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RESUMO 

 

O mercado consumidor busca cada vez mais alimentos funcionais, com benefícios 

adicionais à nutrição. Os derivados lácteos são excelentes fontes desses benefícios 

visto que estão presentes na rotina alimentar da população, em variadas formas de 

consumo, abrangendo diferentes públicos-alvo e de variado poder aquisitivo. No 

entanto, alguns indivíduos são intolerantes à lactose, principal carboidrato do leite, 

que também está presente em produtos fermentados, o que leva a um grande prejuízo 

na comercialização dos produtos lácteos além de uma restrição alimentar para o 

consumidor. Dessa forma, estudos relacionados à incorporação da enzima β-

galactosidase e ao comportamento das bactérias láticas em relação a ação inibidora 

frente aos microrganismos patogênicos devem ser realizados a fim de possibilitar a 

elaboração de uma classe de alimentos que atendam às premissas expostas, assim 

como às exigências das legislações e ainda, apresentem características 

microbiológicas, físico-químicas e sensoriais adequadas. Diante do exposto, objetiva-

se com este trabalho verificar o efeito da redução da lactose sobre a viabilidade da 

Escherichia coli enterohemorrágica em iogurtes produzidos com leite bovino. A partir 

dos resultados do primeiro experimento (Artigo 1), foi observado que uma 

contaminação inicial de leite aumenta a contagem de E. coli O157: H7 durante a 

fermentação (4,34 log UFC.mL-1 para 6,13 log UFC.mL-1 no iogurte tradicional e 6,16 

log UFC.mL-1em baixa iogurte lactose) e altera as características dos iogurtes durante 

o processo de fermentação, com formação de grande quantidade de bolhas de ar e 

sinérese. Estes resultados foram decisivos para o desenvolvimento do segundo 

experimento (Artigo 2), em que foi utilizado um método de inoculação diferente e 

observou-se que uma contaminação inicial de leite por E. coli O157: H7 aumenta sua 

contagem durante a fermentação. Notou-se também que a E. coli foi capaz de 

sobreviver durante 10 dias em iogurte com leite tradicional e pré hidrolisado e durante 

22 dias em iogurte preparado a partir de leite sem lactose. 

Palavras-chave: Iogurte. Intolerância a lactose. β-galactosidase. Escherichia coli 

 



 

 

 

ABSTRACT 

 

 

The consumer market demands increasingly functional foods with additional benefits 

to nutrition. The dairy products are excellent sources of these benefits as they are 

present in the routine diet of the population in various forms of consumption, including 

different target audiences and different purchasing power. However, some individuals 

are intolerant to lactose, the main carbohydrate in milk, which is also present in 

fermented products, leading to a great loss to the dairy product’s market and a food 

restriction to the consumer. In this way, studies related to the incorporation of the 

enzyme β-galactosidase and the behavior of lactic bacteria in relation to the inhibitory 

effect against pathogenic microorganisms should be performed to enable the 

development of a class of foods that meet the assumptions exposed, as well as the 

requirements of legislation and also suitable microbiological, physicochemical and 

sensory characteristics. Considering the above, the objective of this work was to verify 

the effect of the reduction of lactose on the viability of enterohaemorrhagic Escherichia 

coli in yogurts produced with cow's milk. From results of the first experiment (Article 1) 

it was observed that an initial contamination of milk enhance E. coli O157:H7 counts 

during fermentation (from 4.34 log cfu.mL-1 to 6.13 log cfu.mL-1 in traditional yogurt and 

6.16 log cfu.mL-1in low lactose yogurt) and changes the characteristics of yogurts 

during fermentation process, with a lot of air bubbles formation and syneresis.These 

results were decisive for the development of the second experiment (Article 2) in which 

it was used a different inoculation method and it was observed that an initial 

contamination of milk by E. coli O157:H7 enhance its counts during fermentation. It 

was also noted that E. coli was able to survive for 10 days in yogurt with whole and pre 

hydrolyzed milk and for 22 days in yogurt from free lactose milk. 

 

Keywords:  Yogurt. Lactose intolerance. β-galactosidase. Escherichia coli 
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1 INTRODUÇÃO 

 

O leite e seus derivados representam alguns dos produtos que mais 

movimentam o mercado mundial, sendo a produção brasileira de leite fluido em 2013 

de aproximadamente 34 milhões de toneladas segundo dados da “Food and 

Agriculture Organization of the United Nations” (FAO) (FAO, 2015). 

A industrialização do leite e a fabricação de derivados lácteos são formas de 

agregar valor à matéria prima, aumentar a validade comercial, além de impulsionar a 

cadeia leiteira através da geração de empregos sendo a fermentação uma das 

tecnologias mais utilizadas pela indústria. Em relação ao mercado lácteo, as vendas 

de derivados no Brasil vêm aumentando de forma significativa chegando a 

movimentar 235,6 milhões de dólares em 2014, representando aumento de 259,6% 

em relação a 2013 segundo dados da Companhia Nacional de Abastecimento 

(COMPANHIA NACIONAL DE ABASTECIMENTO, 2014) 

Embora o mercado lácteo esteja crescendo consideravelmente, estima-se que 

65% da população adulta mundial apresenta sinais e sintomas da má digestão da 

lactose (VUORISALO et al., 2012). A lactose é o principal carboidrato do leite e é 

digerida no intestino delgado pela enzima β–galactosidase mais conhecida como 

lactase. Em todos os mamíferos ocorre um declínio das quantidades desta enzima 

após o desmame, porém, os índices de pessoas lactase não persistente, que 

apresentam má digestão da lactose, na população mundial variam de acordo com 

características genéticas e culturais, como o hábito de consumo de leite e derivados. 

O iogurte é uma alternativa de produto com teor reduzido de lactose, podendo 

ser consumido apenas por indivíduos com baixo índice de intolerância uma vez que a 

hidrólise do dissacarídeo é relativamente baixa durante o processo de fermentação 

(10 – 30%).  

Contudo, a hidrólise da lactose pode ser inserida no processamento destes 

produtos, como solução para pessoas com má digestão da lactose, pois essa 

tecnologia envolve a diminuição significativa ou eliminação total da lactose nos 

alimentos através do uso de enzimas exógenas. 

Embora o iogurte seja considerado seguro devido ao pH ácido, foram relatados 

surtos de Escherichia coli O157:H7 envolvendo este derivado lácteo (DE BUYSER et 

al., 2001; MORGAN et al., 1993). A E. coli é a espécie mais importante do gênero 
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Escherichia, e nos últimos anos a colite hemorrágica tem sido associada a uma cepa 

denominada E. coli O157: H7. Esta linhagem é conhecida como agente causador de 

diarreia sanguinolenta e causa predominante de síndrome urêmica hemolítica. Alguns 

pesquisadores já demonstraram que a E. coli O157:H7 é capaz de sobreviver às 

etapas de fermentação e estocagem dos iogurtes, sendo resistente ao ambiente 

ácido. 

Diante do exposto, objetivou-se com este trabalho verificar o efeito da redução 

da lactose sobre a viabilidade da Escherichia coli enterohemorrágica em iogurtes 

tradicionais e com teor reduzido de lactose produzidos com leite bovino. 
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2 FUNDAMENTAÇÃO TEÓRICA 

 

2.1 LEITES FERMENTADOS 

 

Após a secagem, a fermentação é o mais antigo método de conservação de 

alimentos, e esta técnica de preservação se tornou popular com o desenvolvimento 

das civilizações, porque não só preserva os alimentos, como também gera uma 

variedade de sabores, aromas e outras características sensoriais nos produtos 

(JASHBHAI; BABOO, 2003)  

No Brasil, os leites fermentados são "produtos adicionados ou não de outras 

substâncias alimentícias, obtidas por coagulação e diminuição do pH do leite, ou 

leite reconstituído, adicionado ou não de outros produtos lácteos, por fermentação 

láctica mediante ação de cultivos de microrganismos específicos. Estes 

microrganismos específicos devem ser viáveis, ativos e abundantes no produto final 

durante seu prazo de validade" (BRASIL, 2007). 

Os efeitos benéficos dos leites fermentados foram cientificamente 

confirmados pela primeira vez no início do século XX, com o microbiologista russo 

Ilya Ilyich Metchnikoff, que propôs uma teoria sobre o prolongamento da vida 

baseado no consumo diário de leites fermentados pelos búlgaros. Ele acreditava 

que a atividade metabólica das bactérias ácido-láticas inibiria as bactérias 

intestinais do mesmo modo que inibem a putrefação dos alimentos 

(METCHNIKOFF, 2004) 

O iogurte é o principal representante dos leites fermentados e é um alimento 

tradicional nos Bálcãs e na Ásia Mediterrânea. A palavra “iogurte” é derivada da 

palavra turca “jugurt”, sendo conhecida por uma diversidade de nomes em 

diferentes países (TAMINE; ROBINSON, 2007). 

O iogurte possui grande aceitação no mercado brasileiro e tem como 

vantagens, o baixo custo de produção, pois não necessita de equipamentos 

sofisticados para ser elaborado, ser de fácil preparo, e ser uma forma de aumentar 

a validade comercial do leite, permitindo assim aumento do valor agregado do 

produto (MARTINS et al., 2012). Além das vantagens de produção, o iogurte 
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conquistou uma grande importância econômica em razão do seu elevado valor 

nutricional, benefícios associados à saúde e pelo seu sabor atrativo (PENG et al., 

2009) 

Conforme o Regulamento Técnico de Identidade e Qualidade (RTIQ) de 

Leites Fermentados (BRASIL, 2007) entende-se por iogurte o produto cuja 

fermentação do leite se realiza com cultivos protossimbióticos de Streptococcus 

thermophilus e Lactobacillus delbrueckii subsp. bulgaricus. 

Durante a fermentação, a proteína, a gordura e a lactose do leite sofrem 

hidrólise parcial, tornando o produto facilmente digerível, sendo assim considerado 

agente regulador das funções digestivas (RODAS et al., 2001; TEIXEIRA et al., 

2000;). 

O consumo de iogurte também é associado a diversos benefícios ao 

organismo tais como facilitar a absorção de cálcio, fosforo e ferro; ser fonte de 

galactose, que é um importante monossacarídeo envolvido na síntese do tecido 

nervoso em crianças (FERREIRA; TESHIMA, 2000) e apresentar a capacidade de 

inibir o crescimento de microrganismos causadores de infecções gastrointestinais 

(MIDOLO et al., 1995). Além disso, também já foram demonstradas propriedades 

anticarcinogênicas por meio da ligação das bactérias ácido láticas à compostos 

mutagênicos (ZSIVKOVITS et al., 2003) 

2.2 LACTOSE 

A lactose é um dissacarídeo composto por glicose e galactose unidas por 

uma ligação glicosídica β1-4. É o principal carboidrato presente no leite de todas as 

espécies mamíferas (Figura 1), sendo rara a existência em fontes não lácteas 

(HOLSINGER, 1988). 
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Figura 1: Esquema representativo da ligação glicosídica β1-4 da molécula de 

lactose 

Fonte: http://lactosesintolerances.blogspot.com.br/ 

Este dissacarídeo é sintetizado nas glândulas mamárias a partir da glicose 

presente no sangue. Para a formação da galactose uma molécula de glicose é 

fosforilada, depois ligada a uridina trifosfato e isomerizada. Após, a molécula de 

galactose é ligada a outra molécula de glicose em uma reação catalisada pela 

enzima lactose sintetase (FOX; McSWEENEY, 1998). 

Os mamíferos não são capazes de absorver a lactose diretamente, que deve 

ser primeiramente hidrolisada no intestino delgado, liberando os monossacáridos, 

os quais são absorvidos. A hidrólise é realizada pela enzima β-galactosidase, 

também conhecida como lactase, que é secretada pelos enterócitos (FOX, 2009). 

 

2.3 INTOLERÂNCIA À LACTOSE 

 

Intolerância à lactose é o termo comumente utilizado para descrever 

sintomas relatados por pessoas que apresentam má digestão da lactose após 

ingerirem leite e derivados (GRAND, 2010). 

Quando a lactose não é absorvida, esta passa ao intestino grosso e a carga 

osmótica gerada pelo acúmulo da lactose faz com que ocorra a secreção de água 

e eletrólitos até que o equilíbrio osmótico seja atingido causando diarreia 
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(CHRISTOPHER; BAYLESS, 1971). A dilatação do intestino, causada pela osmose, 

induz uma aceleração do trânsito no intestino delgado. 

O trânsito acelerado reduz ainda mais a hidrólise de lactose, porque o tempo 

de contato entre a lactose e a enzima residual é diminuída (LADAS; PAPANIKOS; 

ARAPAKIS, 1982). 

Além disso, a lactose presente no lúmen intestinal é fermentada por 

microrganismos levando à formação de gases, que causam flatulências, cólicas e 

desconforto abdominal (FOX; McSWEENEY, 1998) (Figura 2). 

Figura 2: Esquema comparativo do efeito da presença e da ausência da lactase no 

intestino delgado 

Fonte: http://saudedigestiva.blogspot.com.br/ 

 

A redução da quantidade de lactase (hipolactasia) pode ser primária (isto é, 

genética) ou secundária. Nos seres humanos a atividade máxima da lactase ocorre 

logo após o nascimento, mantendo-se alta durante o período de amamentação e 

algum tempo após o desmame, normalmente, entre 3 a 7 anos. Na idade adulta os 

níveis de lactase decaem, podendo chegar, aproximadamente a 10% da taxa 

existente no período da infância (FOX, 2009; GRAND, 2010) e esta situação é 

referida como hipolactasia do tipo adulto. 

A deficiência de lactase primária, é congênita e consiste em uma forma grave 

de deficiência em lactase, na qual a atividade desta enzima é muito baixa ou 
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ausente no epitélio intestinal a partir do nascimento É uma condição extremamente 

rara sendo apenas algumas dezenas de casos documentados em todo o mundo, a 

maioria deles na Finlândia (SAVILAHTI; LAUNIALA;KUITUNEN, 1983). 

Já a deficiência secundária pode resultar de pequenas ressecções 

intestinais, de doenças que danificam o epitélio intestinal, por exemplo, doença 

celíaca não tratada ou inflamação intestinal (BODÈ; GUDMAND-HØYER, 1988; 

PIRONI et al., 1988) e qualquer condição que aumente significativamente o tempo 

do trânsito gastrointestinal, dessa forma, é uma condição transitória e reversível 

(LABAYEN et al., 2001). 

Segundo estudo desenvolvido por Mattar et al. (2009) a prevalência de 

indivíduos intolerantes à lactose no Brasil depende da atividade de genes 

específicos que variam conforme os diferentes grupos étnicos conforme ilustrado 

no gráfico 1 

Gráfico 1: Percentual da presença de genes para hipolactasia nas diferentes etnias 

brasileiras 

Adaptado de Mattar et al. 2009 

 

Sabe-se que em leites fermentados, como o iogurte, o teor de lactose é cerca 

de um terço menor do que o presente no leite bovino, que é de aproximadamente 
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4,6 g/ 100 mL, e isso se deve ao fato de que durante a fermentação realizada pelas 

bactérias Iáticas, ocorre a conversão da lactose em ácido lático. (SCHAAFSMA, 

2008). Dessa forma, muitos indivíduos intolerantes à lactose que são intolerantes 

ao leite podem tolerar a ingestão de iogurtes (BOUDRAA et al., 2001; KOLARS et 

al.,1984). 

Embora alguns indivíduos não apresentem sintomas intestinais a partir do 

consumo de iogurtes, esta quantidade residual de lactose presente em derivados 

lácteos fermentados pode causar sintomas da má absorção da lactose em pessoas 

com elevado grau de intolerância, dessa maneira é indicado o consumo de produtos 

“lactose-free” ou com teor reduzido de lactose (HEYMAN, 2006). 

Para a fabricação industrial de leite e derivados com teor reduzido de lactose 

são utilizadas basicamente duas técnicas, o tratamento com a enzima β-

galactosidase e a utilização de sistemas de membranas filtrantes (REHMAN, 2009). 

 

2.4 β-GALACTOSIDASE 

A β-galactosidase ou lactase está amplamente distribuído na natureza e pode 

ser isolada a partir de diferentes fontes, como plantas (amêndoas, pêssegos, 

damascos, maçãs), animais, leveduras, bactérias e fungos (RICHMOND; GRAY; 

STINE, 1981). 

A produção industrial de leite e produtos lácteos com teores reduzidos de 

lactose é amplamente realizada atualmente, este processo se iniciou no início dos 

anos 1970 com a disponibilidade comercial da lactase a partir de fontes microbianas 

(REHMAN, 2009) 

A Agência Nacional de Vigilância Sanitária (ANVISA) especifica, por meio da 

Resolução da Diretoria Colegiada (RDC) nº 205 de 14 de novembro de 2006 que a 

enzima β-galactosidase para uso em indústrias de alimentos deve ser de origem 

microbiana, proveniente dos seguintes microrganismos: Aspergillus niger, 

Aspergillus oryzae, Candida pseudotropicalis, Kluyveromyces fragilis, 

Kluyveromyces lactis, Kluyveromyces marxianus e Saccharomyces sp (BRASIL, 

2006). Tais espécies são classificadas como “Generally Recognized as Safe” pelo 

órgão norte americano “Food and Drug Administration”, esta designação significa 
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que o aditivo alimentar foi testado e demonstrado ser seguro nas condições de uso 

pretendidas. 

 As condições ótimas para atividade das diferentes lactases dependem da sua 

origem. Em geral, as enzimas de origem fúngica apresentam pH ótimo entre 2,5 e 

4,5, já as lactases oriundas de leveduras e bactérias atuam em condições ótimas 

em pH próximo a neutralidade (6 – 7,5) (GEKAS; LOPEZ-LEIVA, 1985). 

 A utilização da lactase em iogurtes têm sido foco de pesquisas atualmente 

assim como a determinação de condições ótimas para a aplicação desta enzima no 

processamento de derivados lácteos. Vinhal (2001) utilizou lactase proveniente de 

Kluyveromyces fragilis para reduzir o teor de lactose do leite. A enzima apresentou 

atividade ótima e boa estabilidade em pH entre 6,5 e 7,0, com temperatura ótima de 

40ºC. Longo (2006) realizou a hidrólise enzimática para produção de iogurte e 

também determinou 40°C como a temperatura ótima da enzima. 

 

2.5 Escherichia coli 

 

A Escherichia coli é uma bactéria Gram negativa, anaeróbia facultativa, em 

formato de bastonete. Os microrganismos desta espécie são móveis, não 

formadores de esporos e são capazes de fermentar a lactose com produção de 

ácido e gás (SCHAECHTER, 2009).  

A E. coli possui como habitat natural o trato intestinal de animais de sangue 

quente, sendo por isso considerada indicadora de contaminação fecal de alimentos 

(FRANCO; LANDGRAF, 2008). Esta espécie pertencente à família 

Enterobacteriaceae, que inclui um grande número de cepas que diferem entre si em 

relação ao potencial patogênico (SCHAECHTER,2009). 

Diferentes cepas de E. coli podem ser sorologicamente diferenciadas com 

base em três antígenos de superfície principais: antígeno somático (O), antígeno 

flagelar (H) e antígeno capsular (K). Já foram descritos 173 antígenos O, 56 

antígenos H e 103 antígenos K, porém, normalmente as cepas associadas a 

doenças diarreicas envolvem apenas os grupos O e H (MENG et al., 2007). 
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A doença diarreica é uma das principais formas de patogênese e pode ser 

causada por diversos mecanismos. São definidas seis estirpes diarreiogênicas: E. 

coli enterotoxigênica (ETEC), E. coli enteroinvasiva (EIEC), E. coli 

enterohemorrágica (EHEC), E. coli enteropatogênica (EPEC), E. coli 

enteroagregativa (EAggEC) e E. coli de adesão difusa (DAEC) (WILLEY; 

SHERWOOD; WOOLVERTON, 2008).  

A EHEC carreia determinantes genéticos para produção de “Shiga-like” 

toxinas (Stx-1 e Stx-2), que são responsáveis pela destruição da borda em escova 

das microvilosidades do enterócitos causando colite hemorrágica com fortes dores 

abdominais e cólicas, seguida de diarreia sanguinolenta. As toxinas também levam 

a ocorrência da síndrome urêmica hemolítica, doença extraintestinal caracterizada 

por anemia hemolítica grave, que leva a posterior insuficiência renal (ibid). 

 

2.5.1 Escherichia coli O157:H7 

 

A principal estirpe da EHEC é E. coli O157:H7, que foi reconhecida pela 

primeira vez como um patógeno humano em 1982, quando foi associada a dois 

surtos de colite hemorrágica nos Estados Unidos da América (RILEY et al., 1983). 

Diversos pesquisadores já demonstraram que os bovinos são os principais 

reservatórios para a E. coli O157:H7 (ELDER et al., 2000; HANCOCK et al., 1994; 

VAN DONKERSGOED; GRAHAM; GANNON, 1999; WELLS et al., 1991) porém, a 

eliminação fecal por outros animais domésticos e animais selvagens também tem 

sido descrita (FRANKLIN et al., 2013; JAY et al., 2007; RICE; HANCOCK; BESSER, 

2003; SARGEANT et al., 1999) 

A E. coli O157:H7 apresenta dose infectante consideravelmente baixa (cerca 

de 100 células) sendo a sua virulência decorrente de uma combinação de fatores 

(MENG et al., 2007). O principal fator de virulência da E. coli O157: H7 é a produção 

de Stx 1 e 2, que estão codificados em um bacteriófago inserido no cromossoma 

bacteriano e estas toxinas ao serem endocitadas pelas células bloqueiam a síntese 

proteica pelos ribossomos levando à morte celular (NATARO; KAPER, 1998) 

(Figura 3). 
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Figura 3: Esquema da destruição da borda em escova das microvilosidades 

dos enterócitos causada pelas toxinas Stx- 1 e Stx-2 da Escherichia coli 

enterohemorrágica. 

Adaptado de Nataro e Kaper (1998) 

 

Porém, existem outros fatores de virulência codificados em genes 

cromossomais e no plasmídeo de 60-MDa que são importantes na patogenicidade, 

como por exemplo, o mecanismo conhecido como “attaching and effacing” 

caracterizado pela íntima adesão das bactérias à membrana das células intestinais 

levando à destruição das microvilosidades. Além deste, também já foram 

identificados fatores de adesão às células intestinais como a intimina e adesinas 

além da capacidade de expressão de hemolisinas (MENG et al., 2007). 

A E. coli O157:H7 usualmente não fermenta o D-sorbitol em 24h, embora 

cepas capazes de fermentar este composto já tenham sido identificadas (BOUVET 

et al., 1999; KARCH; BIELASZEWSKA, 2001). Este sorotipo também não apresenta 

a enzima β-glicuronidase, que hidrolisa composto 4-metilumbeliferil-ß-D-

glucuronide (MUG) que em presença de luz UV emite fluorescência, e, também não 

é capaz de se multiplicar em temperaturas superiores a 44,5°C (DOYLE; SCHOENI, 

1984; FENG; LUM; CHANG, 1991) 
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Uma das características distintas da E. coli O157: H7 é a sua capacidade de 

adaptação e sobrevivência em ambientes ácidos. Diversos pesquisadores já 

demonstraram a capacidade de sobrevivência das células da E. coli em produtos 

fermentados por um período considerável de tempo, destacando-se o iogurte 

(BACHROURI et al., 2002; DINEEN et al.,1998; GOVARIS et al., 2002; GULMEX, 

GUVEN, 2003; GURAYA et al., 1998; OGWARO et al., 2002;). 
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3.1 ARTIGO 1: Escherichia coli O157:H7 SURVIVAL IN NATURAL AND LOW 
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ABSTRACT 

E. coli O157:H7 is able to survive during long periods in yogurt, a widely consumed 

dairy product, which presents a reduced content of lactose compared to milk. However, the 

decrease of lactose is not always sufficient to relieve the symptoms of malabsorption. This 

study aimed to evaluate the behavior of E. coli O157:H7 during lactose hydrolysis process 

and fermentation of traditional and low lactose yogurt. Also aimed verify E. coli O157:H7 

survival after 12h of storage at 4±1°C. Four different yogurts were prepared with milk and 

pre hydrolyzed milk (β-galactosidase); two groups were inoculated with E. coli O157:H7 and 

two were controls. The survival of E. coli O157:H7 and pH of yogurts were determined 

during fermentation and storage. Results showed that an initial contamination of milk 

enhance E. coli O157:H7 counts during fermentation (from 4.34 to 6.13 in traditional yogurt 

and 6.16 in low lactose yogurt) and changes the characteristics of yogurts during fermentation 

process, with a lot of air bubbles formation and syneresis. The pH values of all yogurts after 

fermentation ranged from 4.53 to 4.67.Thus it is concluded that milk contamination by E. 

coli O157:H7 in addition to being a public health issue also affects the yogurt manufacturing 

technology. 

 

Key words: Escherichia coli O157:H7, lactose hydrolysis, yogurt processing. 
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INTRODUCTION 

Escherichia coli is a member of the Enterobacteriaceae family and it is one of the most 

prolific microorganisms in human intestinal tract. E. coli are normally harmless, but certain 

strains can be pathogenic (Tortora et al., 2012). 

The enterohemorrhagic E. coli (EHEC) strains carry the genetic determinants for 

attaching-effacing lesions and Shiga-like toxin production. The attaching-effacing lesion 

causes hemorrhagic colitis with severe abdominal pain and cramps followed by bloody 

diarrhea. The Shiga-like toxins I and II (also called serotoxins 1 and 2) have also been 

implicated in two extra intestinal diseases; hemolytic uremic syndrome and thrombotic 

thrombocytopenic purpura (Willey et al., 2008).  

A major form of EHEC is the Escherichia coli O157:H7 that was first recognized as a 

human pathogen in 1982 when was associated with two outbreaks of hemorrhagic colitis 

(HC) that affected at least 47 people in Oregon and Michigan (USA) (Riley et al., 1983). 

Since then many others foodborne outbreak cases have been reported involving different 

products like ground beef (Vogt et al., 2005; Centers for Disease Control and Prevention, 

2014), fermented sausages (Sartz et al., 2008), salami (Centers for Disease Control and 

Prevention, 1995; Williams et al., 2000), unpasteurized cheese (Honish et al., 2005; Espié et 

al., 2006) and yogurt (Morgan et al., 1993). 

Although yogurts are considered safe due to their low acidity, some authors have reported 

the survival of E. coli O157:H7 over considerable days and even weeks in yogurts (Bachrouri 

et al., 2002; Gulmex, Guven, 2003; Evrendilek, 2007). It has been shown that E coli O157:H7 

cells have an effective mechanism to resist extreme acid stress situations and its resistance 

depends on the interaction with environmental compounds (Meng et al., 2007).  

Fermented milks are widely consumed around the world and yogurt is the most popular 

fermented dairy product with high nutritional value including proteins, lipids and lactose, the 

principal carbohydrate of milk (Peng et al., 2009) 

Approximately 75% of the world’s population loses the ability to digest lactose into 

adulthood (Mattar, Mazo, Carrilho, 2012). It is known that in yogurt, the lactose content is 

about one third lower than in milk, due to fermentation conducted by lactic acid bacteria, 

converting lactose into lactic acid. (Schaafsma, 2008).However, in some cases, the 
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persistence of gastrointestinal malaise from the consumption of yogurt shows that the 

decrease of lactose content would not be sufficient to relieve the symptoms of indigestion. 

This led to the introduction of improvements to product production, such as reduced lactose 

content through exogenous lactases. 

This study aimed to evaluate the behavior of E. coli O157:H7 during lactose hydrolysis 

and fermentation of traditional and low lactose yogurt. Also aimed verify E. coli O157:H7 

survival after 12h of storage at 4±1°C. 

 

MATERIALS AND METHODS  

Microbial and physicochemical quality of commercial milk 

Commercial (Ultra High Temperature) UHT whole milk (Ninho, Nestlé, Três Rios, 

Brazil) was analyzed to determine physicochemical quality by methods of Association of 

Official Analytical Chemists (AOAC). The pH determination was performed by standard 

method n° 973.41, titratable acidity (TA) by standard method n° 947.05, fat content by 

standard method  n° 2000.18 , specific gravity of milk by standard method n° 925.22and 

freezing point by cryoscopic method n°990.22 (AOAC, 2012). Also was performed 

enumeration of E. coli O157:H7 (Merck, 2007) and lactic acid bacteria (LAB). (International 

Organization for Standardization - ISO, 2003). 

Cultures 

The Escherichia coli O157:H7 (CDC EDL - 933) strain was obtained from National 

Institute of Health Quality Control of Oswaldo Cruz Foundation (FIOCRUZ, Rio de Janeiro, 

Brazil). The organisms were inoculated in brain heart infusion (BHI) broth and incubated at 

37° C for 24 hours (h). The bacterial cells were maintained on BHI and stored at 4°C. To 

activate the E. coli O157:H7 cells a loop-full of BHI stored was transferred to BHI an 

incubated at 37°C for 24h.  

The lactic starter culture used was a thermophilic yoghurt culture of Streptococcus 

thermophilus and Lactobacillus delbrueckii spp. bulgaricus (DVS YF-L812, Christian 

Hansen Laboratories, Denmark).  

Before fermentation, the cultures were activated by adding the 50 U sachet to 500 mL 

of sterile 10% (w/v) reconstituted skim milk powder (Molico, Nestlé, São Paulo, Brazil) and 

stirred for 15 min, to achieve a homogenous culture (London et al., 2015). This volume was 
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distributed into test tubes and stored at -18°C.To perform the fermentation, the culture was 

thawed and then added to milk samples. 

 

Milk experimental contamination 

Commercial UHT whole milk was inoculated with E. coli O157:H7 to yield a final 

concentration of 4log Colony Forming Unit (CFU) per milliliter in the milk. This procedure 

was made before the lactose hydrolysis and yogurt production. Inoculations were done into 

preheated milk at 40°C.  

 

Yogurt manufacture 

There were prepared four different types of yogurt: traditional; traditional with E. coli 

O157:H7; low lactose; and, low lactose with E. coli O157:H7. For each treatment it was used 

3L of UHT whole milk. 

Traditional yogurt and low lactose yogurt with or without inoculation were produced 

using milk preheated at 40°C.The traditional yogurt was prepared from milk inoculated with 

starter culture. The low lactose yogurt was prepared from milk pretreated with β-

galactosidase (450 mL/ 1000L of milk) (Maxilact LX 5000, DSM Food Specialties, Delft, 

Netherlands) for 1h at 40°C and inoculated with starter culture. 

All yogurts types were incubated as 42°C ± 1°C until the final pH of 4.5–4.6 (Tamine, 

Robinson, 2007). After fermentation, inoculated yogurts and controls without E. coli 

O157:H7 were stored at 4°C.  

Samples were taken for pH determination at each hour of fermentation. The enumeration 

of E. coli O157:H7 was determined at 0, 6 and 12h after inoculation and enumeration of lactic 

acid bacteria (LAB) was performed 12h after the end of fermentation. 

 

Enumeration of microbial count 

The microbial enumeration was performed with dilution of 25g of each sample into 225 

mL of 0.1% peptone saline water and homogenization in Stomacher blender for 1 min. 1ml 

of each initial dilution was transferred into tubes with 9 mL of 0.1% peptone saline water and 

serially dilutions were made.  
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E. coli O157:H7 was determined by plating 1mL of appropriate dilutions in duplicate on 

Fluorocult Escherichia coli O157:H7 agar (Merck, Darmstadt, Germany). (Merck, 2007) 

Random isolates were confirmed by serology with E. coli O157 antiserum (Probac, São 

Paulo, Brazil). 

For enumeration of lactic acid bacteria, 1 mL of determined dilutions were inoculated 

onto M17 Agar (Difco Laboratories, Michigan, USA) for the isolation of S. thermophilus 

incubated at 37°C for 48h and acidified (5.4). Man-Rogosa-Sharpe (MRS) agar (Difco 

Laboratories, Michigan, USA) was used to L. bulgaricus count, by anaerobically incubation 

in a GasPak™ container (Becton, Dickinson and Company, New Jersey, USA) at 37°C for 

72h (ISO, 2003). 

 

Determination of pH and Titratable acidity 

The pH values of the samples were measured by immersing the electrode of a digital 

pHmeter (PG 1800, Cap Lab, São Paulo, Brazil) directly in the sample (AOAC, 2012) Buffer 

solution of pH 4 and 7 were used to calibrate the pHmeter. 

 TA in milk samples was determined by AOAC standard method 947.05 (AOAC, 2012). 

 

Statistical Analysis 

Data from physicochemical analysis and carbohydrates profile were subjected to one-

way analysis of variance (ANOVA), testing the differences between the different types of 

yogurt at each sampling time. All ANOVA were subjected to Tukey’s test at P < 0.05. 

Statistical analysis were performed using XLSTAT version 2013.2.03 (Addinsoft, Paris, 

France) 

 

RESULTS AND DISCUSSION  

Microbial and physicochemical quality of commercial milk 

The means of pH, titratable acidity, specific gravity, freezing point and fat results of milk 

analysis were 6.79, 0.15 % lactic acid (v/v), 1.030, -0.557°H and 3.6 % (v/v), respectably. 

The microbial analysis of the commercial UHT showed that E. coli O157:H7 was not present 

in milk samples as well as LAB. These results are in accordance to Brazilian legislation 
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(Brasil, 1997) and guarantee that the results obtained in fermentation process are specifically 

from LAB and E. coli O157:H7 activity and not from possible previous contamination. 

Yogurt pH  

The pH of the yogurts inoculated with E. coli O157:H7 after 6h of fermentation were 

significantly different (P < 0.05) from the non-inoculated yogurts. 

The pH dropped from 6.79 to 4.53, 4.54, 4.62 and 4.67 in traditional, low lactose, inoculated 

traditional and inoculated low lactose yogurts respectively after 6 h of fermentation (Figure 

1). 

Figure 1: pH values during milk fermentation. 

 

As it was expected LAB fermented lactose and glucose increasing the lactic acid content, 

and consequently lowering the pH. In accordance with our results, Rodrıguez et al. (2008), 

Vénica et al. (2013) and Wolf et al. (2015) showed that the lactose hydrolysis did not affect 

acidification process and no differences in pH values between yogurts prepared from milk 

with different lactose contents and control yogurts were found. 

 

Fermentation process 

At the third hour of fermentation in all inoculated yogurts began to show a formation of 

air bubbles in the coagulum, characterizing gas production from E. coli O157:H7 metabolism 

(Figure 2). Over the hours, these bubbles have become increasingly abundant and there was 

observed an intense syneresis (Figure 3). The final products after 6 hours of fermentation 
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presented visually changed, and it was not possible to observe homogeneous and firm 

coagulum as observed in not inoculated yogurts. 

 

Figure2: Initial air bubbles of inoculated yogurts. 

 

Figure 3: Final product after 6h of fermentation. 
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Xu et al. (1990) observed that different strains of E. coli O157:H7 are capable to rapidly 

ferment lactose and glucose with gas production. In this study the results showed that this 

fermentation occurred and the rapid growth of E. coli O157:H7 was facilitated by incubation 

at 40° C of all yogurts during one hour for lactose hydrolysis. Controls yogurts were also 

kept at this temperature to not generate variations when the starter cultures were added. 

Another factor that influenced on E coli growth was the absence of microbial competition 

and acidification from the starter cultures during the hydrolysis 

Several researchers have studied the survival of E. coli O157:H7 in food systems, 

especially yogurt and related the survival of the cells during fermentation process (Massa et 

al., 1997;Lee, Chen, 2005; Bachrouri et al., 2006; Osaili et al., 2013). Our results suggest that 

even with inoculation pre fermentation E. coli O157:H7 was able to growth despite acidic 

environment developed and bacterial competition.  

 

E coli O157:H7 enumeration 

E. coli O157:H7 was not found in control yogurts not inoculated. Counts right after 

inoculation and 6 h later after fermentation increased from 4.34 to 6.13 and 6.16 log UFC 

mL-1in tradition and low lactose inoculated yogurt respectively. This result is according to 

those of Kasımoğlu and Akgün (2004) and Bachrouri et al. (2006) that reported that cells of 

E. coli O157:H7 increased about a log CFU mL-1 from initial inoculum during the 

fermentation process. Osaili et al (2013) also reported a large increase of E. coli O157:H7 

count of 3.05 log CFU mL-1 during fermentation. 

After 12h of cooling at 4°C counts increase slightly to 6.87 and 6.75 log UFC mL-1in 

tradition and low lactose inoculated yogurt respectively. The pH dropped to 4.44, 4.43, 4.46 

and 4.59 in traditional, low lactose, traditional inoculated and low lactose inoculated yogurts 

The results of present study showed that E. coli O157:H7 was able to adapt to acid 

environment and growth even after cooling and storage at low temperature. These findings 

were in agreement with Ogwaro et al., (2002) and Cirone et al. (2013) that reported increased 

of E. coli O157:H7 counts from 5 to 8–9 log CFU mL-1and 5.3 to 6.4 after 24h of fermentation 

respectively. 

In disagreement to our findings, has been suggested that E. coli O157:H7 not survive 

during fermentation process of yogurt and the presence of these bacteria in yogurt would 
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indicate the post-processing contamination (Dineen et al., 1998). However, Bachrouri et al. 

(2002) reported that E. coli O157:H7 was able to survive up to 20-21 days in pre- 

fermentation inoculated yogurts. Lee and Chen (2005) related E. coli O157:H7 survival in 

yogurt inoculated pre fermentation for 14-17 days. It was also reported that E. coli O157:H7 

inoculated before yogurt fermentation was detected until 7 (Osaili et al., 2013) and 11days 

of storage (Tosun et al., 2006). 

 

LAB enumeration 

After 12h of cooling the counts of S. thermophilus were 9.83, 9.72, 8.31 and 

6.85 log CFU mL-1 and L. bulgaricus counts were 10.35, 9.84, 8.36 and 5.85 log CFU mL-1 

in traditional, low lactose, traditional inoculated and low lactose inoculated yogurts 

respectively as shown in Figure 4. 

Figure 4: Counts of S. thermophilus and L. bulgaricus in yogurts after 12h of cooling and 

storage at 4°C 

The symbiosis between S. thermophilus and L. bulgaricus is known for long time 

(Pette et al., 1950; Bautista, 1966).  S. thermophilus and L. bulgaricus shows interaction 

mutually favorable. L. bulgaricus produces amino acids and small peptides that stimulate S. 

thermophilus growth by acting as an amino acid source (Accolas et al. 1971; Radke-Mitchell, 

Sandine 1984); S. thermophilus produces carbon dioxide (CO2) and formic acid that stimulate 

L. bulgaricus (Suzuki et al. 1986). 
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Researchers have also reported that most strains of S. thermophilus are phenotypically 

galactose negative and does not contain genes necessary for galactose metabolism. They are 

able to metabolize only glucose portion of lactose and expel galactose into the medium (Mora 

et al., 2002; De Vin et al., 2005) 

Our results shown increase of LAB counts during fermentation in control not 

inoculated yogurts confirming this symbiosis, however it was observed a decrease in counts 

in low lactose inoculated yogurts. This could be due the milk hydrolysis that reduced the 

lactose content restricting the growth of LAB and competition for residual lactose and 

glucose, used rapidly by E. coli O157:H7 (Xu et al., 1990). As most strains of S. thermophilus 

are unable to ferment galactose they did not growth and did not produce acids that stimulate 

L. bulgaricus growth either. 

CONCLUSION  

It is concluded that E. coli O157:H7 was able to survive in natural and low lactose yogurts 

and control measures (e.g. Good Manufacturing Practices and Hazard Analysis Critical 

Control Point) should be always improved to reduce the risk of contamination because even 

inoculation before fermentation allowed E coli O157:H7 growth. 
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Abstract 

Yogurt is one of the most popular dairy product and its content of lactose is one third 

lower than milk, however some people presents symptoms of lactose malabsorption when 

consuming yogurt. To overcome this fact dairy industry starts to use β-galactosidase to obtain 

low lactose products. Yogurt have been considered safe because of their low pH, although 

recent researches had shown the survival of Escherichia coli O157:H7, which was associated 

with outbreaks involving dairy products. In this context, the aim of the study was to verify 

survival of Escherichia coli O157:H7 in yogurts with different lactose content. Six different 

yogurts were prepared with milk, pre hydrolyzed milk and lactose free milk. Three of them 

were inoculated with E. coli O157:H7. The survival of E. coli O157:H7, carbohydrates 
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profile and pH of yogurts were determined during fermentation and storage. Results showed 

that an initial contamination enhance E. coli O157:H7 counts during fermentation. E. coli 

was able to survive for 10 days in yogurt with whole and pre hydrolyzed milk and for 22 

days in yogurt from free lactose milk. Thus, it is concluded that milk contamination by E. 

coli O157:H7 in free lactose milk increases its survival in 12 days. 

Keywords: fermented milk, lactic acid bacteria, β-galactosidase, lactose hydrolysis, 

carbohydrates profile, HPLC 

 

1. Introduction 

The most popular fermented dairy product is the yogurt and its consumption is increasing 

worldwide (Shiby, Mishra, 2013). According to the Codex standard for fermented milks 

(Codex, 2003), yoghurt is a fermented milk characterized by fermentation by specific acid 

lactic cultures as Streptococcus thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus. During fermentation, these bacteria perform three major biochemical 

conversions of milk components: conversion of lactose into lactic acid, proteolysis of caseins 

into peptides and free amino acids and lipolysis of milk fat into free fatty acids (Smit, Smit, 

Engels, 2005).  

In the course of yogurt processing, lactic acid bacteria reduce the lactose content and this 

reduction is about one third in comparison with lactose present in milk, which is around 4.8% 

of milk content (Schaafsma, 2008). However, some people present deficiency in lactose 

absorption that requires β-galactosidase activity in the small intestinal brush border. Lactose 

malabsorption in general affects about two thirds of the world adult population (Vesa, 

Marteau, Korpela, 2000) and the persistent lactose is digested by colonic bacteria in the 
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intestinal lumen, which leads to production of short-chain fatty acids, hydrogen, carbon 

dioxide, and methane. These byproducts cause bloating, flatulence, and abdominal pain. 

Undigested lactose also increases the osmotic load, resulting in diarrhea (Lomer, Parkes, 

Sanderson, 2008). One of the ways to get around the negative effects of lactose inefficient 

digestion is the introduction of exogenous lactases in dairy production in order to obtain 

lactose free products (Rodriguez, Cravero, Alonso, 2008). 

Although yogurts are considered safe due to their low acidity, some authors have reported 

the survival of Escherichia coli O157:H7 over considerable days and even weeks in yogurts 

(Bachrouri et al., 2002; Gulmex, Guven, 2003; Evrendilek, 2007). In addition, dairy products 

have been associated with E. coli O157:H7 outbreaks (Morgan et al., 1993; Alterkruse et al., 

1998; De Buyser et al., 2001). It has been shown that E coli O157:H7 cells have an effective 

mechanism to resist extreme acid stress situations and its resistance depends on the 

interaction with environmental compounds (Meng et al., 2007).  

There is not enough data regarding E coli O157:H7 survival in low lactose yogurts. 

Further, its behavior during fermentation process and storage is not properly clarified yet. 

Hence, the aim of this study was to evaluate the fate of E coli O157:H7 during fermentation 

and storage of yogurts with different lactose content. 

 

2. Materials and Methods 

 

2.1 Bacterial Cultures 

The Escherichia coli O157:H7 (CDC EDL - 933) strain was obtained from National 

Institute of Health Quality Control of Oswaldo Cruz Foundation (FIOCRUZ) (Rio de Janeiro, 
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Brazil). The lyophilized strain was inoculated in brain heart infusion (BHI) broth and 

incubated at 37° C for 24 hours (h). The microorganisms were maintained on BHI and stored 

at 4°C. To activate the E. coli O157:H7 cells a loop-full of BHI stored was transferred to BHI 

an incubated at 37°C for 24h.  

The lactic starter culture used was a thermophilic yoghurt culture of Streptococcus 

thermophilus and Lactobacillus delbrueckii spp. bulgaricus (Christian Hansen Laboratories 

- DVS YF-L812) (Horsholm, Denmark). The lyophilized culture was reconstituted by adding 

a 50 U envelope (1 envelope/ 500L of yogurt) to 500 mL of sterile 10% (w/v) reconstituted 

skim milk powder (Molico, Nestlé, São Paulo , Brazil) and agitated for 15 min, to achieve a 

homogenous culture (London et al., 2015). This volume was distributed into test tubes and 

stored at -18°C. Before fermentation the culture was thawed and pre activated by inoculation 

of the necessary volume of culture (1mL/ 1L of yogurt) in 200 mL of whole milk and 

incubation at 42°C for 2 h (intermediate culture) (Bylund, 1995). 

 

2.2 Milk Samples 

The milk used for preparation of yogurts was whole milk treated by Ultra High 

Temperature and low lactose milk also treated by UHT (Ninho, Nestlé, Três Rios, Brazil), 

both obtained from local market, and with all packaging of the same type from the same 

batch. 

2.3 Milk Hydrolysis 

A part of whole milk was hydrolyzed with β-galactosidase (450 mL/ 1000L of milk) 

derived from dairy yeast Kluyveromyces lactis (Maxilact LX 5000, DSM Food Specialties, 
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Delft, Netherlands) for 1h at 40°C. Two of the six groups were pre hydrolyzed and other two 

were controls, the two remaining were prepared with lactose free milk. 

 

2.4 Yogurt production 

Yogurts were prepared from whole milk, pre hydrolyzed milk and lactose free milk 

preheated at 40 ° C. Six different treatments were prepared, three of them not inoculated and 

three inoculated with E. coli O157: H7: (A) Traditional yogurt; (B) Yoghurt with pre 

hydrolysis of lactose; (C) Yogurt lactose free; (D) Traditional yogurt inoculated; (E) Yoghurt 

with pre hydrolysis of lactose inoculated; and (F) Yogurt lactose free inoculated 

In all treatments, the lactic culture was added and in inoculated groups the addition 

of E. coli O157: H7 occurred after the addition of starter culture. The treatments were 

incubated at 42 ± 1 ° C until pH 4.6 (Tamine, Robinson, 2007). Samples were taken for pH 

enumeration during fermentation. 

 

2.5 Enumeration procedures 

Enumeration of E coli O157: H7 was performed in the moment of inoculation, right after 

fermentation and during storage until organisms were undetectable. LAB enumeration was 

performed on 1st day, 7th day, 14th day, 28th day and 35th day.  

The microbial enumeration was performed with dilution of 25g of each sample into 225 

mL of 0.1% peptone saline water and homogenization for 1 min. After, 1ml of each initial 

dilution was transferred into tubes with 9 mL of 0.1% peptone saline water and serially 

dilutions were made (Swanson, Petran, Hanlin, 2001).  
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E. coli O157:H7was determined by plating 1mL of dilutions in duplicate on Fluorocult 

Escherichia coli O157:H7 agar (Merck, Darmstadt, Germany) (Merck, 2007). Random 

isolates were confirmed by serology with E. coli O157 antiserum (Probac, São Paulo, Brazil). 

For enumeration of lactic acid bacteria, 1 mL of determined dilutions were inoculated in 

acidified (pH 5.4) Man-Rogosa-Sharpe (MRS) agar (Difco Laboratories, Michigan, USA) 

for isolation of L. bulgaricus incubated anaerobically in a GasPak container (Becton, 

Dickinson and Company, New Jersey, USA) at 37°C for 72h.; and in M17 Agar (Difco 

Laboratories, Michigan, USA) for the isolation of S thermophilus incubated at 37°C for 48h 

(International Organization For Standardization - ISO, 2003). 

 

2.6 Determination of pH 

The pH of samples was measured by submerging the probe of a digital pHmeter (PG 

1800, Cap Lab, São Paulo, Brazil) directly into the yogurts samples.  

 

2.7 Lactose, glucose, galactose and lactic acid analysis by HPLC 

The carbohydrates and lactic acid were analyzed during fermentation and in day 1 of 

storage in order to characterize the yogurts carbohydrates profile. Analysis were performed 

in triplicate initiating with the extraction that was carried out using a modification of the 

method described by González de Llano, Rodriguez and Cuesta. (1996). Five milliliters of 

45 mMol H2SO4 were added onto 1 mL of each sample and homogenized by vortexing for 

one minute. After that, all samples remained under agitation for one hour in a shaker table 

and then centrifuged at 5500g for 30 minutes at 4°C. Finally, the supernatant was filtered 

through Whatman® n. 1 filter paper (Sigma-Aldrich, St. Louis, MO, USA).  
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Filtered samples were injected (20 µL) in triplicate into an HPLC system consisted 

of a LC/20 AT pump integrated with CBM-20A and equipped with SPD-M20A diode array 

and refractive index RID-10A detectors (Shimadzu Corp., Tokyo, Japan). Carbohydrates and 

lactic acid separations were performed an HPX-87H 300 x 7,8 mm Aminex cation-exchange 

column (Bio-Rad, Hercules, CA, USA), maintained at 60 ºC was used.. The mobile phase 

used was 3 mM H2SO4 at isocratic flow rate at 0.5 mL.min-1. Chromatograms from HPLC 

and compound quantification were obtained using the LC Solution software (Shimadzu 

Corp., Tokyo, Japan). Calibration curves were prepared from standard solutions prepared in 

Milli-Q water (Millipore, Billerica, MA, USA). Carbohydrates were identified by using a 

refractive index detector while lactic acid identification was performed by using a diode array 

detector model monitoring the absorbance at 210 nm. The interest peaks were identified by 

comparing retention times of the standards solutions with the samples. The quantitative 

analysis was carried out using an external standard curve. 

 

2.8 Statistical Analysis 

Data from physicochemical analysis and carbohydrates profile were subjected to one-

way analysis of variance (ANOVA), testing the differences between the different types of 

yogurt at each sampling time. All ANOVA were subjected to Tukey’s test at P < 0.05. 

Statistical analysis were performed using XLSTAT version 2013.2.03 (Addinsoft, Paris, 

France) 

 

3. Results and Discussion 

3.1 pH of Yogurt 
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During fermentation process, yogurts reached final pH (4.6 ±0.1) at different times. 

Group (D) natural inoculated took 4h, groups (B) control pre hydrolyzed and (E) pre 

hydrolyzed inoculated took 4.5h, group (F) lactose free milk inoculated took 5h, group (A) 

control natural took 5.5h and group (C) control lactose free milk took 6.5 h. Our results shown 

that in control not inoculated yogurts the pre hydrolysis of milk accelerates fermentation 

process in 1h; however, the fermentation of lactose free milk delays the fermentation in 1h 

in comparison with whole milk fermentation (group (A)). O'leary and Woychik (1976a) 

showed the same results for reduction in process time, in comparison to fermentation without 

enzyme. Nagaraj et al. (2009) found decrease in fermentation time of pre-hydrolyzed yogurts 

by 30-40 min and Martins et al. (2012) demonstrate that milk hydrolysis is involved in 

reduction of fermentation time from 4.55 to 3.68 h. These results could be explained by 

partial hydrolysis of lactose and release of free glucose and galactose, which are more readily 

used by LAB. In accordance to our results O'leary and Woychik (1976b) studied the 

utilization of glucose, galactose and lactose by yogurt culture in milk treated with lactase 

enzyme and showed that the acidity development is faster when the yogurt starter culture was 

grown in milk containing pre-hydrolyzed lactose. The delay observed in group (F) could be 

explained by partially inhibition of lacSZ operon in LAB due absence of lactose and presence 

of free glucose from hydrolyzed milk as shown by Lapierre, Mollet and Germond (2002). 

This operon consists of lacS gene that encode lactose permease that transports lactose into 

cells and lacZ gene, which encode β-galactosidase (Willem, 1996). 

In the course of 28 days of storage, our results demonstrate that all yogurts showed 

acidification (Figure 1). In day 1, statistical difference was observed in groups (B) and (E), 

both with pre hydrolysis of lactose, which showed the lowest pH. It was also observed in 
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group (B), which had the milk pre hydrolyzed for 60 min, that was statistical difference in 

pH values during whole storage and they were the lowest pH values. 

 

Figure 1: pH values during storage for 28 days 

Yogurts are subjected to a pH decrease during refrigerated storage, and it is 

commonly called post-acidification (Kneifel, Jaros, Erhard, 1993). This decrease can be 

explained by L. bulgaricus production of lactic acid during fermentation and refrigerated 

storage as observed by Shah et al (1995) and Beal et al. (1999). Lapierre, Mollet, Germond, 

(2002) showed that in L. bulgaricus, the lacR gene, a repressor of lacSZ operon has lost 

regulatory function due to the insertion of some gene fragments, resulting in constitutive 

expression of lacSZ operon and consequently fermentation of carbohydrates and acid 

production. 

In accordance with our results, O'leary and Woychik (1976a) showed that yogurts 

produced with pre hydrolyzed milk presented lower pH than control group. Wolf et al (2015) 

also showed a slow decrease in pH in yogurts with different lactose content, which ranged 

from 0.27 to 0.43 units. However, no statistical differences in pH values were detected among 

yogurt samples during fermentation and storage.  
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3.2 Enumeration of LAB 

During storage time LAB were enumerated and in all groups both L. bulgaricus and 

S.thermophilus were in accordance to Codex (2011) determination with minimum of 107 

cfu.g-1. The count of both L. bulgaricus and S.thermophilus were between 7 and 10 log cfu 

mL-1during whole storage. It was observed that inoculation of E coli O157:H7 did not 

affected LAB counts. In accordance with results obtained in the present study Canganella et 

al. (1998) found similar counts of S.thermophilus during storage, however they observed a 

smaller count of L. bulgaricus (5–6 log cfu g-1) for 2–3 weeks in yogurts inoculated with 

undesirable micro-organisms. Bauchouri, Quinto and Mora (2006) also found similar counts, 

between 7 and 8 log cfu mL-1 in homemade yogurt inoculated with E. coli O157:H7. 

 

3.3 Survival of E coli O157:H7 

E. coli O157:H7 was not found in any not inoculated yogurt control sample, 

characterizing that counts obtained in inoculated groups were resulted from experimental 

contamination. The initial counts for E coli O157:H7, at the time of inoculation in milk were 

5.8, 5.6 and 5.5 log cfu.ml-1, right after fermentation counts reached their maximum counts, 

increasing to 6.3, 5.4 and 7.8 cfu.ml-1for groups (D), (E) and (F) respectively.  

 The results of the present study demonstrate that E coli 017:H7 was able to grow 

despite acid environment developed during fermentation, also demonstrate that E coli 

O157:H7 grows faster in lactose free milk. Our findings are in accordance to Kasımoğlu and 

Akgün (2004) and Bachrouri, Quinto and Mora. (2006) that reported increase of E. coli 

O157:H7 counts during the fermentation process in comparison with initial inoculum. Osaili 
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et al (2013) also reported an increase of E. coli O157:H7 count higher than 2.75 log cfu mL-

1 during fermentation. However, Massa et al (1997) inoculated 3 or 7 log cfu mL-1 of E.coli 

O157:H7 into milk and yoghurt and reported that its number did not change during the 

fermentation period at 42± 1°C. 

The higher growth of E. coli O157:H7 observed in group (F) could be explained by fast 

fermentation of free glucose, resulting of industrial milk hydrolysis. Xu et al. (1990) observed 

that different strains of E. coli O157:H7 are capable to rapidly ferment lactose and glucose. 

In our study populations of E. coli O157:H7 in groups (D) and (E) decreased to 0.7 and 

1.8 log cfu.ml-1 respectively after 9 days of storage, and after 10 days the E. coli populations 

in these groups were completely inactivated. The pathogen persisted longer in group (F), in 

10th day count was 4.2 log cfu.ml-1, becoming undetectable only after 22 days of storage 

(Figure 2). 

 

Figure 2: Survival of E. coli O157:H7 in yogurts (D), (E) and (F) 

In accordance with results obtained in the present study for E. coli O157:H7 survival 

for considerable periods, Govaris et al (2002) reported that E. coli O157:H7 was no longer 
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detectable only after 7 days of storage at 4°C. Tosun, Seçkin and Aktuḡ Gönül (2006) showed 

that in inoculated yogurts with E. coli O157:H7 the inactivation of the microorganisms 

occurred after 13 days and Bachrouri, Quinto and Mora. (2006) found similar results in 

yogurt stored at 8°C, with 10 days of E. coli O157:H7 survival. Lee and Chen (2005) 

observed a longer survival in yogurts with different strains of E. coli O157:H7, it was 

between 14 and 18 days. Cirone et al. (2013) presented similar results with extended 

persistence of E. coli O157:H7 in yogurt, up to 20 days of storage, revealing the capacity of 

these bacteria to tolerate acidity conditions.  

 

3.4 Carbohydrates and lactic acid profile 

In all six groups lactose decreased during fermentation process due LAB metabolism 

and E coli activity in inoculated groups (D, E, and F) Significant changes in lactose content 

occurred during the manufacture of hydrolyzed yogurts. During pre-hydrolysis of control 

group (B) and inoculated group (D), β-galactosidase was responsible for lactose cleavage and 

release of glucose and galactose, which significantly increased after 60 min of hydrolysis 

process in comparison with whole milk (Figure 3). The enzyme used in our research is a 

compound extracted from a milk yeast; thereby the optimum conditions for their activity are 

similar to the natural milk pH between 6.6 and 6.8 and presents optimum temperature 

between 35 – 40 °C. Therefore, during fermentation process, the acid production and 

consequent decrease of pH are responsible for exogenous enzyme inhibition, and the 

remainder of the lactose metabolism was performed by LAB and E coli. 
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Figure 3: Values of lactose, glucose and galactose after 60 min of hydrolysis in 

groups (B) and (F) in comparison to lactose content of whole milk. 

In control E coli not inoculated group (B), the values decreased approximately 87% at 

the end of the fermentation process, reaching mean contents of 0.88±0.01 g. 100mL-1. 

Already in inoculated and hydrolyzed group (E) lactose content decreased 94% reaching 

mean content of 0.22±0.01 g.100mL-1. After 12 h of cooling storage when product are 

considered ready to eat, lactose content decreased even more in all groups and it was 

observed that groups (B) and (E) showed lower lactose values than those recommended by 

Brazilian legislation (Brasil, 1998) to consider a free lactose product. (0.47±0.02 and 

0.22±0.01g. 100mL-1 respectively) (Tables 1, 2 and 3). 

In accordance to results obtained from this study Vénica, Perotti and Bergamini (2014) 

observed important changes in the lactose content in hydrolyzed yogurts, with decrease of 

approximately 82% of lactose content at the end of the fermentation process. Wolf, Vénica 

and Perroti (2015) also find similar results with 75% to 78% lactose hydrolysis during 

fermentation of yogurt produced with simultaneous addiction on enzyme and starter culture. 

However, Martins et al. (2012) observed higher lactose conversion, of approximately 98% in 
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yogurts with simultaneous hydrolysis and fermentation, they showed a final lactose content 

of 0.19 g 100mL-1. 

Regarding glucose content, it seems to be floating during fermentation in groups (A), (B), 

(D) and (E) with production by lactose hydrolysis and consumption by LAB in all groups 

and E. coli in groups (D) and (E). However, in groups (C) and (F) in which had almost 

complete hydrolysis of lactose from the beginning of process, glucose was only consumed 

during fermentation (Table 3). This situation changed after 24h of fermentation, when it was 

observed consumption of glucose in all groups, with final values of 0.00, 0.92±0.02, 

1.91±0.04, 0.06, 0.99±0.02 and 1.84±0.01 g 100mL-1 for groups (A), (B), (C), (D), (E) and 

(F) respectively (Tables 1, 2 and 3). 

Corroborating to our findings, Rodriguez, Cravero and Alonso (2008) also find that in 

control yogurts without enzyme the glucose content was smaller than in hydrolyzed yogurts 

with values approximately 0.2 g 100mL-1 for control yogurts and between 0.9 and 1.1 g 

100mL-1 for hydrolyzed yogurts. Vénica, Perotti and Bergamini (2014) observed that glucose 

content of untreated yogurts was undetectable and the presence of glucose was only 

detectable in hydrolyzed groups, which present an overproduction of glucose by hydrolysis 

that LAB could not fully use during fermentation, the values ranged from 1.59 to 2.19 g 

100mL-1. 

In relation to galactose content we observed an increase in groups (A) and (D) from 0 to 

0.44±0.01 and 0.12±0.03g 100mL-1, while in groups (B), (C), (E) and (F) was noted 

consumption of galactose during fermentation with final values of  4.92±0.09,  2.42±0.04, 

1.49±0.03 and 2.71±0.06 g 100mL-1 (Tables 1, 2 and 3). 
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It has been demonstrate from long time that most strain of S thermophilus do not grow 

on galactose and ferment only the glucose portion of lactose, while the galactose is excreted 

into the medium in amounts stoichiometric with the uptake of lactose (Hutkins, Morris, 

1987). However, studies had demonstrate that even galactose negative phenotypes (Gal-) 

strains possesses the full complement of genes necessary for galactose metabolism and are 

able to fermented this carbohydrate (Vaughan et al., 2001, Erkus et al., 2014). Corroborating 

with our results, Anbukkarasi et al. (2014) used S. thermophilus Gal+ to ferment yogurt and 

observed that galactose content after fermentation ranged from 0.38 to 0.98 depending on the 

S thermophilus strain utilized. 

The catabolism of lactose by LAB results mainly in the production of lactic acid and this 

organic acid was also evaluated and as expect there was a sharp increased during 

fermentation, reaching its maximum values after 24h of storage in all groups (Tables 1, 2 and 

3).  

In accordance to our findings, Vénica, Perotti and Bergamini (2014) showed an acute 

increase in lactic acid content in natural and hydrolyzed yogurts nonetheless reported lower 

values with a mean value of 0.75 g 100mL-1. 
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Table 1: Carbohydrates and lactic acid quantified by HPLC analysis during fermentation and storage of not inoculated group (A) 

and. inoculated group (D). 

Chemical 

compounds 

(g. 100 ml-1) 

UHT milk 

Fermentation Time (h) Storage 

0 4 5.5 24 h 

A D A D A A D 

Lactose 6.65±0.06 4.46aA±0.12 6.82aB±0.07 3.43bA±0.04 4.73bB±0.09 3.44 bA±0.02 3.13cA±0.06 3.02cB±0.07 

Glucose 0.00 0.11aA±0.00 0.00aB 0.10 bA±0.00 0.00aB 0.00Ca 0.00cA 0.06bB±0.00 

Galactose 0.00 0.10aA±0.00 0.04aB 0.44bA±0.01 1.16bB±0.03 0.56cA±0.01 0.06dB±0.01 1.08c ±0.00 

Lactic Acid 0.00 0.26aA±0.02 0.15aB±0.00 0.67bA±0.01 2.16bB±0.04 2.83c±0.14 3.37dA±0.06 3.28cA±0.09 

 

a-d Letters indicate significant differences in the treatment, P < 0.05. 

A-D Letters indicate significant differences among the different treatments, P < 0.05. 
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Table 2: Carbohydrates and lactic acid quantified by HPLC analysis during fermentation and storage of pre hydrolyzed not 

inoculated group (B) and pre hydrolyzed inoculated group (E). 

Chemical 

compounds 

(g. 100 ml-1) 

UHT milk 

Fermentation Time (h) Storage 

0 4 4.5 24 h 

B E B E B E B E 

Lactose 6.65±0.06 1.53aA±0.01 0.65aB±0.01 1.13bA±0.02 0.23bB±0.01 0.88Ac±0.01 0.40cB±0.02 0.47dA±0.02 0.22bB±0.01 

Glucose 0.00 3.06aA±0.04 1.27aB±0.01 3.11aA±0.07 1.17bB±0.02 2.48bA±0.05 1.01cB±0.04 0.92cA±0.02 0.99cB±0.02 

Galactose 0.00 4.6aA±0.03 1.38aB±0.02 4.09bA±0.11 1.24bB±0.02 4.92cA±0.09 1.49ac±0.03 1.37dA±0.02 1.57cB±0.03 

Lactic Acid 0.00 0.06aA±0.02 0.66aB±0.03 0.93bA±0.04 0.83bB±0.03 1.99cA±0.03 1.31cB±0.01 3.42dA±0.07 2.64dB±0.03 

 

a-d Letters indicate significant differences in the treatment, P < 0.05. 

A-D Letters indicate significant differences among the different treatments, P < 0.05. 
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Table 3: Carbohydrates and lactic acid quantified by HPLC analysis during fermentation and storage of lactose free not inoculated 

group (C) and lactose free inoculated group (F). 

Chemical 

compounds 

(g. 100 ml-1) 

UHT  

milk 

Fermentation Time (h) Storage 

0 4 5 6.5 24 h 

C F C F F C C F 

Lactose 0.45 0.60aA±0.01 0.60aA±0.01 0.35bA±0.03 0.60aB±0.01 0.59aB±0.01 0.30cA±0.01 0.27cA±0.01 0.44bB±0.01 

Glucose 1.01±0.03 3.48aA±0.03 3.50aA±0.16 2.26bA±0.04 2.21bB±0.02 2.23bB±0.04 1.78cA±0.02 1.91dA±0.04 1.84cB±0.01 

Galactose 1.92±0.04 5.29aA±0.04 3.95aB±0.27 2.85bA±0.07 2.76bB±0.03 2.71bB±0.06 2.42cA±0.04 2.44cA±0.04 2.29cB±0.01 

Lactic Acid 0.30 0.09aA 0.13aB±0.01 1.92bA±0.03 1.80bB±0.02 2.63cB±0.02 1.96bA±0.05 2.28cA±0.06 0.32dB±0.05 

 

a-d Letters indicate significant differences in the treatment, P < 0.05. 

A-D Letters indicate significant differences among the different treatments, P < 0.05. 



 

 

 

4 Conclusion 

E. coli O157:H7 was able to grow through fermentation process and survival during storage 

of yogurts with different lactose. The manufacture of yogurts with lactose free milk 

contaminated increased the survival time of microorganisms to double of days in comparison 

with whole milk and pre hydrolyzed milk. Thus, once these pathogen microorganisms are 

present in raw materials they could reach dairy products and consequently consumers. The 

severe control of good manufacturing practices during the production and storage of yogurt is 

emphasized.  
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4CONSIDERAÇÕES FINAIS 

 

Em relação aos resultados obtidos nesta dissertação pode-se concluir que a 

Escherichia coli O157:H7 foi capaz de sobreviver em iogurte com diferentes teores de 

lactose, apresentando crescimento durante o processo fermentativo e demonstrando 

ser capaz de causar alterações tecnológicas e sobreviver por considerável período de 

tempo.  

Neste estudo foi comprovada a capacidade de adaptação da E coli ao ambiente 

ácido gerado durante a fermentação, assim como foram demonstradas as alterações 

tecnológicas ocorridas a partir da contaminação do leite antes do processo de pré 

hidrólise da lactose. No segundo experimento foi avaliado o período de sobrevivência 

da E coli desde a sua inoculação até a estocagem do produto pronto refrigerado após 

a fermentação. Foi observada a capacidade de sobrevivência por longo período de 

tempo, especialmente no iogurte preparado a partir de leite sem lactose. 



62 

 

5. REFERÊNCIAS BIBLIOGRÁFICAS 

 

ACCOLAS, J.P.; VEAUX, M.; AUCLAIR, J. Etude des interactions entre diverses 

bactéries lactiquesthermophiles et mésophiles, em relation avec la fabrication de 

fromages à patecuite. Lait. v.51 p.249-272, 1971.  

ALTERKRUSE, S.F.; TIMBO, B.B.; MOWBRAY, J.C.; BEAN, N.H.; POTTER, M.E. 

Cheese-associated outbreaks of human illness in the United States, 1973 to 1992: 

Sanitary manufacturing practices protect consumers J. Food Prot. v.61 p.1405–1407, 

1998. 

ANBUKKARASI, K.; UMAMAHESWARI, T.; HEMALATHA, T.; NANDA, D.K.; SINGH, 

P.; SINGH,R. Preparation of low galactose yogurt using cultures of Gal+ Streptococcus 

thermophilus in combination with Lactobacillus delbrueckii ssp. bulgaricus. J. Food Sci. 

Technol. v.51 n.9 p.2183–2189, 2014. 

ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS (AOAC) .Dairy Products In: 

Official methods of analysis of Association of Official Analytical Chemists – volume 2. 

AOAC Inc, Arlington, EUA, p. 1-100, 2012. 

BACHROURI, M.; QUINTO, E.J.; MORA, M.T. Survival of E. coli O157: H7 during 

storage of yogurt at different temperature. J. Food Sci. v.67 p.1899–1903, 2002. 

BAUTISTA, E.S.; DAHIYA, R.S.; SPECK, M.L. Identification of compounds causing 

symbiotic growth of Streptococcus thermophilus and Lactobacillus bulgaricus in milk. 

J. Dairy Res. v. 33 p. 299-307, 1966. 

BEAL, C.; SKOKANOVA, J.; LATRILLE, E.; MARTIN, N.; CORRIEU, G. Combined 

Effects of Culture Conditions and Storage Time on Acidification and Viscosity of Stirred 

Yogurt. J. Dairy Sci. v.82 n.4 p.673-681, 1999. 

BODÈ, S.; GUDMAND-HØYER, E. Incidence and clinical significance of lactose 

malabsorption in adult coeliac disease. Scand. J.Gastroenterol.v.23 p.484–488, 1988.  



63 

 

BOUDRAA, G.; BENBOUABDELLAH, M.; HACHELAF, W.; BOISSET, M.; DESJEUX, 

J.F.; TOUHAMI, M. Effect of feeding yogurt versus milk in children with acute diarrhea 

and carbohydrate malabsorption. J.Pediatr.Gastroenterol.Nutr.v.33 p.307– 313, 2001. 

BOUVET, O. M., M., PERNOUD, S.;GRIMONT, P. A. D. Temperature-dependent 

fermentation of D-sorbitol in Escherichia coli O157:H7. Appl. Environ. Microbiol.v,65 

p.4245-4247, 1999. 

BRASIL. Ministério da Saúde. Agência Nacional de Vigilância Sanitária. Portaria n° 

29, de 13 de janeiro de 1998. Aprova o Regulamento Técnico referente a Alimentos 

para Fins Especiais. Diário Oficial [da] República Federativa do Brasil, Brasília, DF, 

p.2-3. 30 mar 1998. Seção 1 

______. Ministério da Agricultura, Pecuária e Abastecimento. Instrução Normativa n° 

46, de 23 de outubro de 2007. Adota o Regulamento Técnico de Identidade e 

Qualidade de Leites Fermentados. Diário Oficial da União, Brasília, DF, p.4-7. 24 out. 

2007. Seção 1. 

______. Ministério da Agricultura, Pecuária e Abastecimento. Portaria nº 370, de 04 

de setembro de 1997. Aprova a Inclusão do Citrato de Sódio no Regulamento Técnico 

para Fixação de Identidade e Qualidade do Leite U.H.T (U.A.T). Diário Oficial [da] 

República Federativa do Brasil, Brasília, DF, p. 19700, 08 set. 1997. Seção 1. 

______. Ministério da Saúde. Agência Nacional de Vigilância Sanitária. Resolução da 

Diretoria Colegiada n°205, de 14 de novembro de 2006. Aprova o Regulamento 

Técnico sobre Enzimas e Preparações Enzimáticas para Uso na Produção de 

Alimentos Destinados ao Consumo Humano. Diário Oficial da União, Brasília, DF, 

p.64-66, 17 de novembro 2006. Seção 1. 

BYLUND, G. Dairy processing handbook. Tetra Pak Processing Systems, A/B Lund, 

Suécia 1995 440p. 

 

CANGANELLA, F.; OVIDI, M.; PAGANINI, S.; VETTRAINO, A. M.; BEVILACQUA, L.; 

TROVATELLI, L. D. Survival of undesirable microorganisms in fruit yoghurts during 

storage at different temperatures. Food Microbiol.v.15 p.71–77, 1998. 



64 

 

CENTERS FOR DISEASE CONTROL AND PREVENTION. Escherichia coli O157:H7 

outbreak linked to commercially distributed dry-cured salami—Washington and 

California, 1994. Morb. Mortal. Wkly. Rep. v.44 p.157–160, 1995. 

CENTERS FOR DISEASE CONTROL AND PREVENTION. Multistate Outbreak of 

Shiga toxin-producing Escherichia coli O157:H7 Infections Linked to Ground Beef, 

2014 Disponível em: http://www.cdc.gov/ecoli/2014/O157H7-05-

14/index.htmlAcessoem: 15/02/2015 

CHRISTOPHER, N.L.; BAYLESS, T.M. Role of the small bowel and colon in lactose-

induced diarrhea. Gastroenterol.v.60 p.845–852, 1971. 

CIRONE, K.; HUBERMAN, Y.; MORSELLA, C.; MÉNDEZ, L.; JORGE, M.; 

PAOLICCHI, F. Growth of Mycobacterium avium subsp. paratuberculosis, Escherichia 

coli, and Salmonella enteritidis during Preparation and Storage of Yogurt. ISRN 

Microbiol. 7p, 2013.  

COMPANHIA NACIONAL DE ABASTECIMENTO. Conjuntura Mensal: Leite e 

Derivados. 2014 9p.  

Disponível em:  

http://www.conab.gov.br/OlalaCMS/uploads/arquivos/14_10_10_11_05_11_leitesete

mbro2014.pdf  Acesso em: 13/02/2015 

DE BUYSER, M., DUFOUR, B., MAIRE, M., LAFARGE, V. Implication of milk and milk 

products in food-borne diseases in France and different industrialized countries. Int. J. 

Food Microbiol.v.67 p.1–17, 2001 

DE VIN, F.; RÅDSTRÖM, P.; HERMAN, L.; DE VUYST, L. Molecular and biochemical 

analysis of the galactose phenotype of dairy Streptococcus thermophilus strains 

reveals four different fermentation profiles. Appl. Environ. Microbiol. v.7 p.3659–3667, 

2005. 

DINEEN, S.S.; TAKEUCHI, K.; SOUDAH, J.E.; BOOR, K.J. Persistence of E. coli 

O157H7 in dairy fermentation systems. J. Food Protect. v. 61 p.1602-1608, 1998. 

http://www.cdc.gov/ecoli/2014/O157H7-05-14/index.html
http://www.cdc.gov/ecoli/2014/O157H7-05-14/index.html
http://www.conab.gov.br/OlalaCMS/uploads/arquivos/14_10_10_11_05_11_leitesetembro2014.pdf
http://www.conab.gov.br/OlalaCMS/uploads/arquivos/14_10_10_11_05_11_leitesetembro2014.pdf


65 

 

DOYLE, M. P.; SCHOENI, J. L. Survival and growth characteristics of Escherichia coli 

associated with hemorrhagic colitis. Appl. Environ. Microbiol., v.48 p.855–856, 1984. 

ELDER, R.O.; KEEN, J.E;.SIRAGUSA, G.R; BARKOCY-GALLAGHER, G. A.; 

KOOHMARAIE, M.; LAEGREID, W.W. Correlation of enterohemorrhagic Escherichia 

coli O157 prevalence in feces, hides, and carcasses of beef cattle during processing. 

Proc. Natl. Acad. Sci. U S A., v.97, p.2999–3003, 2000. 

ERKUS, O.; OKUKLU B.; YENIDUNYA A. F.; HARSA S. High genetic and phenotypic 

variability of Streptococcus thermophilus strains isolated from artisanal Yuruk 

yoghurts. LWT - Food Sci. Technol.v.58 n.2p.348–354, 2014. 

ESPIÉ, E.; VAILLANT, V.; MARIANI-KURKDJIAN, P.; GRIMONT, F.; MARTIN-

SCHALLER, R.; DE VALK, H.; VERNOZY-ROZAND, C. Escherichia coli O157 

outbreak associated with fresh unpasteurized goat’s cheese. Epidemiol. Infect. v.134, 

p.143-146, 2006. 

EVRENDILEK, G.A. Survival of Escherichia coli O157:H7 in yogurt drink, plain yogurt 

and salted (tuzlu) yogurt: Effects of storage time, temperature, background flora and 

product characteristics. Int. J. Dairy Technol. v.60, n.2, p.118–122, 2007. 

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS. 

Production of whole fresh cow milk. Statistics Division. Disponível em: 

http://faostat3.fao.org/browse/Q/QL/E      Acesso:12/01/2015 

FENG, P.; LUM, R.; CHANG, G. W. Identification of uidA gene sequences in β-d-

glucuronidase-negative Escherichia coli. Appl. Environ. Microbiol. v.57, p.320–323, 

1991. 

FERREIRA, C.L.L.F.; TESHIMA, E. Prebióticos: Estratégia dietética para manutenção 

da microbiota colônica desejável. Biotecnologia, Ciênc. Desenvolv. n. 16, p.22-25, 

2000. 

FOX, P.F. Lactose: Chemistry and Properties. In: Advanced Dairy Chemistry. Volume 

3: Lactose, Water, Salts and Minor Constituents. 3ª ed. Springer, Nova Iorque, EUA, 

2009, 793p. cap.1 p.01-13. 



66 

 

FOX, P.F; McSWEENEY, P.L.H. Dairy Chemistry and Biochemistry. Blackie Academic 

and Professional, Londres, Reino Unido, 1998, 478p. 

FRANCO, B.D.G.M.; LANDGRAF, M. Microbiologia dos Alimentos. Atheneu, São 

Paulo, Brasil, 2008. 182p 

FRANKLIN, A.B.; VERCAUTEREN, K.C.; MAGUIRE, H.; CICHON, M.K.; FISCHER, 

J.W.; LAVELLE, M. J; POWELL, A.; ROOT, J.J.; SCALLAN, E. Wild Ungulates as 

Disseminators of Shiga Toxin-Producing Escherichia coli in Urban Areas. Public 

Library of Science One, v.8, n.12, 2013, e.81512 Disponível em: 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081512 Acesso: 

29/01/2015 

GEKAS, V.; LOPEZ-LEIVA, M. Hydrolysis of lactose - a literature review. Process 

Biochem. v.20, p. 2–12, 1985. 

GONZÁLEZ DE LLANO, D.; RODRIGUEZ, A.; CUESTA, P. Effect of lactic starter 

cultures on the organic acid composition of milk and cheese during ripening - Analysis 

by HPLC. J. Appl.Microbiol.v.80 p.570–576, 1996  

GOVARIS, A.; KOIDIS, P.; PAPATHEODOROU, K. Behavior of E. coli O157: H7 in 

sour milk, cows’ milk yogurt and ewes’ milk yogurt. J. Dairy Res. v.69, p.655–660, 

2002. 

GRAND, J. G. What is lactose intolerance and how to measure it. In: NATIONAL 

INSTITUTES OF HEALTHCONSENSUS DEVELOPMENT CONFERENCE, 

Bethesda, Maryland, EUA, 2010 p.35-37. 22-24Fev de 2010. 

GULMEX, M.; GUVEN, A. Survival of Escherichia coli O157:H7, Listeria 

monocytogenes 4b and Yersinia enterocolitica O3 in ayran and modified kefir as pre- 

and postfermentation contaminant. Vet. Med. – Czech. v.45 n.5 p.126-132, 2003. 

 

GURAYA, R.; FRANK, J.F; HASSAN, A.N. Effectiveness of salt, pH, and diacetyl as 

inhibitors for E. coli O157H7 in dairy foods stored at refrigeration temperatures. J. Food 

Protect., v. 61 p.1098-1102, 1998. 



67 

 

HANCOCK, D. D; BESSER, T. E; KINSEL, M. L.; TARR, P. I.; RICE, D. H.; PAROS, 

M. G The prevalence of Escherichia coli O157.H7 in dairy and beef cattle in 

Washington State. Epidemiol.Infec.v.113 p 199-207, 1994. 

HEYMAN, M. B. Lactose Intolerance in Infants, Children, and Adolescents. 

Pediatricsv.118 n.3 p.1279-1286, 2006. 

HOLSINGER, V. H. Lactose. In: Fundamentals of Dairy Chemistry. 3ª ed.Van Nostrand 

Reinhold Company, Nova Iorque, EUA,1988 779p. cap 6. p 279-342. 

HONISH, L.; PREDY, G.; HISLOP, N.; CHUI, L.; KOWALEWSKA-GROCHOWSKA, 

K.; TROTTIER, L.; KREPLIN, C.; ZAZULAK, I. An outbreak of E. coli O157:H7 

hemorrhagic colitis associated with unpasteurized gouda cheese. Can. J. Public 

Health. v.96, n.3 p. 182-184, 2005. 

HUTKINS, R. W.; MORRIS H. A. Carbohydrate metabolism by Streptococcus 

thermophilus: a review. J. Food Prot. v.50 p.876–884, 1987. 

INGRAM, C.J.E.; SWALLOW, D.M. Lactose Malabsorption. In: Advanced Dairy 

Chemistry. Volume 3: Lactose, Water, Salts and Minor Constituents. 3ª ed., XXIV, 

2009, 793p cap.6 p. 203-229. 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. Yogurt -- 

Enumeration of characteristic microorganisms -- Colony-count technique at 37 degrees 

C. n. 7889, 11p, 2003.  

JASHBHAI, B.P.; BABOO, M.N. The History of Fermented Foods In: Handbook of 

Fermented Functional Foods. CRC Press, Boca Raton, Flórida, EUA, 2003, 600p. cap 

1 p1–25. 

JAY, M. T.; COOLEY, M.; CARYCHAO, D.; WISCOMB, G. W.; SWEITZER, R. A.; 

CRAWFORD-MIKSZA, L.; MANDRELL, R. E. Escherichia coli O157:H7 in Feral Swine 

near Spinach Fields and Cattle, Central California Coast. Emerg. Infect. Diseases, 

v.13, n.12, p.1908–1911, 2007. 

KARCH, H.; BIELASZEWSKA, M. Sorbitol-fermenting Shiga toxin-producing 

Escherichia coli O157:H(-) strains: epidemiology, phenotypic and molecular 



68 

 

characteristics, and microbiological diagnosis. J. Clin. Microbiol.v.39, p.2043–2049, 

2001. 

KASIMOĞLU, A.; AKGÜN, S. Survival of Escherichia coli O157: H7 in the processing 

and post‐processing stages of acidophilus yogurt. Int. J. Food Sci. Tech. v.39 n.5 

p.563–568, 2004. 

KNEIFEL, W.; JAROS, D.; ERHARD, F. Microflora and acidification properties of 

yogurt and yogurt-related products fermented with commercially available starter 

cultures. Int. J. Food Microbiol.v.18 p.179–189, 1993. 

KOLARS, J.C.; LEVITT, M.D.; AOUJI, M.; SAVAIANO, D.A. Yogurt: an autodigesting 

source of lactose. N. Engl. J. Med. v.310, p.1– 3, 1984. 

LABAYEN I.; FORGA, L.; GONZÁLEZ, A.; LENOIR-WIJNKOOP, I.; NUTR, R.; 

MARTÍNEZ, J.A. Relationship between lactose digestion, gastrointestinal transit time 

and symptoms in lactose malabsorbers after dairy consumption. 

Aliment.Pharmacol.Ther.v,15 p.543–549, 2001. 

LADAS, S.; PAPANIKOS, J.; ARAPAKIS, G. Lactose malabsorption in Greek adults: 

correlation of small bowel transit time with the severity of lactose intolerance. Gutv.23, 

p.968–973, 1982. 

LAPIERRE, L.; MOLLET, B.; GERMOND, J.E. Regulation and adaptive evolution of 

lactose operon expression in Lactobacillus delbrueckii. J. Bacteriol. v.184 p.928-935, 

2002. 

LEE, S.M.; CHEN, J. The influence of an extracellular polysaccharide, comprised of 

colanic acid, on the fate of Escherichia coli O157:H7 during processing and storage of 

stirred yogurt. Food Sci. Technol.-LEB. v.38 p.785-790, 2005. 

LOMER, M.C.; PARKES, G.C.; SANDERSON, J.D. Review article: lactose intolerance 

in clinical practice – myths and realities. Aliment. Pharmacol. Ther. v.27 p.93–103, 

2008. 

LONDON, L.E.E.; CHAURIN, V.; AUTY, M.A.E.; FENELON, M.A.; FITZGERALD, G.F.; 

ROSS, R.P.; STANTON, C. Use of Lactobacillus mucosae DPC 6426, an 



69 

 

exopolysaccharide producing strain, positively influences the techno-functional 

properties of yoghurt. Int. Dairy J. v.40p.33-38, 2015. 

LONGO, G. Influência da adição de lactase na produção de iogurtes. Curitiba, 2006, 

89f. Dissertação (Mestrado em Tecnologia de Alimentos), Universidade Federal do 

Paraná (UFPR). 

MARTINS, A. R.; MONTEIRO, R. L.; BURKERT, J. F. M.; BURKERT, C. A.V. 

Simultaneous Enzymatic Hydrolysis And Lactic Fermentation To Obtain A Yogurt With 

Low Lactose Content. Ciênc. Agrotec. v.36 n.5 p.551-559, 2012. 

MASSA, S.; ALTIERI, C.; QUARANTA, V.; DE PACE, R. Survival of Escherichia coli 

O157:H7 in yoghurt during preparation and storage at 4°C. J. Appl. Microbiol. v.24 

p.347–350, 1997. 

MATTAR, R.; MONTEIRO, M. S.; VILLARES, C. A., SANTOS, A. F.; SILVA, J. M.K. ; 

CARRILHO, F. J. Frequency of LCT -13910C>T single nucleotide polymorphism 

associated with adult-type hypolactasia/lactase persistence among Brazilians of 

different ethnic groups. Nutrition J. v.8 n. 46 p. 1-3, 2009. 

MENG, J.; DOYLE, M.P.; ZHAO, T.; ZHAO, S Enterohemorrhagic Escherichia coli. In: 

Food Microbiology: Fundamentals and Frontier. 4ª ed.ASM Press, Washington, EUA, 

2007, 1138p. cap.10 p. 249-269 

MERCK. Microbiology Manual. 12a ed. Merck KGaA, Darmstadt, Alemanha, p.287-

288, 2007. 

METCHNIKOFF, Ilya Ilyich. Prolongation of Life: Optimistic Studies. Springer 

Publishing Company, Nova Iorque, EUA, 296p., 2004. 

MIDOLO, P.D; LAMBERT, J.R.; HULL, R.; LUO, F.; GRAYSON, M.L. In vitro inhibition 

of Helicobacter pylori NCTC 11637 by organic acids and lactic acid bacteria. J. 

Appl.Bacteriol.v.79 p.475–479, 1995 

MORA, D.; FORTINA, M.G.; PARINI, C.; RICCI, G.; GATTI, M.; GIRAFFA, G.; 

MANACHINI, P.L. Genetic diversity and technological properties of Streptococcus 



70 

 

thermophilus strains isolated from dairy products. J. Appl. Microbiol. v.93, n.2, p. 278-

287, 2002. 

MORGAN, D.; NEWMAN, C.P.; HUTCHINSON, D.N.; WALKER, A. M.; ROWE, B.; 

MAJID, F. Verotoxin producing Escherichia coli O157 infections associated with the 

consumption of yoghurt. Epidemiol. Infect. v.111 p.181–187, 1993. 

NATARO, J.P.; KAPER, J.B. Diarrheagenic Escherichia coli. Clin.Microbiol Rev.v.11 

n.1 p.142-201, 1998. 

OGWARO, B.A.; GIBSON, H.; WHITEHEAD, M.; HILL, D.J. Survival of E. coli O157: 

H7 in traditional African yoghurt fermentation. Int. J. Food. Microbiol. v.79 p.105–112, 

2002. 

O’LEARY, V. S.; WOYCHIK, J. H. A Comparison Of Some Chemical Properties Of 

Yogurts Made From Control And Lactase-Treated Milks .J. Food Sci. v.41 p.791-793, 

1976a. 

O'LEARY, V.S.; WOYCHIK, J.H. Utilization of Lactose, Glucose, and Galactose by a 

Mixed Culture of Streptococcus thermophilus and Lactobacillus bulgaricus in Milk 

Treated with Lactase Enzyme. Appl. Environ. Microbiol. v.32 p.89-94, 1976b. 

OSAILI, T.M.; TAANI, M.; AL-NABULSI, A.A.; ATTLEE, A.; ODEH, R.A.; HOLLEY, 

R.A.; OBAID, R.S. Survival of Escherichia coli O157:H7 during the Manufacture and 

Storage of Fruit Yogurt. J. Food Saf. v.33 n.3 p.1745-4565, 2013. 

PENG, Y.; SERRA, M.; HORNE, D. S.; LUCEY, J. A. Effect of fortification with various 

types of milk proteins on the rheological properties and permeability of nonfat set 

yogurt. J. Food Sci. v. 74 n. 9 p.C666–C673, 2009. 

PETTE, J.W.; LOLKEMA, H. Yogurt, I: symbiosis and antibiosis in mixed cultures of 

Lb. bulgaricus and Sc. thermophilus, Neth. Milk Dairy J. v.4 p.197-208, 1950.  

PIRONI, L.; CALLEGARI, C.; CORNIA, G.L.; LAMI, F.; MIGLIOLI, M.; BARBARA, L. 

Lactose malabsorption in adult patients with Crohn’s disease. American J. 

Gastroenterol., v.83 p.1267–1271, 1988. 



71 

 

RADKE-MITCHELL, L.; SANDINE, W.E. Associative growth and differential 

enumeration of Streptococcus thermophilus and Lactobacillus bulgaricus: a review. J. 

Food Prot. v.47 p.245–248, 1984. 

REHMAN, S.U. Reduced Lactose and Lactose-Free Dairy Products. In: Advanced 

Dairy Chemistry. Volume 3: Lactose, Water, Salts and Minor Constituents. 3ª ed., New 

York, USA, 2009, 793p. cap.5 p.98-104. 

RICE, D.H.; HANCOCK, D.D.; BESSER, T.E. Faecal culture of wild animals for 

Escherichia coli O157:H7. Vet Rec. v.152 n.3 p.82-83, 2003. 

RICHMOND, M. L.; GRAY, J. I.; STINE, C. M. Beta-Galactosidase: Review of Recent 

Research Related to Technological Application, Nutritional Concerns, and 

Immobilization. J. Dairy Sci. v. 64 n.9 p.1759–1771, 1981. 

RILEY, L.W.; REMIS, R.S.; HELGERSON, S.D.; MCGEE, J.B.; WELLS, J.G.; DAVIS, 

B.R.; HEBERT, R.J.; OLCOTT, E.S.; JOHNSON, L.M.; HARGRETT, N.T.; BLAKE, 

P.A.; COHEN, M.L. Hemorrhagic colitis associated with a rare Escherichia coli 

serotype. New Engl. J. Med. v.308 p.681–685, 1983. 

RODAS, M. A. B.; RODRIGUES, R. M. M. S.; SAKUMA, H.; TAVARES, L. Z.; SGARBI, 

C. R.; LOPES, W. C. C. Physicochemical, histological and viability of lactic bacteria in 

yogurts containing fruit. Ciênc. Tec. Alim. v. 21 n. 3 p.304-309, 2001.  

RODRIGUEZ, V.A.; CRAVERO, B.F.; ALONSO, A. Proceso de elaboración de yogurt 

deslactosado de leche de cabra. Food Sci. Technol. (Campinas) v.28 p.109-115, 2008. 

SARGEANT, J. M., D. J. HAFER, J. R. GILLESPIE, R. D. OBERST, AND S. J. A. 

FLOOD. Prevalence of Escherichia coli O157:H7 in white-tailed deer sharing 

rangeland with cattle. J. Am. Vet. Med. Assoc. n.215 p.792–794, 1999. 

SARTZ, L.; DE JONG, B,; HJERTQVIST, M.; PLYM-FORSHELL, L.; ALSTERLUND, 

R.; LOFDAHL, S.; OSTERMAN, B.; STAHL, A.; ERIKSSON, E.; HANSSON, H.B.; 

KARPMAN, D. An outbreak of Escherichia coli O157:H7 infection in southern Sweden 

associated with consumption of fermented sausage; aspects of sausage production 

that increase the risk of contamination. Epidemiol. Infect. v.136 p.370–380, 2008. 



72 

 

SAVILAHTI, E.; LAUNIALA, K.; KUITUNEN,P. Congenital lactase deficiency. A clinical 

study on 16 patients. Arch. Dis. Child.v.58, n.4, p.246-252, 1983. 

SCHAAFSMA, Gertjan. Lactose and lactose derivatives as bioactive ingredients in 

human nutrition. Int. Dairy J. v.18, n.5, p.458-465, 2008. 

SCHAECHTER, M. Escherichia coli In: Encyclopedia of Microbiology. 3ª ed Academic 

Press San Diego, Califórnia, EUA, 2009, 3944p. cap 4 p.125-131. 

SHAH, N.P.; LANKAPUTHRA, W.E.V.; BRITZ, M.; KYLE, W.S.A. Survival of L. 

acidophilus and Bifidobacterium bifidum in commercial yoghurt during refrigerated 

storage. Int. Dairy J. v.5 p.515–521, 1995. 

SHIBY, V.K.; MISHRA, H.N. Fermented milks and milk products as functional foods: a 

review. Crit. Rev. Food Sci. Nutr. v.53 p.482–496, 2013. 

SMIT, G.; SMIT, B.A.; ENGELS, W.J.M. Flavour formation by lactic acid bacteria and 

biochemical flavour profiling of cheese products FEMS Microbiol. Rev. v.29 p.591–

610, 2005. 

SUZUKI, I.; KATO, S.; KITADA, T.; YANO, N.; MORICHI, T. Growth of Lactobacillus 

bulgaricus in milk. I. Cell elongation and the role of formic acid in boiled milk. J. Dairy 

Sci. v.69 p.311-320, 1986.  

SWANSON, K. M. J.; PETRAN, R. L.; HANLIN, J. H. Culture Methods for 

Enumerations of Microorganisms. In: Compendium of methods for the microbiological 

examination of foods. 4ª ed. Downes, F. P. and F. Ito, ed. American Health Public 

Association, Washington, USA 2001 676 p. cap. 6. p. 53 – 62 

TAMINE, A. Y.; ROBINSON, R. K. Yoghurt: science and technology. 3ª ed. New York: 

CRC Press, 2007. 791 p. 

TEIXEIRA, A. C. P.; MOURTHÉ, K.; ALEXANDRE, D. P.; SOUZA, M. R.; PENNA, C. 

F. A. M. Qualidade do iogurte comercializado em Belo Horizonte. Leite & Derivados, 

v. 9 n. 51 p. 32-37, 2000. 



73 

 

TORTORA, G.J.; FUNKE, B.R.; CASE, C.L. Microbiology: An Introduction. 12ª ed., 

Pearson Education, Illinois, EUA 2012, 960 p. 

TOSUN, H.; SEÇKIN, A.K.; AKTUḠ GÖNÜL, S. Acid adaptation effect on survival of 

Escherichia coli O157:H7 in fermented milk products. Turk. J. Vet. Anim. Sci. v.31 n.1 

p. 61-66, 2006. 

VAN DONKERSGOED, J.; GRAHAM, T.; GANNON, V. The prevalence of verotoxins, 

Escherichia coli 0157:H7, and Salmonella in the feces and rumen of cattle at 

processing. Can. Vet. J. v.40 p.332-338, 1999  

VAUGHAN, E.E.; VAN DEN BOGAARD, P.T.; CATZEDDU, P.; KUIPERS, O.P.; VOS, 

W.M. de. Activation of silent gal genes in the lac-gal regulon of Streptococcus 

thermophilus. J. Bacteriol.v.183p.1184–1194, 2001. 

VÉNICA, C.I; BERGAMINI, C.V.; ZALAZAR, C. A.; PEROTTI, C. V. Effect of lactose 

hydrolysis during manufacture and storage of drinkable yogurt. J. Food Nutr. Disord. 

v.2 p. 1–7, 2013. 

VÉNICA, C. I.; PEROTTI, M. C.; BERGAMINI, C. V. Organic acids profiles in lactose-

hydrolyzed yogurt with different matrix composition. Dairy Sci. & Technol. v.94 p.561–

580, 2014. 

VINHAL, E. F. Hidrólise da lactose no leite por beta-galactosidase de Kluyveromyces 

fragilis. 2001. 100p. Dissertação (Mestrado em Engenharia Química) – Faculdade de 

Engenharia Química, Universidade Federal de Uberlândia, Uberlândia – MG, 2001. 

VOGT, R.L.; DIPPOLD, L. Escherichia coli O157:H7 outbreak associated with 

consumption of ground beef, June-July 2002. Public Health Rep. v.120 n.2 p.174-178, 

2005. 

VUORISALO, Timo; ARJAMAA, Olli; VASEMÄGI, Anti; TAAVITSAINEN, Jussi-Pekka; 

TOURUNEN, Auli; SALONIEMI, Irma. Perspectives in Biology and High Lactose 

Tolerance in North Europeans: A Result of Migration, Not In Situ Milk Consumption. 

Perspect. Biol. Med. v.55 n.2, p.163-174, 2012. 



74 

 

WELLS, J. G., L. D. SHIPMAN, K. D. GREENE, E. G. SOWERS, J. H. GREEN, D. N. 

CAMERON, F. P. DOWNES, M. L. MARTIN, P. M. GRIFFIN, S. M. OSTROFF, M. E. 

POTTER, R. V. TAUXE, and I. K. WACHSMUTH. Isolation of Escherichia coli serotype 

O157:H7 and other Shiga-like-toxin-producing E. coli from dairy cattle. 

J.Clin.Microbiol.v.29 p.985–989, 1991. 

WILLEM, M.V. Metabolic engineering of sugar catabolism in lactic acid bacteria. Anton. 

Leeuw. v.70 p.223-242, 1996. 

WILLEY, J. M.; SHERWOOD, L. M.; WOOLVERTON, C. J. Microbiology. 7ª ed 

McGraw-Hill Higher Education, Boston, EUA., 2008, 1147 p. 

WILLIAMS, R.C.; ISAACS, S.; DECOU, M.L.; RICHARDSON, E.A.; BUFFET, M.C.; 

SLINGER, R.W.; BRODSKY, M.H.; CIEBIN, B.W.; ELLIS, A.; HOCKIN, J. Illness 

outbreak associated with Escherichia coli O157:H7 in Genoa salami. Can. Med. Assoc. 

J. v.162 p.1409–1413, 2000. 

WOLF, I.V.; VÉNICA, C.I.; PEROTTI, M.C. Effect of reduction of lactose in yogurts by 

addition of β-galactosidase enzyme on volatile compound profile and quality 

parameters. Int. J. Food. Sci. Tech. 2015.  

Disponível em: http://dx.doi.org/10.1111/ijfs.12745 Acesso em: 15/02/2015.  

XU, J.G.; QUAN, T.S.; XIAO, D.L.; FAN, T.R.; LI, L.M.; WANG, C.A.; LI, W.; LIU, H.M. 

Isolation and characterization of Escherichia coli O157:H7 strains in China. 

Curr.Microbiol.v.20 p.299–303, 1990.  

ZSIVKOVITS, M.; FEKADU, K.; SONTAG, G.; NABINGER, U.; HUBER, W.W.; KUNDI, 

M.; CHAKRABORTY, A.; FOISSY, H.; KNASMÜLLER, S. Prevention of heterocyclic 

amine-induced DNA damage in colon and liver of rats by different Lactobacillus strains. 

Carcinogenesis, v.24 n.12 p.1913-1918, 2003. 

 



75 
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