99+0,24® 249+0,72° 131014  Fg 12=4,823;p=0,020
SB Lb. acidophilus 74-2 (comercial) 221+0,18" 245+0,27"° 284+051° 210+0,14"  Fg 12=4,130; p=0,032
97 Lb. delbrueckii subsp. lactis ATCC 4797 2,12 +0,06° 2,14 +0,15° 2,86 + 0,86° 2,12 +0,19° F 12= 2,641; p = 0,097
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 2,20 +0,02° 2,51 +0,61° 2,71 £ 0,59° 2,24 £0,17° Fes, 12= 1,246; p = 0,336
66 Streptococcus thermophilus ST 066 (comercial) 2,13 +0,08° 1,42 £1,26° 1,76 +0,19° 1,33+ 0,54° Fs 1= 1,348; p = 0,309
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,53 £0,48° 2,55 +0,44° 2,65 +0,33° 1,95 +0,89° Fs, 1= 1,499; p = 0,265
AS Streptococcus thermophilus TH-4® (comercial) 2,40 £ 0,20° 2,54 +0,20° 2,56 +0,18° 2,49 +0,15* F( 12= 0,654; p = 0,596
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Tabela 6. ComparacOes individuais, por cepa bacteriana testada, das contagens obtidos em agar MRS adicionado de metronidazol em diferentes concentragdes.

Valores com letras mindsculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 7.5 mg/L 10mg/L 12.5 mg/L ANOVA

667 Lb. casei CIRM-BIA 667' CNRZ 313" 191+£0,41 2,17 £0,61 2,10£0,73 2,26 £ 0,61 -

767 Lb. casei CIRM-BIA 767 CNRZ 1244 2,23 £0,14° 2,38 £0,31° 2,51 +0,46° 2,54 +0,44° F 12= 0,631; p = 0,609
769 Lb. casei CIRM-BIA 769 CNRZ 1874 2,01 £0,64 2,64 £0,33 2,47+0,43 2,70 £0,32 -

771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,80 + 0,40° 1,92 +0,67° 2,16 £0,77° 2,27 £0,54° F 12= 0,488; p = 0,697
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 2,12 +0,91 2,09+1,12 1,92 +1,20 1,92+1,17 -

1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 1,99+0,74° 1,99+0,84*  2,00+£085"  2,01+0,89° F( 12= 0,000; p = 1,000
566 Lb. paracasei CCT 0566 ATCC 10746 2,03+0,31° 1,97 +0,82° 2,07 +0,89° 1,93 + 0,96° F 12= 0,023; p = 0,995
7501 Lb. paracasei CCT 7501 2,15 +0,55° 2,42 +0,60° 2,42 +0,48° 2,39 +£0,62° Fi 12=0,224; p=0,872
335 Lb. paracasei ATCC 335 2,06 + 0,69° 2,65+ 0,67° 2,35 +0,48° 1,78 +1,04° Fe 1= 0,865; p = 0,488
6 Lb. rhamnosus ATCC 7469 2,93 +0,23° 3,25 +0,26° 2,71+0,51* 2,42 +0,77° F@s 12=1,969; p=0,173
95 Lb. rhamnosus ATCC 9595 3,12+0,71% 2,97 + 0,94° 3,02 +0,84° 2,95 +0,78° F@ 12= 0,033; p = 0,992
842 Lb. rhamnosus CCT 0842 2,62 +0,41° 2,97 £ 0,24° 2,93 +0,20° 2,86 +0,17° Fi 12= 1,347; p= 0,305
5835 Lb. rhamnosus CCT 5835 2,16 +0,20° 2,32 +0,42% 2,31 +0,49° 2,45 + 0,46° Fa 12= 0,326; p = 0,806
12 Lb. plantarum ATCC 10012 2,59 +0,18° 2,84 +0,75° 2,31 +0,54° 1,68 +1,26° Fi 12= 1,609; p = 0,239
14 Lb. plantarum ATCC 8014 3,09 + 0,55° 3,11 +0,23° 2,51 +0,65° 2,43 +0,65° Fe 12= 1,773; p = 0,206
30 Lb. leishmanii ATCC 7830 2,80 +0,42° 2,88 +0,59° 1,69 +0,83° 2,36 + 1,04° Fi 12= 2,090; p = 0,155
38 Lb. fermentum ATCC 9338 3,26 + 0,80° 3,49 +0,08° 3,06 +0,91° 2,66 +1,27° F@ 12= 0,649; p = 0,599
71 Lb. fermentum ATCC 23271 2,53 +0,14° 3,06 +0,53° 2,42 + 0,63 2,25 +0,48° Fi 12=2,097; p=0,154
46 Lb. helveticus ATCC 12046 2,40 +0,52° 3,07 +0,73% 2,45 + 0,45° 2,06 +0,71° Fi 12=1,875; p= 0,188
L5 Lb. acidophilus LA-5® (comercial) 1,99 +0,24° 2,62 + 0,45 2,77 £0,42% 1,68 +1,18% Fe 12=2,331; p=0,126
SB Lb. acidophilus 74-2 (comercial) 2,19 +0,10° 2,97 £0,39° 2,88 +0,47° 2,53 + 0,54° Fs 1= 2,998; p = 0,073
97 Lb. delbrueckii subsp. lactis ATCC 4797 2,14+0,05° 2,70+0,33* 3,02+056° 3,11+0,38°  Fg 12=5,382; p=0,014
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 2,15+ 0,09 2,98+0,48®  3,04+0,53 2,95+0,43"  F 1= 4,026; p = 0,034
66 Streptococcus thermophilus ST 066 (comercial) 2,16 £0,21° 3,10+ 0,63 3,15 +0,69° 2,85+ 0,38° Fs 12= 3,190; p = 0,063
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,49 +0,48° 2,74 +1,15° 2,24 +1,04° 3,08 £ 0,44° F,12= 0,736; p = 0,551
AS Streptococcus thermophilus TH-4® (comercial) 2,46 £0,27° 3,03 +0,69° 2,72 +0,44° 2,56 + 0,50° F@e 12= 1,022; p = 0,417
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Tabela 7. ComparacOes individuais, por cepa bacteriana testada, das contagens obtidos em &gar MRS adicionado de vancomicina (teste 2) em diferentes
concentragdes. Valores com letras minusculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 10 mg/L ANOVA

667 Lb. casei CIRM-BIA 667" CNRZ 313" 2,08+0,04*  2,13+0,10° Fae=0,942; p = 0,369
767 Lb. casei CIRM-BIA 767 CNRZ 1244 2,23 £0,02° 2,39 +0,09° Fue=13,271; p=0,011
769 Lb. casei CIRM-BIA 769 CNRZ 1874 2,30 £ 0,04° 2,21+0,12° Fae=2,071; p= 0,200
771 Lb. casei CIRM-BIA 771 CNRZ 1393 1,81 +0,06° 1,77 £0,03° Fue=1,551; p= 0,259
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 1,98 +0,08° 1,98 +0,04° Fa.s= 0,003; p = 0,957
1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 2,17 +0,07° 2,12 +0,06° Fas=0,765; p= 0,415
566 Lb. paracasei CCT 0566 ATCC 10746 2,30 £0,07° 2,36 £0,12° Fae=0,704; p= 0,434
7501 Lb. paracasei CCT 7501 1,98+0,09° 2,06 +0,06" Fae=2,079; p= 0,199
335 Lb. paracasei ATCC 335 0,70 £0,29° 0,72 +0,16* Fae= 0,014; p= 0,908
6 Lb. rhamnosus ATCC 7469 2,16 +0,07° 2,16 +0,05° Fae=0,002; p = 0,965
95 Lb. rhamnosus ATCC 9595 2,40 £ 0,09° 2,46 £0,10° Fae=0,784; p= 0,410
842 Lb. rhamnosus CCT 0842 1,80 +0,12° 1,76 +0,08° Fae=0,294; p= 0,607
5835 Lb. rhamnosus CCT 5835 2,17 +0,11* 2,17 +0,11* Fae=0,001; p= 0,977
12 Lb. plantarum ATCC 10012 1,91 +0,03* 1,85 + 0,05% Fae=3,578; p= 0,107
14 Lb. plantarum ATCC 8014 2,52 +0,08° 2,51+0,13" Fae=0,029; p=0,871
30 Lb. leishmanii ATCC 7830 3,06 +£0,20 - -

38 Lb. fermentum ATCC 9338 2,74+0,17% 2,68 +0,11* Fae=0,319; p= 0,593
71 Lb. fermentum ATCC 23271 2,09 + 0,222 1,74 +0,05° Fa.e=9.648; p=0,021
46 Lb. helveticus ATCC 12046 1,63 + 0,06 - -

L5 Lb. acidophilus LA-5® (comercial) 1,91+0,09 - -

SB Lb. acidophilus 74-2 (comercial) 2,29+0,13 - -

97 Lb. delbrueckii subsp. lactis ATCC 4797 1,82+ 0,06 - -

44 Lb. delbrueckii subsp. delbrueckii CCT 3744 2,45 +0,11° 0,00 + 0,00 F.4= 964,336; p < 0,0001
66 Streptococcus thermophilus ST 066 (comercial) 2,32+0,28 - -

ST Streptococcus thermophilus Yo-Mix™ (comercial) 3,05+0,12° 1,37 +0,13° Fa6= 367,610; p < 0,0001
AS Streptococcus thermophilus TH-4® (comercial) 1,73+ 0,06 - -
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Tabela 8. Comparacg0es individuais, por cepa bacteriana testada, das contagens obtidos em agar MRS adicionado de cloreto de 2,3,5,-trifeniltetrazélio em diferentes

concentragdes. Valores com letras minusculas diferentes sdo estatisticamente diferentes por ANOVA (p < 0.05).

Isolado  Espécie Controle 15 mg/L 30mg/L 45mg/L ANOVA

667 Lb. casei CIRM-BIA 667 CNRZ 313" 251+0,34° 243+044° 0,77+0,10° 015%021°  Fg = 30,668; p < 0,0001
767 Lb. casei CIRM-BIA 767 CNRZ 1244 2,04 £0,08° 2,01+£0,03° 0,85+ 0,47 0,30 " Fe, 9= 23,066; p = 0,000
769 Lb. casei CIRM-BIA 769 CNRZ 1874 2,14 £0,31° 1,91+ 0,44° 1,63 +0,04° - Fen=1,473; p= 0,293
771 Lb. casei CIRM-BIA 771 CNRZ 1393 2,19 £ 0,26° 2,05 +0,36° 2,15 +0,04° - Fen=0,232; p=0,799
1465 Lb. casei subsp. casei CCT 1465 ATCC 393 2,27 +0,19° 2,29 +0,11° 1,58 + 0,09 - Fen=18,232; p = 0,002
1376 Lb. casei subsp. alactosus CCT 1376 NCDO 2713 2,10+0,13° 2,11 +0,06° 2,02 +0,09° 0,60 + 0,30 F@, 12= 74,114; p < 0,0001
566 Lb. paracasei CCT 0566 ATCC 10746 2,51 +0,03° 2,50 +0,02° 1,09 +£0,27° 0,92 +0,44° Fe, 8= 59,421; p < 0,0001
7501 Lb. paracasei CCT 7501 2,37 £0,01° 2,33+0,02® 2,38 +£0,10° 2,24 +0,05° Fe 12=5,098; p= 0,017
335 Lb. paracasei ATCC 335 1,31 +0,06 - - - -

6 Lb. rhamnosus ATCC 7469 2,74 £0,01° 2,81 +0,09° 2,77 £ 0,05% 2,76 £0,02° Fe 12= 1,166; p = 0,363
95 Lb. rhamnosus ATCC 9595 2,53 +0,03° 2,50 + 0,05% 2,51 +0,03* 2,55 +0,01° Fe 12= 1,922; p = 0,180
842 Lb. rhamnosus CCT 0842 1,87 +0,50° 1,83 +0,38° 1,56 +0,18° 0,79 +0,29° F 12= 7,804; p = 0,004
5835 Lb. rhamnosus CCT 5835 2,10 +0,70° 2,08 +0,73% 2,01+0,71° 2,08 +£0,74° F@ 12= 0,013; p = 0,998
12 Lb. plantarum ATCC 10012 1,83 +0,09° 1,79 £ 0,04° 1,78+0,11° 1,77 +£0,08% Fi 12= 0,349; p=0,790
14 Lb. plantarum ATCC 8014 2,31 +0,05° 2,29 +0,02° 2,29 +0,03* 2,32 +£0,03° F@ 12= 0,731; p = 0,553
30 Lb. leishmanii ATCC 7830 2,00+0,17° 1,97 £0,20° 2,00 +0,07% 2,06 £0,19° Fi 12= 0,202; p = 0,893
38 Lb. fermentum ATCC 9338 2,11 +0,09° 2,13 +0,02° 2,09 +0,07% 2,17 £0,08° F 12= 0,633; p = 0,608
71 Lb. fermentum ATCC 23271 2,89 +0,44° 3,10 +0,51° 3,21 +0,45° 3,16 £0,51° Fi 12= 0,122; p = 0,945
46 Lb. helveticus ATCC 12046 1,91 + 0,55° 1,87 +0,59° 1,96 + 0,60° 2,01 +0,56° F 12= 0,043; p = 0,987
L5 Lb. acidophilus LA-5® (comercial) 1,96 + 0,04° 1,96 + 0,04° 1,96 +0,02° 1,92 +0,05% Fe 12= 1,249; p=0,335
SB Lb. acidophilus 74-2 (comercial) 1,89 +0,15° 1,81 +0,14° 1,60 +0,21° 1,82+0,11° Fs 12= 2,620; p = 0,099
97 Lb. delbrueckii subsp. lactis ATCC 4797 2,00 +0,02° 2,14 +0,16° 1,98 + 0,06% 1,97 +0,10% Fs 12= 2,609; p = 0,100
44 Lb. delbrueckii subsp. delbrueckii CCT 3744 1,89 +0,37% 1,92 +0,30% 1,78 £ 0,42° 1,85 + 0,24% F, 1= 0,118; p = 0,948
66 Streptococcus thermophilus ST 066 (comercial) 1,84 £0,07° 1,83+0,12° 1,16 £0,21° 0,69 +0,18° F( 1= 50,119; p < 0,0001
ST Streptococcus thermophilus Yo-Mix™ (comercial) 2,08 £0,15° 2,04 £0,12° 1,99 +0,05° 1,96 +0,07° Fes, 1= 0,968; p = 0,440
AS Streptococcus thermophilus TH-4® (comercial) 2,11+0,02°  2,08+0,06°0  1,97+0,03° 1,87+0,17°  Fg 12=5,613; p=0,012
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