
 
 

UNIVERSIDADE FEDERAL DE SANTA MARIA 

CENTRO DE CIÊNCIAS RURAIS 

PROGRAMA DE PÓS-GRADUAÇÃO EM CIÊNCIA E TECNOLOGIA 

DOS ALIMENTOS 

 

 

 

 

 

 

 

 

Carlos Pasqualin Cavalheiro 
 

 

 

 

 

 

 

 

PROBIÓTICOS ENCAPSULADOS APLICADOS EM 

PRODUTO CÁRNEO 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Santa Maria, RS, Brasil 

2016 
 



 
 

Carlos Pasqualin Cavalheiro 

 

 

 

 

 

 

 

PROBIÓTICOS ENCAPSULADOS APLICADOS EM PRODUTO CÁRNEO 

 

 

 

 

 

 
Tese apresentada ao Curso de Doutorado 

do Programa de Pós-Graduação em Ciência 

e Tecnologia dos Alimentos, da 

Universidade Federal de Santa Maria 

(UFSM, RS), como requisito parcial para 

obtenção do grau de Doutor em Ciência e 

Tecnologia dos Alimentos. 

 

 

 

 

 

 

 

 

 

 

Orientador: Profa. Dra. Leadir Lucy Martins Fries 

Co-orientador: Prof. Dr. Cristiano Ragagnin de Menezes  

 

 

 

 
 

 

 

 

 

 
Santa Maria, RS, Brasil 

2016 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Carlos Pasqualin Cavalheiro 

 

 

 

 

 

 

 

PROBIÓTICOS ENCAPSULADOS APLICADOS EM PRODUTO CÁRNEO 

 

 

 

 

 

 

Tese apresentada ao Curso de Doutorado 

do Programa de Pós-Graduação em Ciência 

e Tecnologia dos Alimentos, da 

Universidade Federal de Santa Maria 

(UFSM, RS), como requisito parcial para 

obtenção do grau de Doutor em Ciência e 

Tecnologia dos Alimentos. 

 

 

 

Aprovado em 20 de maio de 2016 

 

 

 

_____________________________________________ 

Leadir Lucy Martins Fries. Dra. (UFSM) 

(Presidente/Orientador) 

 

_____________________________________________ 

Ernesto Hashime Kubota, Dr. (UFSM) 

 

_____________________________________________ 

Pablo Teixeira da Silva, Dr. (UFSM) 

 

_____________________________________________ 

Cristiane Franco Codevilla, Dra. (UFRGS) 

 

_____________________________________________ 

Maristela Cortez Sawitzki, Dra. (UNIPAMPA) 

 

 

 

 

Santa Maria, RS 

2016 



 
 

AGRADECIMENTOS 

 

Aos meus pais Carlos e Isa, por todo o apoio e compreensão em todos os momentos, pela 

paciência e pelo amor incodicional. À minha irmã Eveline e à minha sobrinha Isabela. 

À professora Leadir Lucy Martins Fries, pela confiança em meu trabalho, pela amizade, 

estímulo, orientação e apoio durante todos estes anos. 

Ao professor Cristiano Ragagnin de Menezes, pela amizade, disponibilidade, apoio e 

confiança em todos os momentos do desenvolvimento deste trabalho. 

Ao professor Nelcindo Nascimento Terra, por ter confiado em meu trabalho desde os tempos 

de iniciação científica, pelas oportunidades, amizade e pelo grande exemplo de pessoa e 

profissional. 

À todos os professores do PPGCTA, funcionários e colegas que tanto enriqueceram o 

convívio diário. 

Aos meus companheiros de LAB 106, Mariana, Augusto, Maria Fernanda, Thaiane, Graciele, 

Gabriela, Greice, Maiara, Cristiane, Luiza, Caroline, Andressa e Vitor, por todo o 

aprendizado, companheirismo, amizade e pelo auxílio nas análises. 

À todos meus amigos, pela compreensão em momentos de ausência, pela amizade, parceria e 

cumplicidade. 

Ao Dr. Luigi Faucitano, por ter aberto as portas do seu laboratório e pela oportunidade tão 

importante em minha vida. 

À todos os amigos do Dairy and Swine Research and Development Centre, Sophie Horth, 

Sabine Conte, Marjolaine, Douglas Castagnino, Sophie Brajon, Luciana Louzada, David, 

Aurélie, Melissa Duplessis, Raj, Ran, Nuria Merino, Enrique, Luiene, Danyel, Nathalie, 

Valérie, Noemie, Oceane, Salut e Luca, por todas as coisas legais que fizemos, pelo apoio, 

viagens e festas. 

Aos Drs. Francisco Jiménez-Colmenero, Claudia Ruiz-Capillas e Ana Maria Herrero, do 

Instituto de Ciência y Tecnologia de Alimentos y Nutrición (ICTAN), pela oportunidade e 

disponibilidade, pelo exemplo de professional, pela amizade e por todos os bons momentos 

vividos durante o ano de estágio de doutorado sanduíche. 



 
 

Às minhas companheiras de pesquisa do “grupo dos cárnicos”, Maria Teresa, Maria Nardoia, 

Maria Freire, Tatiana Pintado, Carmen de La Mata e Diana Ramírez pela amizade, 

companheirismo, auxílio nas análises e por todos os bons momentos compartilhados. 

Aos meus queridos amigos do ICTAN, Maria Vasquez, Nacho, Victor, Maria Isabel, Oscar, 

Meritaine, Gyselle, Isa Sánchez, Fernando, Ailén, Javi, Alicia, Daniel, Silvia, Deisi, Pilar, 

Rubén, Ruti, Laura, Gema Campos, Rosi, Sunantha (Joyce), Anass, Joaquin e Lorena, por 

terem me recebido tão bem, pela amizade e pelo carinho. 

Aos meus companheiros de piso, Davide, Cesar, Babu, Tamara, Kevin, Giacomo, Stephanie, 

Sandra, Leire e Julia por tudo que vivimos, pela amizade, apoio e compreensão em todos os 

momentos. 

Aos Drs. Ernesto Hashime Kubota, Pablo Teixeira da Silva, Maristela Corteza Sawitzki, 

Cristiane Franco Codevilla, Paulo Cézar Bastianello Campagnol e Mari Silvia Rodrigues de 

Oliveira por terem aceitado participar da banca. 

À CAPES, pelo apoio financeiro durante o doutorado e doutorado sanduíche. 

Agradeço à todos, que de uma maneira ou outra, participaram e colaboraram para que este 

trabalho fosse desenvolvido. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

 

Parte da pesquisa realizada nesta tese de doutorado foi desenvolvida no 

Departamento de Produtos do Instituto de Ciencia y Tecnología de Alimentos y 

Nutricíon (ICTAN) do Consejo Superior de Investigaciones (CSIC) em Madrid, 

Espanha sob orientação do Dr. Francisco Jiménez-Colmenero e da Dra. Claudia 

Ruiz-Capillas. A parte experimental foi financiada através dos projetos AGL 

2011-29644-C-02-01 (MINECO, Espanha), S2013/AGR-2913 (MEDGAN) 

(CAM) e Projetos Intramural: 2014470E073 e 201470E056 (CSIC). 

 

 

Part of this research was carried out at Department of Products at the Institute of 

Food Science, Technology and Nutrition of Spanish Science Research Council, 

Madrid, Spain under supervision of Dr. Francisco Jiménez-Colmenero and Dra. 

Claudia Ruiz-Capillas. The experimental researches were funded by the projects 

AGL 2011-29644-C02-01 (MINECO, Spain), S2013/AGR-2913 (MEDGAN) 

(CAM) and the Intramural Projects: 2014470E073 and 201470E056 (CSIC). 

 

 
 



 
 

RESUMO 

 

 

PROBIÓTICOS ENCAPSULADOS APLICADOS EM PRODUTO 

CÁRNEO 

 

AUTOR: Carlos Pasqualin Cavalheiro 

ORIENTADOR: Leadir Lucy Martins Fries 

CO-ORIENTADOR: Cristiano Ragagnin de Menezes 

 

 

Este trabalho teve por objetivo encapsular microrganismos probióticos, avaliar 

sua resistência frente à condições adversas de processamento e estudar a 

aplicação em embutido cárneo fermentado. Para isso o L. plantarum ATCC 

8041 e E. faecium ATCC 700221 foram encapsulados através da técnica de 

extrusão usando alginato de sódio juntamente com inulina, leite em pó e trealose 

como materiais de cápsula e submetidos à condições adversas de processamento 

como altas temperaturas, altas concentrações de cloreto de sódio e nitrito de 

sódio e armazenamento sob refrigeração. Posteriormente, o L. plantarum foi 

adicionado na forma livre e encapsulado através das técnicas de extrusão, 

emulsão simples e emulsão dupla em embutido fermentado e avaliado durante 

seu processamento e armazenamento. Observou-se que a encapsulação foi eficaz 

na proteção dos probióticos às condições adversas, especialmente quando 

submetidos à temperatura de 70 ºC e altas concentrações de cloreto e nitrito de 

sódio. Os probióticos encapsulados se mantiveram em níveis adequados durante 

os 70 dias de armazenamento sob refrigeração. Ainda, a adição de L. plantarum 

encapsulado por diferentes técnicas não alterou as características físico-químicas 

do embutido fermentado durante seu processamento e armazenamento. No 

entanto, a encapsulação através da técnica de extrusão se mostrou mais viável 

em manter as contagens de L. plantarum em níveis mais elevados no produto 

durante o processamento e armazenamento. A adição de L. plantarum 

encapsulado em emulsão simples e emulsão dupla aumentou a oxidação lipídica 

dos embutidos fermentados. Ainda, na análise sensorial, os produtos contendo L. 

plantarum encapsulado em emulsão simples apresentaram notas inferiores ao 

controle nos quesitos sabor, dureza, textura e aceitação geral.  

 

Palavras-chave: probióticos, encapsulação, embutido fermentado, Lactobacillus 

plantarum, emulsões duplas. 

 

 

 

 

 



 
 

ABSTRACT 

 

 

Encapsulated probiotics applied in meat product 

 

AUTHOR: Carlos Pasqualin Cavalheiro 

ADVISER: Leadir Lucy Martins Fries 

CO-ADVISER: Cristiano Ragagnin de Menezes 

 

 

The aim of this study was to encapsulate probiotic microorganisms, evaluating 

their resistance against harsh environments and the use in dry fermented 

sausages. L. plantarum ATCC 8041 and E. faecium ATCC 700221 were 

encapsulate in alginate beads in association with inulin, milk powder and 

trehalose through extrusion technique and submitted to stressful environments 

such as high temperatures, high concentrations of sodium chloride and sodium 

nitrite and refrigerated storage period. Subsequently, L. plantarum was added to 

dry fermented sausages as free cells or encapsulated using extrusion, emulsion 

and double emulsion techniques. Encapsulation was effective to protect 

probiotics against stress treatments, mainly 70 ºC temperature and high 

concentrations of sodium chloride and sodium nitrite. Furthermore, encapsulated 

probiotics kept their viability throughout 70 days of refrigerated storage. In 

addition, the use of encapsulated L. plantarum did not change physico-chemical 

properties of dry fermented sausage during processing and storage. However, 

the extrusion technique seems to be more effective to keep higher counts of L. 

plantarum in dry fermented sausages during processing and storage. The 

addition of L. plantarum encapsulated in emulsion and double emulsion 

increased lipid oxidation in dry fermented sausages. Furtermore, in sensory 

analysis, dry fermented sausages containing L. plantarum encapsulated in 

emulsion had lower scores than control treatment in flavor, hardness, texture and 

overall acceptance attributes. 

 

Key words: probiotics, encapsulation, dry fermented sausage, Lactobacillus 

plantarum, double emulsions. 
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APRESENTAÇÃO 

 
Essa tese segue as normas estabelecidas na Estrutura e Apresentação de Monografias, 

Dissertações e Teses – MDT da UFSM (UFSM, 2015). Os resultados estão apresentados na 

forma de cinco artigos científicos, sendo que dois deles compõem a Revisão Bibliográfica no 

ítem DESENVOLVIMENTO. Os três artigos restantes se encontram no ítem Parte 

Experimental do DESENVOLVIMENTO. As seções Materiais e Métodos, Resultados e 

Discussão encontram-se nos artigos científicos e representam a íntegra desse trabalho. Ao 

final dessa tese, encontram-se os itens DISCUSSÃO e CONCLUSÕES, apresentando uma 

compilação de intepretações e comentários a respeito dos resultados demonstrados nos artigos 

científicos contidos nesse trabalho. As REFERÊNCIAS referem-se somente às citações que 

aparecem nos itens INTRODUÇÃO e DISCUSSÃO dessa tese.  
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1 INTRODUÇÃO 

 

A carne é um alimento extremamente nutritivo, rico em proteínas, aminoácidos 

essenciais, vitaminas e minerais (DECKER & PARK, 2010). Os produtos cárneos geralmente 

são fabricados com retalhos cárneos em associação com outros ingredientes como sal (NaCl), 

toucinho, nitritos e conservantes. Nos últimos anos têm se buscado a reformulação dos 

produtos cárneos, com o objetivos de torná-los mais saudáveis e atrativos para consumidores 

mais exigentes. Este tipo de reformulação pode-se basear na redução ou substituição do sal, 

redução de gordura ou sua substituição por gorduras vegetais com maior concentração de 

ácidos graxos insaturados e a adição de fibras, vitaminas, minerais, antioxidantes e 

probióticos (OLMEDILLA-ALONSO et al., 2013).  

Hoje em dia os consumidores buscam cada vez mais por alimentos que sejam seguros 

e nutritivos, além de saudáveis e o mais natural possíveis (JIMÉNEZ-COLMENERO et al., 

2006). Assim, o mercado dos alimentos funcionais cresceu rapidamente nas últimas décadas, 

principalmente devido à essas mudanças comportamentais dos consumidores (MENRAD, 

2003). Entre os alimentos funcionais, incluem-se os alimentos probióticos e os benefícios que 

estes promovem estão baseados na presença de cepas selecionadas de bactérias ácido lácticas 

(BAL) que necessitam estar em quantidades adequadas para exercer efeito positivo na saúde 

de quem os consome (FAO/WHO, 2002). Conforme Agrawal (2005), os produtos probióticos 

são uma parcela importante de alimentos funcionais, uma vez que representam 65% do 

mercado mundial deste tipo de produto. 

Os principais microrganismos com características probióticas pertencem aos gêneros 

Lactobacillus e Bifidobacterium. Porém, atualmente diversos outros gêneros como 

Pediococcus, Enterococcus e Saccharomyces estão sendo utilizados por apresentarem 

benefícios comprovados à saúde do consumidor (WEINBRECK et al., 2010).. No entanto, 

estes benefícios são espécie-específicos (KEKKONEN et al., 2007) e para que ocorram é 

indicado que a dose diária de probióticos seja entre 108-109 UFC/g (CHAMPAGNE et al., 

2005), sendo que a mínima concentração de probióticos no alimento deve ser entre 106-107 

UFC/g no momento do consumo (NULKAEKUL et al., 2012). 

Embora produtos lácteos sejam os alimentos mais comuns como veículo para 

microrganismos probióticos, diversos estudos vêm sendo realizados com adição de bactérias 

probióticas em produtos cárneos, especialmente os fermentados, com o intuito de aumentar o 

valor nutricional e caracterizá-los como alimentos funcionais (CAVALHEIRO et al., 2015; 
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DE VUYST et al., 2008; MACEDO et al., 2008; ROUHI et al., 2013; RUBIO et al., 2013; 

RUBIO et al., 2014a; RUBIO et al., 2014b; RUBIO et al., 2014c; RUIZ-MOYANO et al., 

2011a; RUIZ-MOYANO et al., 2011b; TRZASKOWSKA et al., 2014). Algumas bactérias 

ácido láticas (BAL) isoladas de produtos cárneos e com características probióticas já vem 

sendo utilizadas como culturas starters em outros produtos cárneos. A principal vantagem é 

que estes microrganismos apresentam maior resistência às características adversas deste tipo 

de produto. As BAL mais frequentemente isoladas de produtos cárneos fermentados são L. 

plantarum, L. fermentum, L. sake, L. curvatus, L. brevis, P. pentosaceus e P. acidilactici 

(BENITO et al., 2007; DE VUYST et al., 2008; REBUCCI et al., 2007; SCHILLINGER et 

al., 1996). Já em produtos cárneos cozidos, as BAL mais comumente isoladas são Aerococcus 

viridans, E. faecium, L. plantarum e P. pentosaceus (RAMÍREZ-CHAVARIN et al., 2010). 

Estudos relatam que a viabilidade dos microrganismos probióticos é baixa quando 

estes são adicionados como células livres em alimentos (DE VOS et al., 2010). Por isso, o 

maior desafio na incorporação de probióticos em alimentos está em manter a viabilidade das 

bactérias durante o processamento e armazenamento até o consumo do produto (GRANATO 

et al., 2010). Em se tratando de produtos cárneos, o microrganismo necessita resistir ao alto 

teor de sal e sais de cura, baixo pH e baixa atividade de água dos produtos fermentados e 

ainda, ao tratamento térmico dos produtos cozidos. Por fim, o microrganismo deve resistir às 

barreiras naturais do hospedeiro, como as condições adversas do ambiente gástrico para que 

consiga exercer suas funções diretamente no intestino (KIM et al., 2008). 

Nesse contexto, a técnica de encapsulação é uma tecnologia promissora e que já vem 

sendo utilizada para oferecer proteção aos microrganismos probióticos e aumentar sua 

sobrevivência em vários tipos de produtos (HEIDEBACH et al., 2012; HOMAYOUNI et al., 

2008; OZER et al., 2009). Encapsulação é definida como a tecnologia de empacotamento de 

materiais sólidos, líquidos ou gasosos em cápsulas que são capazes de liberar seu conteúdo 

em determinado momento sob influência de condições específicas (ANAL & STEVENS, 

2005; ANAL et al., 2006; ANAL & SINGH, 2007; KAILASAPATHY & MASONDOLE, 

2005). Também, pode ser definida como um processo físico-químico ou mecânico com o 

objetivo de desenvolver partículas com diâmetros desde pequenos nanômeros até pequenos 

milímetros (CHEN & CHEN, 2007), produzindo uma barreira física contra condições de 

stress (CHÁVARRI et al., 2010; NAZZARO et al., 2009). Diversas técnicas distintas podem 

ser utilizadas para encapsular probióticos e compostos bioativos, sendo a extrusão, 
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emulsificação, spray drying e freeze drying as mais comuns. A encapsulação de compostos já 

vem sendo amplamente utilizada nas áreas têxtil, agroquímica, alimentícia e farmacêutica. 

Alguns estudos já vem demonstrando a eficácia da técnica de encapsulação para 

protoger microrganismos probióticos à características adversas de processamento e ao trato 

gastrointestinal (REFERÊNCIAS). Este trabalho, traz o uso de alginato de sódio, inulina, leite 

em pó e trealose como materiais de cápsulas na encapsulação de Lactobacillus plantarum e 

Enterococcus faecium com o intuito de proteger-los do alto teor de cloreto de sódio (NaCl), 

nitrito de sódio (NaNO2), altas temperaturas e armazenamento sob refrigeração. Ainda, este 

trabalho é inovador no ponto de vista do preparo de emulsões simples (W/O) e dupla 

(W/O/W) contendo Lactobacillus plantarum encapsulado e sua aplicação em um produto 

cárneo fermentado espanhol (Chorizo). 

 

1.1 Objetivos 

1.1.1 Objetivo geral 

 O objetivo geral deste trabalho foi desenvolver cápsulas contendo os microrganismos 

probióticos L. plantarum e E. faecium e avaliar a viabilidade dos probióticos encapsulados 

sob condições adversas de processamento e armazenamento de alimentos in vitro; aplicar  L. 

plantarum livre e encapsulado à produção de embutido fermentado espanhol (Chorizo) e 

avaliar a viabilidade dos probióticos adicionados e seus efeitos sobre as características de 

qualidade do produto durante o processamento e armazenamento. 

  

1.1.2 Objetivos específicos 

 - Desenvolver cápsulas contendo os microrganismos probióticos L. plantarum e E. 

faecium através da técnica de extrusão, utilizando como materiais de cápsula o alginato de 

sódio, leite em pó, inulina e trealose; 

 - Avaliar a viabilidade dos microrganismos probióticos L. plantarum e E. faecium 

livres e encapsulados à altas temperaturas de processamento (70 e 80 ºC) por diferentes 

períodos de tempo (5, 10, 20 e 30 min);  
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 - Avaliar a viabilidade dos microrganismos probióticos L. plantarum e E. faecium 

livres e encapsulados à diferentes concentrações de cloreto de sódio (NaCl) (0,5; 1,0; 2,5 e 

5,0%); 

 - Avaliar a viabilidade dos microrganismos probióticos L. plantarum e E. faecium 

livres e encapsulados à diferentes concentrações de nitrito de sódio (NaNO2) (0,5 e 1,0%); 

 - Avaliar a viabilidade dos microrganismos probióticos L. plantarum e E. faecium 

encapsulados durante o armazenamento por 70 dias a 4 ºC; 

 - Desenvolver cápsulas contendo o microrganismo probióticos L. plantarum através 

das técnicas de extrusão, emulsão simples (W/O) e emulsão dupla (W/O/W); 

 - Elaborar embutidos fermentados (Chorizos) contendo L. plantarum livre e 

encapsulado pelos métodos de extrusão, emulsão simples e emulsão dupla; 

 - Analisar as características físico-químicas, composição centesimal, cor e 

características microbiológicas durante o processamento de Chorizos elaborados com L. 

plantarum livre e encapsulado pelos métodos de extrusão, emulsão simples e emulsão dupla; 

 - Analisar as características físico-químicas, cor, características microbiológicas, 

oxidação de lipídios, textura e características sensoriais durante o armazenamento de Chorizos 

elaborados com L. plantarum livre e encapsulado pelos métodos de extrusão, emulsão simples 

e emulsão dupla. 
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Abstract 24 

 This work aimed to investigate the encapsulation of Lactobacillus plantarum ATCC 25 

8041 and Enterococcus faecium ATCC 700221 in alginate beads in association with milk 26 

powder, inulin and trehalose and to study the protective effects of such matrix during stress 27 

treatments such as high processing temperature, high sodium chloride and sodium nitrite 28 

levels, and storage period (4 ºC). Free L. plantarum was more resistant to 70 ºC than free E. 29 

faecium. At 80 ºC, encapsulated L. plantarum was resistant to 10 minutes with values higher 30 

than 6 log CFU/g, while encapsulated E. faecium was resistant to 5 min. NaCl even at low 31 

concentrations was able to reduce viability of both probiotics when used as free cells. 32 

However, higher concentrations of NaCl were able to reduce just the viability of E. faecium as 33 

free cells. In relation to sodium nitrite, concentrations of 1.0% reduced viability of both 34 

probiotics either as free cells or as encapsulated forms. In addition, both encapsulated L. 35 

plantarum and E. faecium had counts higher than 6 log CFU/g during the whole storage 36 

period (70 days). Then, the encapsulation of probiotics in alginate beads containing inulin, 37 

milk powder and trehalose was effective to protect them against harsh environments. 38 

Keywords: encapsulation, alginate beads, probiotics, trehalose, stress treatments. 39 

 40 

 41 

 42 
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1. Introduction 46 

Probiotics are defined as “live microorganisms which, when administered in 47 

adequate amounts, confer health benefits on the host” (FAO/WHO, 2002). Among the health 48 

benefits that probiotics consumption could bring to host are immune enhancement, diarrhea 49 

reduction, prevention of some types of cancer, cholesterol reduction, and prevention of 50 

gastrointestinal infections (Douglas & Sanders, 2008). It is well known many strains of 51 

Lactobacillus plantarum are marketed as probiotics since they are one of the most widely 52 

used lactic acid bacteria (LAB), have a homofermentative metabolism, moderate acid 53 

tolerance and are considered as a GRAS (Generally Regarded as Safe) organism. However, 54 

other species are also largely used as probiotic such as Bifidobacterium, Pediococcus, 55 

Enterococcus and Saccharomyces (Weinbreck, Bodnár, & Marco, 2010). Nowadays, a special 56 

attention has been given for the use of Enterococcus as probiotics, especially for its ability to 57 

improve the intestinal microbial balance or can be used in the treatment of gastroenteritis in 58 

humans and animals (Giraffa, 2003; Foulquie-Moreno, Sarantinopoulos, Tsakalidou, & De 59 

Vuyst, 2006).  60 

In relation to the levels of adequate doses of probiotics, it can vary in different 61 

standards and regulations. According to Nulkaekul, Lenton, Cook, Khutoryanskiy, & 62 

Charalampopoulos  (2012), the minimum probiotic concentration in food should be between 63 

106 and 107 CFU/g or CFU/ml at the moment of consumption, but the recommended daily 64 

probiotics intake is between 108-109 CFU/g or CFU/ml (Champagne, Ross, Saarela, Hansen, 65 

& Charalampopoulos, 2011). Nevertheless, with advances in understanding the benefits that 66 

consumption of probiotic microorganisms can promote to the host, their stability remains a 67 

major concern. Adverse conditions of gastrointestinal tract (GIT), characterized by pH change 68 

and bile salt secretions, have been a limiting factor for probiotics application (Su et al., 2011). 69 

In addition, the susceptibility of bacteria to drastic temperature changes during storage and 70 
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processing, and food physico-chemical characteristics are other limiting factors of probiotics 71 

application in food (Albertini et al., 2010). Up to now, dairy products such as yoghurt and 72 

fermented milks, juices and vegetables are the most common probiotic foods (Burgain, 73 

Gaiani, Linder, & Scher, 2011). In meat products, probiotics inoculation is still limited to 74 

those are fermented (Cavalheiro et al., 2015). 75 

Many reports indicated there is poor survival of probiotics bacteria in products 76 

containing free probiotic cells (De Vos, Faas, Spasojevic, & Sikkema, 2010). Therefore, the 77 

incorporation of probiotic microorganisms in food generally requires encapsulation of 78 

bacterial cells to maintain viability under harsh conditions (Burgain et al., 2011). In general, 79 

encapsulation is the method whereby solids, liquids or gaseous materials are placed in an 80 

insert shell (capsule) and are released at a controlled rate under specific conditions 81 

(Champagne & Fustier, 2007). Even more, encapsulation technology offers good protection to 82 

probiotics against harsh environments by isolating them from outside (Anal & Singh, 2007). 83 

Among of many techniques and materials that can be used to encapsulate probiotic 84 

cells, extrusion technique and sodium alginate as wall material are largely used due to their 85 

low cost and easy handling, which causes less damage to probiotic cells and gives high 86 

probiotic viability (Krasaekoopt, Bhandari, & Deeth, 2003). Sodium alginate forms a highly 87 

versatile, biocompatible and non-toxic matrix offering protection to probiotic microorganisms 88 

and cells sensitive to heat, pH, and dissolved oxygen (Pasin, Azón, & Garriga, 2012). 89 

However, in general, alginate beads are porous which a drawback is when aiming to protect 90 

cells from stressful environments (Gouin, 2004). Due to that limitation, coating beads with 91 

biopolymers and the use of other substances along with sodium alginate such as milk proteins 92 

and prebiotics has been encouraged aiming to improve probiotic viability (Krasaekoopt et al., 93 

2003; Burgain et al., 2011; Fu & Chen, 2011; Nazzaro, Orlando, Fratianni, & Coppola, 2012). 94 

In this regard, milk powder supports a strong gel formation due to carbohydrate and protein 95 
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contents (Ghandi, Powell, Chen, & Adhikari, 2012; Schutyser, Perdana, & Boom, 2012). 96 

Prebiotics like inulin have been added along with probiotics because its properties as not 97 

hydrolyzed by digestive enzymes and it is fermented in colon by the microbiota (Nazzaro et 98 

al., 2012). On the other hand, trehalose is also reported as a thermo protectant especially 99 

during spray drying of probiotics (Santivarangkna, Higl, & Foerst, 2008). 100 

There are some studies in literature addressing the viability of encapsulated 101 

probiotics against harsh environments such as TGI characteristics and high temperatures. 102 

However, studies evaluating the ability of encapsulated probiotics to survive against different 103 

concentrations of sodium chloride and sodium nitrite are still scarce. For example, Studies 104 

already shown the probiotic viability of alginate-encapsulated bacteria, such as L. rhamnosus, 105 

L. salivarius, L. acidophilus, L. paracasei, L. casei, B. longum and B. lactis was improved 106 

when compared to free cells when exposed to temperatures ranging from 40 to 65 ºC 107 

(Mandal, Puniya, & Singh, 2006; Ding & Shah, 2007). Recently, the efficacy of using 108 

alginate associated with chitosan, xanthan gum or sugarcane bagasse was shown to protect L. 109 

plantarum and L. rhamnosus to different heat treatments (Abbaszadeh, Gandomi, Misaghi, 110 

Bokaei, & Noori, 2014; Shahrulzaman & Muhamad, 2015). However, encapsulation 111 

techniques are generally not efficient to protect probiotic strains that are extremely sensitive 112 

to heat treatments. In this case, an interesting alternative is the use of thermoresistant 113 

probiotic strains in association with encapsulation. Studies already isolated probiotic strains 114 

from cooked meat sausages, which were able to survive to heat treatments between 65 and 70 115 

ºC for 30-60 minutes (Ramirez-Chavarin, Wacher-Rodarte, & Pérez-Chabela, 2010). Possible 116 

probiotic strains such as Aerococcus viridans, Enterococcus faecium, L. plantarum, 117 

Pediococcus acidilactici and Pediococcus pentosaceus have been isolated from cooked meat 118 

sausages and intentionally added as bioprotective cultures into cooked meat products (Pérez-119 
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Chabela, Totosaus, & Guerrero, 2008; Pérez-Chabela, Lara-Labastida, Rodriguez-Huezo, & 120 

Totosaus, 2013; Ramírez-Chavarin, Wacher, Eslava-Campos, & Pérez-Chabela, 2013). 121 

The present study aim to verify the resistance of L. plantarum and E. faecium as free 122 

cells or encapsulated in alginate with inulin, powder milk and trehalose to stress treatments, 123 

such as high processing temperatures, high sodium chloride and sodium nitrite levels. In 124 

addition, we analyzed the viability of alginate beads containing probiotic microorganisms 125 

when subjected to storage period under refrigeration at 4 ºC. 126 

 127 

2. Materials and methods 128 

2.1. Materials 129 

Probiotic strains L. plantarum ATCC 8041 and E. faecium ATCC 700221 were 130 

provided from Instituto Nacional de Controle de Qualidade em Saúde (INCQS) of Fundação 131 

Oswaldo Cruz (FIOCRUZ, Brazil). Sodium alginate, calcium chloride, sodium phosphate, 132 

NaCl and NaNO2 were provided from Sigma-Aldrich Ltd. (Steinheim, Germany). Inulin was 133 

purchased from Sensus (FrutaFit CLR, Roosendal, The Netherlands). Trehalose was provided 134 

from Hayashibara (Okayama, Japan). Powder milk was provided from Nestlè (Araçatuba, 135 

Brazil). Brain Heart Infusion (BHI) broth, de Man, Rosa and Sharpe (MRS) broth and MRS 136 

agar were obtained from Himedia (Mumbai, India). Anaerobiosis kit was provided from 137 

Probac (Anaerobac, São Paulo, Brazil). All the glasses were sterilized before used. 138 

 139 

2.2. Preparation of probiotic inoculum 140 

Probiotic strains were rehydrated using 1% (w/v) of inoculum in MRS broth for L. 141 

plantarum and in BHI broth for E. faecium, and incubated to 37 ºC for 24 hours. Cells were 142 
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harvested by centrifugation at 4000g for 20 min at 4 ºC (Hitachi CR22GIII, Tokyo, Japan) 143 

and, subsequently, washed twice before resuspending them in a NaCl solution (0.9 w/v). The 144 

cell suspension obtained had approximately 1010-1011 CFU/ml of each probiotic 145 

microorganisms, which was determined by plating in MRS agar. In addition, cell suspension 146 

was divided into two parts: one part was used for encapsulation and the other was used as free 147 

cells for control. 148 

 149 

2.3. Encapsulation procedure 150 

The extrusion technique of encapsulation followed Krasaekoopt, Bhandari, & Deeth 151 

(2004). The slurry was prepared by mixing 1 g of sodium alginate, 1 g of inulin, 1 g of 152 

powder milk, 5 g of trehalose and 10 mL of each probiotic in 82 ml of distilled water. The 153 

mixture was dropped into 0.1 mol/L calcium chloride from a 10 cm distance using a nozzle 154 

attached to a peristaltic pump. The beads were left for 30 min, washed with sterile distilled 155 

water and stored at 4 ºC for the following tests. The treatments were identified as follows: 156 

FLP for L. plantarum as free cells; ALP for L. plantarum in alginate beads; FEF for E. 157 

faecium as free cells; and, AEF for E. faecium in alginate beads. 158 

 159 

2.4. Solubilization of beads and probiotic enumeration 160 

Solubilization of beads was done by adding 1 g in 9 mL of phosphate buffer (0.1 161 

mol/L, pH 7.5) as suggested by Sheu and Marshall (1993). Then, the mixture was place in a 162 

shaker (model TE-421, Tecnal, Piracicaba, Brazil) under agitation (100 rpm) at room 163 

temperature for 20 min. The mixture was vortexed (model K40-1010, Kasvi, Curitiba, Brazil) 164 

at high speed for breaking the polymer formed and releasing completely the encapsulated 165 
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culture into phosphate buffer. Free or released cells from beads were plated on MRS agar 166 

using ten-fold dilutions and incubation at 37 ºC for 48 h in anaerobic conditions. 167 

 168 

2.5. Bead size and encapsulation yield 169 

Size of obtained beads is in the millimeters. For this reason, particle size of beads was 170 

assessed using a caliper. Data was collected from 500 beads of alginate beads of each 171 

probiotic microorganism. The encapsulation yield (EY) was calculated as: EY (%) = 172 

(Nbeads/Nsuspension) x 100, where Nbeads were total viable counts recovered from beads and 173 

Nsuspension were total viable counts recovered in cell suspension (free cells) (Doherty et al., 174 

2010). 175 

 176 

2.6. Viability of free and encapsulated probiotic to heat stress 177 

One gram of the beads containing L. plantarum or E. faecium or 1 mL of the culture 178 

was transferred to 9 mL of sterile distilled water in glass tubes. The contents were subjected to 179 

two different temperatures (70 and 80 ºC) for four different times (5, 10, 20 and 30 min) and 180 

immediately cooled by immersing in chilled water. The beads were then subjected to 181 

solubilization, serially diluted, and pour plated onto MRS agar. Cells were counted after 48 h 182 

of anaerobic incubation at 37 ºC. Duplicate tests were done at each temperature and time. 183 

 184 

2.7. Viability of free and encapsulated probiotic to NaCl and NaNO2 185 

One gram of beads was added to 9 mL saline solution containing varying 186 

concentrations of NaCl (0.5, 1.0, 2.5 and 5.0%) and NaNO2 (0.5 and 1.0%) for 1 h. The beads 187 
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were washed, subjected to solubilization, serially diluted, and pour plated onto MRS agar. For 188 

the free cells, serially dilutions were pour plated onto MRS agar supplemented with the same 189 

concentrations of NaCl or NaNO2 according proposed by Gardiner et al. (2000). Cells were 190 

counted after 48 h of anaerobic incubation at 37 ºC. Duplicate tests were done at each NaCl 191 

and NaNO2 concentrations. 192 

 193 

2.8.Viability of encapsulated probiotic under refrigerated storage 194 

The beads were stored in sterile falcon tubes at 4º C. The analysis was assessed at 0, 195 

10, 20, 30, 40, 50, 60 and 70 days when the beads were subjected to solubilization and serially 196 

diluted onto MRS agar. Cells were counted after 48 h of anaerobic incubation at 37 ºC. 197 

Duplicate tests were done at each storage period. 198 

 199 

2.9. Statistical analysis 200 

All experiments were repeated twice. The data analysis was carried out using SPSS 201 

17.0 software (SPSS Inc., USA). Analysis of variance (ANOVA) and Tukey’s test were used 202 

to determine significant differences (P < 0.05). 203 

 204 

3. Results and discussion 205 

3.1. Preparation of beads containing probiotic microorganisms, bead size and 206 

encapsulation yield 207 

Alginate beads in association with inulin, milk powder and trehalose containing L. 208 

plantarum and E. faecium were prepared by extrusion technique in this study. Obtained beads 209 
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were whitish, quite spherical and with smooth surface (Figure 1). Size of beads was 3.79 and 210 

3.44 mm (Table 1) for alginate beads containing L. plantarum and E. faecium, respectively. 211 

Previous studies using extrusion technique related bead sizes ranging from 1.3 to 2.5 mm 212 

(Krasaekoopt et al., 2004; Krasaekoopt, Bhandari, & Deeth, 2006; Abbaszadeh et al., 2014), 213 

depending on the distance between the nozzle and CaCl2 solution and on the nozzle diameter. 214 

It was found the protective effect against extreme environmental factors is enhanced with 215 

increasing bead diameter (Truelstrup-Hansen, Allan-Wojtas, Jin, & Paulson, 2002), but, 216 

oversized beads may cause inappropriate mouthfeel (Dimantov, Greenberg, Kesselman, & 217 

Shimoni, 2004). In addition, larger bead sizes could be a drawback for application on food 218 

due to possible changes in texture and visual appearance of beads inducing rejection by 219 

consumers. However, Muthukumurasamy & Holley (2006) stated alginate beads (2-3 mm) 220 

containing L. reuteri encapsulated by extrusion technique does not affect the sensory aspects 221 

of dry fermented sausages, since the alginate beads resembled, in terms of both size and color, 222 

discrete fat particles. 223 

Cell viability after the encapsulation process was analyzed and calculated as EY. 224 

According to Corbo et al. (2016), the evaluation of EY is a complex process and relies upon 225 

many different parameters, such as the ability of beads to entrap cells, cell viability 226 

throughout bead storage and cell release after immobilization. Obtaining high levels of EY it 227 

is important in order to maintain high probiotic viability that allow the use of capsules in food 228 

matrices. In our study, EY values were from 80.29 to 93.99% (Table 1) to alginate beads 229 

containing E. facium and L. plantarum, respectively. The high EY values found demonstrate 230 

the natural resistance of probiotic microorganisms used and the conditions of encapsulation, 231 

which was done at room temperature and without any chemical solvent. In addition, L. 232 

plantarum (ALP) seems to be more resistant for encapsulation procedure than E. faecium. 233 

Corbo, Bevilacqua, & Sinigaglia (2011) and Corbo, Bevilacqua, Gallo, Speranza & Sinigaglia 234 
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(2013) related similar results of EY for L. rhamnosus (83.33%) and L. plantarum (93%) using 235 

ionotropic gelation and alginate. Nevertheless, Chávarri et al. (2010) found lower EY, varying 236 

from 19.5 to 40.2% for encapsulation of L. gasseri and B. bifidum using ionotropic gelation 237 

and alginate and chitosan coating. Lower EY is generally related to the sensitivity of 238 

microorganisms to encapsulation procedures. 239 

Generally, high EY (close to 100%) when using extrusion technique is related 240 

(Krasaekoopt et al., 2004; Krasaekoopt et al., 2006; Urbanska, Bhathena, & Prakash, 2007). 241 

However, EY reports in literature vary due to the wide range of microorganisms, the 242 

encapsulation technique, and the different wall materials used. 243 

 244 

3.2.Viability of free and encapsulated probiotic to heat stress 245 

Studies have been shown encapsulation techniques are able to improve survival of 246 

probiotics during heat treatments as compared to free cells (Mandal et al., 2006; Ding & 247 

Shah, 2007; Abbaszadeh et al., 2014; Shaharuddin & Muhamad, 2015). It is well known loss 248 

of viable probiotic cells occurs during the heat treatment. Low survival rate of probiotics upon 249 

heat treatment has been a challenge for incorporating viable probiotic organisms in thermally 250 

processed food products. The counts of free and encapsulated L. plantarum and E. faecium 251 

after heat treatments are shown on Table 2. An intense decrease (P < 0.05) on viability of 252 

probiotics was observed after heat treatments. The results showed that free L. plantarum were 253 

more sensitive to shorter heat treatments than free E. faecium. In counterpart, FLP was more 254 

thermostable than FEF for larger heat exposures at 70 ºC. FLP and ALP showed levels of 255 

probiotic higher than 6 log CFU/g even with 30 min of heat exposure at 70 ºC, meanwhile 256 

FEF and AEF showed same levels just after 10 and 20 min of heat exposure, respectively. 257 

However, at 80 ºC both FLP and FEF showed an intense viability decrease at 5 min, but ALP 258 
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and AEF maintained counts higher than 6 log CFU/g for 10 and 5 min, respectively. The 259 

lower viability of encapsulated probiotics at 80 ºC also can be related to that at this 260 

temperature capsule can collapse releasing the cells with their consequent death (Xing et al., 261 

2014). Other studies already suggested encapsulation using alginate might enhance the 262 

thermal resistance of probiotics (Mandal et al., 2006; Ding & Shah, 2007; Abbaszadeh et al., 263 

2014).  264 

During heat treatments the death of cells is attributed to the destroyed higher-order 265 

structures of protein and nucleic acids in cells and the collapsed linkage between monomeric 266 

units (Fritzen-Freire, Prudêncio, Pinto, Muñoz, & Amboni, 2013). In this way, encapsulation 267 

can provide a physical barrier against harsh environments (Kailasapathy, 2002) which may be 268 

the case of the present study (Table 2). Even more, higher concentration of biopolymers 269 

(alginate) can improve the viability of probiotics during heat treatments due to lower water 270 

diffusion rate, reducing the permeability of heat (Mandal et al., 2006; Shaharuddin & 271 

Mohammad, 2015). Mandal et al. (2006) stated that slow diffusion of hot water led to higher 272 

survival of probiotics after heat exposure.  273 

Therefore, our results showed that even using 1% of alginate, the protection of 274 

probiotics viability after heat treatments is achieved with association of inulin, milk powder 275 

and trehalose. Also mentioned before, milk powder and trehalose are good thermo protectants 276 

(Santivarangkna et al., 2008; Ghandi et al., 2012; Schutyser et al., 2012). The better 277 

protection of alginate beads is related to the heat intensity transferred to beads compared to 278 

free cells. Heat was disseminated to all area of bead and reduced the heat transfer to 279 

encapsulated probiotic. The same trend was observed to Shaharuddin & Muhamad (2015) 280 

when improved thermotolerance of L. rhamnosus immobilized in alginate and sugarcane 281 

bagasse. Even more, flat surface of beads enhances the heat transfer on surface and reduce the 282 

heat intensity exposed to the probiotics. In this regard, larger beads could improve probiotic 283 



             56 
 

viability once the time required for heat transfer would be longer. Capsules made of sodium 284 

alginate or with sodium alginate associated with other materials produce larger diameter size 285 

which difficult the fast radial mass transfer. In addition, protection against heat can be 286 

provided using as low 1% of sodium alginate (Shaharuddin & Muhamad, 2015) and the 287 

inclusion of sugarcane bagasse, endorsing the results found in this study with sodium alginate 288 

associated to inulin, milk powder and trehalose as wall materials. 289 

However, just the use of encapsulation techniques does not appear to be effective in 290 

protecting probiotics that are extremely heat sensitive. Thus, use of strains that already are 291 

thermoresistant is necessary and so, encapsulation technique serving as a supplement in the 292 

resistance to heat exposure. Pérez-Chabela et al. (2008) and Ramírez-Chavarin et al. (2010) 293 

already isolated thermotolerant L. plantarum and E. faecium from cooked meat sausages. In 294 

this perspective, isolation of probiotic from thermally processed foods with subsequently 295 

encapsulation could be an alternative for application in other kind of heat-treated foods. 296 

 297 

3.3.Viability of free and encapsulated probiotic to sodium chloride and sodium nitrite 298 

A wide range of foods, especially meat products, contains salt as a taste enhancer. In 299 

this context, NaCl content on foods can affect the probiotic viability. The effect of NaCl 300 

concentrations on the survival of L. plantarum and E. faecium encapsulated in alginate beads 301 

with inulin, milk powder and trehalose is shown on Table 3. Low concentrations of NaCl 302 

(0.5%) are already able to reduce (P < 0.05) the viability of both L. plantarum and E. faecium 303 

as free cells. However, increasing concentrations up to 2.5%, no differences were found, but 304 

higher levels of 5% of NaCl significantly reduced probiotic viability as free cells. 305 

Furthermore, free cells of E. faecium was presented as more sensitively (P < 0.05) towards 306 

concentrations of 5% of NaCl (Table 3). Nevertheless, NaCl content did not affected probiotic 307 

viability of encapsulated L. plantarum (ALP). It is well known the osmotic resistance of L. 308 
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plantarum and, due to this attribute, its ability to ferment food with high salt concentrations 309 

(0.5-10 %) (Ferrando, Quiberoni, Reinhemer, & Suárez, 2015). In relation to encapsulated E. 310 

faecium (AEF), concentrations higher than 2.5% of NaCl are able to reduce viability of this 311 

probiotic. Our results are in agreement to those found by Sabikhi, Babu, Thompkinson, & 312 

Kapila (2010) who found higher decrease in viability of free cells than encapsulated L. 313 

acidophilus LA1 during exposure to increasing NaCl concentrations (from 1.0 to 2.0%). 314 

Sodium nitrite (NaNO2) is commonly used in meat products due to their efficacy 315 

against Clostridium botulinum and their action on traditionally cured-meat color of products. 316 

Therefore, the addition of NaNO2 should not produce large losses on probiotic viability, but 317 

studies aiming to verify probiotic viability under different NaNO2 concentrations are scarce. 318 

The effect of NaNO2 on the viability of L. plantarum and E. faecium encapsulated in alginate 319 

beads with inulin, milk powder and trehalose is shown on Table 4. It was possible to note that 320 

increasing NaNO2 concentrations significantly affected probiotic viability of both L. 321 

plantarum and E. faecium as free cells and encapsulated. In ALP and AEF treatments, the 322 

higher the concentration of NaNO2, the lower the probiotic viability (P<0.05) was observed. 323 

However, in FLP and FEF treatments, no significant differences on probiotic viability 324 

between addition of 0.5 or 1.0% of NaNO2 were found. Studies related that some probiotic 325 

strains, including Lactobacillus, isolated from fermented food and human intestine are able to 326 

deplete NaNO2 in vitro (Ren et al., 2014) and in fermented sausages (Wang, Ren, Wang, & 327 

Xie, 2015).  328 

 329 

3.4. Viability of encapsulated probiotic under refrigerated storage 330 

One of the most considerable prerequisite for the use of probiotics is that they should 331 

survive during production process and storage of food products. In this point of view, is 332 

important to assess the viability of encapsulated probiotic under refrigerated storage and the 333 
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values are shown on Table 5. Probiotic viability of alginate beads obtained was at day 0 (P < 334 

0.05) of storage for both probiotic microorganisms with counts of ~ 9 log CFU/g of beads. As 335 

expected, a reduction of viability was observed throughout the storage. AEF treatment had 336 

higher losses than ALP during first 10 days of refrigerated storage (Table 5). However, ALP 337 

treatment seems to be more sensitive to longer periods of storage showing higher viability 338 

loss during storage period. At the end of 70 days of storage, alginate beads lost 1.74 log 339 

CFU/g and 1.22 log CFU/g for ALP and AEF, respectively. Nevertheless, at the end of 70 340 

days of storage, values remained higher than 7 log CFU/g for both L. plantarum and E. 341 

faecium strains. This way, it is possible to state alginate beads kept their potential probiotic up 342 

to the end of storage period, once the minimum probiotic concentration in food should be 343 

between 106 and 107 CFU/g or CFU/ml (Nulkaekul et al., 2012). 344 

Several studies already showed the survival of encapsulated bacteria during the storage 345 

period was improved in alginate beads/microcapsules as compared to free bacteria 346 

(Truelstrup-Hansen et al., 2002; Anekella & Orsat, 2013; Silva et al., 2015; Etchepare et al., 347 

2016). In addition, special treatments such as coating beads (Krasaekoopt et al., 2003) and the 348 

use of prebiotics in association of alginate improve probiotic viability throughout storage 349 

period (Krasaekoopt et al., 2003; Burgain et al., 2011; Fu & Chen, 2011; Nazzaro et al., 350 

2012; Okuro, Thomazini, Balieiro, Liberal, & Fávaro-Trindade, 2013; Avila-Reyes, Garcia-351 

Suarez, Jiménez, Martín-Gonzalez, & Bello-Perez, 2014). According to Trabelsi et al. (2013), 352 

the viability of L. plantarum TN8 cells encapsulated on alginate and coated with chitosan 353 

showed lower decrease rates during storage at 4 ºC when compared to alginate beads and free 354 

cells. Higher storage stability of alginate beads coated with chitosan is due to thicker 355 

membranes formed than when only alginate is used (Ribeiro, Neufeld, Arnaud, & Chaumeil, 356 

1999). However, the temperature of storage seems to affect probiotic viability. According to 357 

Etchepare et al. (2016), L. acidophilus LA-14 encapsulated with sodium alginate, and sodium 358 
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alginate associated with Hi-maize (prebiotic) and chitosan is able to survive at levels higher 359 

than 6 log CFU/g up to 135 days of storage at 25 ºC. However, when stored at freezing (-18 360 

ºC) and chilling (7 ºC) temperatures, encapsulated L. acidophilus LA-14 were not able to 361 

survive at high levels for the same period of time. In another study, Brinques & Ayub (2011) 362 

related little loss of L. plantarum BL011 when encapsulated in sodium alginate and coated 363 

with a solution of chitosan after 38 days of refrigerated storage. Recently, Sathyabama, 364 

Kumar, Devi, Vijayabharathi, & Priyadharisini (2014) stated the use of sugarbeet and chicory 365 

as prebiotic sources could improve the viability of alginate beads containing E. faecium or 366 

Staphylococcus succinus during 35 days of storage at 4 ºC.  367 

Several factors such as temperature (Strasser, Neureiter, Geppl, Braun, & Danner, 368 

2009) and aw (Ying et al., 2010) are related to bacterial death during storage period. It has 369 

been shown elevated temperatures, even in the range of 4 to 37 ºC correlate with a higher 370 

decline in cell viability as dried free cells (Strasser et al., 2009), probably due to a higher rate 371 

of lipid and protein oxidation and denaturation (Fu & Chen, 2011). Regarding the effect of aw 372 

values greater than 0.25 can stimulate bacterial metabolism, which is associated with a high 373 

molecular mobility in the matrix (Fu & Chen, 2011). Furthermore, in encapsulated probiotic 374 

the same factors are also responsible for reduction in probiotic viability (Ying et al., 2010; 375 

Albadran, Chatzifragkou, Khutoryanskiy, & Charalampopoulos, 2015). However, according 376 

to Albadran et al. (2015), it is hard to compare studies involving storage of encapsulated 377 

probiotic due to differences on the exact storage conditions, encapsulation and coating 378 

materials and microorganisms used.  379 

 380 

 381 

 382 
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4. Conclusions 383 

The encapsulation into alginate beads containing inulin, milk poweder and trehalose 384 

was effective to protect the survival of L. plantarum and E. faecium higher than 6 log CFU/g 385 

at 70 ºC for 30 and 20 minutes, respectively. However, at 80 ºC the encapsulation was 386 

effective to protect probiotics for only 10 and 5 minutes, respectively. In addition, the 387 

encapsulation in this context was great to protect probiotics against sodium chloride, sodium 388 

nitrite and 70 days of storage period at 4 ºC. Then, encapsulation is an effective form to 389 

protective probiotics from stress environments allowing their application in food matrix. 390 
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Table 1 – Bead size and encapsulation yield of alginate beads containing L. plantarum and E. 612 

faecium. 613 

 ALP AEF 

Size (mm) 3.79 ± 0.50a 3.44 ± 0.84a 

Encapsulation yield (%) 93.99 ± 1.22a 80.29 ± 3.04b 

Means ± standard deviation. 614 
a Different letters in the same row indicate significant differences (P < 0.05). 615 
ALP – L. plantarum in alginate beads; AEF – E. faecium in alginate beads.  616 
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Table 2 – Viability of free and encapsulated L. plantarum and E. faecium in alginate beads to 643 

heat treatments (in log CFU/ml or g). 644 

Temperature 

(ºC) 

Time 

(min) 

FLP ALP FEF AEF 

Before heating 10.23 ± 0.04Ab 9.61 ± 0.04Abc 11.45 ± 0.44Aa 9.18 ± 0.00Ac 

70 5 6.30 ± 0.03Cc 8.40 ± 0.35Bab 9.42 ± 0.36Ba 8.15 ± 0.00Bb 

 10 6.20 ± 0.08Cb 8.37 ± 0.10Ba 8.71 ± 0.36Ba 8.37 ± 0.01Ba 

 20 6.72 ± 0.02Ba 6.85 ± 0.05Ca 4.60 ± 0.18Db 6.50 ± 0.39Ca 

 30 6.04 ± 0.02Ca 6.95 ± 0.60Ca 3.68 ± 0.14Db 4.34 ± 0.26Db 

80 5 5.66 ± 0.10Db 8.23 ± 0.08Ba 5.98 ± 0.24Cb 8.00 ± 0.19Ba 

 10 2.43 ± 0.23Ec 7.40 ± 0.19BCa 4.28 ± 0.16Db 4.17 ± 0.07Db 

 20 2.58 ± 0.05Eb 2.05 ± 0.14Db 4.60 ± 0.34Da 2.65 ± 0.08Eb 

 30 < 1Fb 1.85 ± 0.11Da < 1Eb < 1Fb 

Means ± standard deviation. 645 
FLP – L. plantarum as free cells; ALP – Alginate beads containing L. plantarum; FEF – E. 646 

faecium as free cells; AEF – Alginate beads containing E. faecium. 647 
A Different upper letters in the same column indicate significant differences (P < 0.05). 648 
a Different lower letters in the same row indicate significant differences (P < 0.05). 649 
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Table 3 – Viability of free and encapsulated L. plantarum and E. faecium in alginate beads to 668 

sodium chloride (in log CFU/ml or g). 669 

 Sodium chloride (%) 

 0 0.5 1.0 2.5 5.0 

FLP 10.23 ± 0.04Ba 9.62 ± 0.16Ab 9.67 ± 0.29Ab 9.77 ± 0.09Ab 8.26 ± 0.02Ac 

ALP 9.61 ± 0.09BCa 9.54 ± 0.48Aa 9.41 ± 0.02ABa 9.26 ± 0.13ABa 9.20 ± 0.17Aa 

FEF 11.45 ± 0.44Aa 9.28 ± 0.14Ab 9.33 ± 0.09ABb 9.24 ± 0.14Bb 5.58 ± 0.45Bc 

AEF 9.18 ± 0.00Ca 9.02 ± 0.04Aab 8.86 ± 0.19Bab 8.70 ± 0.09Cb 8.76 ± 0.02Ab 

Means ± standard deviation. 670 
FLP – L. plantarum as free cells; ALP – Alginate beads containing L. plantarum; FEF – E. 671 
faecium as free cells; AEF – Alginate beads containing E. faecium. 672 
A Different upper letters in the same column indicate significant differences (P < 0.05). 673 
a Different lower letters in the same row indicate significant differences (P < 0.05). 674 
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Table 4 – Viability of free and encapsulated L. plantarum and E. faecium in alginate beads to 698 

sodium nitrite (in log CFU/ml or g). 699 

 Sodium nitrite (%) 

 0 0.5 1.0 

FLP 10.23 ± 0.04Ba 9.61 ± 0.05Ab 9.69 ± 0.07Ab 

ALP 9.61 ± 0.04BCa 9.08 ± 0.08ABb 8.69 ± 0.08Bc 

FEF 11.45 ± 0.44Aa 8.54 ± 0.33Bb 7.91 ± 0.12Cb 

AEF 9.18 ± 0.00Ba 8.71 ± 0.03Bb 8.36 ± 0.13BCc 

Means ± standard deviation. 700 
FLP – L. plantarum as free cells; ALP – Alginate beads containing L. plantarum; FEF – E. 701 
faecium as free cells; AEF – Alginate beads containing E. faecium. 702 
A Different upper letters in the same column indicate significant differences (P < 0.05). 703 
a Different lower letters in the same row indicate significant differences (P < 0.05). 704 
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Table 5 – Viability of L. plantarum or E. faecium encapsulated in alginate beads during 727 

refrigerated storage (in log CFU/g). 728 

Day of storage ALP AEF 

0 9.62 ± 0.09A 9.19 ± 0.01A 

10 9.23 ± 0.16B 8.63 ± 0.16B 

20 8.87 ± 0.02BC 8.51 ± 0.08B 

30 8.39 ± 0.16CD 8.35 ± 0.09B 

40 7.83 ± 0.16E 7.57 ± 0.02D 

50 7.93 ± 0.03DE 7.38 ± 0.00D 

60 7.70 ± 0.08E 7.43 ± 0.15D 

70 7.88 ± 0.03E 7.97 ± 0.02C 

Means ± standard deviation. 729 
ALP – Alginate beads containing L. plantarum; AEF – Alginate beads containing E. faecium. 730 
A Different upper letters in the same column indicate significant differences (P < 0.05). 731 
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 752 

Figure 1 – Alginate beads with inulin, powder milk and trehalose containing L. plantarum (A) 753 

and E. faecium (B). 754 

 755 

 756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 

 773 



             72 
 

2.2.2 Manuscrito 4 

 

Processing of dry fermented sausage with free and encapsulated Lactobacillus plantarum  

 

Carlos Pasqualin Cavalheiro, Claudia Ruiz-Capillas, Ana M. Herrero, Tatiana Pintado, 

Francisco Jiménez-Colmenero, Cristiano Ragagnin de Menezes, Leadir Lucy Martins 

Fries 

 

 

Artigo em fase final de revisão. 

 

 

 

 

 

 

 

 

 

 



             73 
 

Processing of dry fermented sausage with free and encapsulated Lactobacillus 1 

plantarum. 2 

 3 

Carlos Pasqualin Cavalheiro1,2,3*, Claudia Ruiz-Capillas1*, Ana Maria Herrero1, Francisco 4 

Jiménez-Colmenero1, Tatiana Pintado1, Cristiano Ragagnin de Menezes2, Leadir Lucy 5 

Martins Fries2 6 

 7 

1 Department of Products, Instituto de Ciencia y Tecnología de Alimentos y Nutrición 8 

(ICTAN), Consejo Superior de Investigaciones Científicas (CSIC), 28040, Madrid, Spain. 9 

2 Programa de Pós-Graduação em Ciência e Tecnologia dos Alimentos (PPGCTA), 10 

Universidade Federal de Santa Maria (UFSM), 97015-900, Santa Maria, Brazil. 11 

3 Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), Ministry of 12 

Education of Brazil, 70040-020, Brasília, Brazil. 13 

 14 

* Corresponding authors: Dr. Claudia Ruiz-Capillas, Carlos Pasqualin Cavalheiro, Telephone 15 

+ 34 91 549 2300. E-mail addresses: claudia@ictan.csic.es, carlos.cavalheiro@mail.ufsm.br.  16 

 17 

 18 

 19 

 20 

 21 

mailto:claudia@ictan.csic.es
mailto:carlos.cavalheiro@mail.ufsm.br


             74 
 

Abstract 22 

 The aim of this work was to add L. plantarum as free cells or encapsulated in alginate 23 

beads, emulsion (W/O) and double emulsion (W/O/W) in a traditional Spanish dry fermented 24 

sausage (chorizo). Five treatments were produced: a control treatment (Cc) (with no L. 25 

plantarum addition), a treatment with L. plantarum added as free cells (Cfc), a treatment with 26 

L. plantarum encapsulated in alginate beads (Calg), a treatment with L. plantarum 27 

encapsulated in a water-in-oil emulsion (Cwo), and a treatment with L. plantarum 28 

encapsulated in a water-in-oil-in-water emulsion (Cwow). Proximate composition was 29 

evaluated at the end of processing of dry fermented sausages and weight loss, pH, aw, color 30 

and microbiological parameters were evaluated during processing. The addition of L. 31 

plantarum as free cells or encapsulated affected the composition and physico-chemical 32 

characteristics of products. However, all treatments had traditional red color of dry fermented 33 

products. In relation to microbiological properties, the adition of L. plantarum as free cells or 34 

encapsulated in alginate beads had higher levels of probiotics at the end of processing. In this 35 

context, encapsulated L. plantarum is viable for use in dry fermented sausages. However, the 36 

adition of probiotic in alginate beads seems to be more effective due to the higher probiotic 37 

counts found at the end of processing. 38 

Key words: encapsulation, chorizo, probiotic, extrusion, double emulsion. 39 

 40 

 41 

 42 

 43 

 44 
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1. Introduction 45 

Dry fermented sausages are ready-to-eat products where product is essentially gained 46 

by decrease in pH (between 4.5 and 5.0) and water activity (aw) under the growth of most 47 

pathogens (Barbuti & Parolari, 2002). This kind of meat product is of great importance to the 48 

meat industry once are largely consumed worldwide. In Spain, the most popular fermented 49 

sausage is Chorizo, a dry fermented sausage that is resulted of fermentation (first 48h of 50 

processing) and ripening steps where microbiological and chemical modifications such as 51 

color development, lipolysis and proteolysis occur. Traditionally, dry fermented sausages are 52 

produced either by their natural flora or by adding a starter culture mainly composed by lactic 53 

acid bacteria (LAB) and staphylococci or micrococci (Hammes & Knauf, 1994). It is well 54 

known LAB has positive effect inhibiting the growth of pathogenic micro flora, and on the 55 

development of color and flavor (Cenci-Goga, Rossitto, Sechi, Parmegiani, Cambiotti, & 56 

Cullor, 2008). Generally, counts greater than 107 CFU/g of LAB are found in this type of 57 

meat product at the end of process (Benito et al., 2007; Macedo et al., 2008; Zhao et al., 58 

2011; Dalla Santa et al., 2014; Rubio, Jofré, Aymerich, Guàrdia, & Garriga, 2014a). 59 

Lactobacilli species are of utmost importance and are often used as starter culture 60 

(Ammor & Mayo, 2007). Amongst the lactobacilli genus, L. plantarum is one of the most 61 

widespread and is being widely used in food-related technologies (Sauvageau et al., 2012). In 62 

addition, L. plantarum can act as a probiotic, which concept is well defined by FAO/WHO 63 

(2002) as “live microorganisms which, when administered in adequate amounts, confer health 64 

benefits to the consumer”. In foods is better to have a high level of probiotics, however, there 65 

is a consensus that the minimum concentration of probiotics in food should be between 106 66 

and 107 CFU/g at the moment of consumption (Nulkaekul, Lenton, Cook, Khutoryanskiy, & 67 

Charalampopoulos, 2012). 68 
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Probiotics are being applied in various types of foods, especially dairy. However, 69 

some studies have been done using probiotic bacteria in fermented sausages aiming to 70 

improve their nutritional value (DeVuyst, Falony, & Leroy, 2008; Macedo et al., 2008; Sayas-71 

Barberá, Viuda-Martos, Fernández-López, Pérez-Alvarez, & Sendra, 2012; Wójciak, 72 

Dolatowski, Kolozyn-Krajewska, & Trzaskowska, 2012; Holko, Hrabe, Salaková, & Rada, 73 

2013; Rubio et al., 2013: Rubio et al., 2014a; Rubio, Martín, Aymerich, & Garriga, 2014b; 74 

Rubio, Jofré, Martín, Aymerich, & Garriga, 2014c; Bagdatli & Kundakci, 2015; Cavalheiro et 75 

al., 2015). According to Klingberg & Budde (2006), dry fermented sausages are favorable to 76 

carry probiotics on, once sausage matrix seems to protect them in their journey through the 77 

gastrointestinal tract (GIT). On the other hand, the loss of probiotic viability in dry fermented 78 

sausages is unavoidable due to factors such as large amounts of salt and nitrites and low pH 79 

and aw during fermentation and ripening (DeVuyst et al., 2008; Khan et al., 2011). 80 

Against this background, encapsulation, entrapment, or immobilization of probiotic 81 

bacteria arises as a protection form of cells in the GIT and in food. This is a methodology 82 

whereby solids, liquids or gaseous materials are placed in an inert shell (capsule) and are 83 

released at a controlled rate under specific conditions (Champagne & Fustier, 2007). Amongst 84 

the encapsulation techniques, the most common are extrusion, emulsification and spray 85 

drying with capsules ranging from a few micrometers to a few millimeters (Champagne & 86 

Fustier, 2007). 87 

Extrusion technique is the oldest and most common encapsulation method due to ease, 88 

low cost and efficiency, mainly using sodium alginate as wall material (Krasaekoopt, 89 

Bhandari, & Deeth, 2003). Alginate recovers the probiotic cells and forms a semi-permeable 90 

spherical barrier, which nutrients and metabolites readily cross (Kailasapathy, 2002; Anal & 91 

Singh, 2007). Emulsification technique is also largely used for probiotic encapsulation and 92 

involves dispersion of the cells mixed in a polymer solution in oil. The mixture forms oil-in-93 
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water (W/O) emulsion. More recently, tests have been conducted on encapsulation in double 94 

or multiple emulsions which are multi-compartmentalized systems in which W/O and oil-in-95 

water (O/W) coexist and where dispersed phase globules themselves contain even smaller 96 

dispersed droplets (Garti, 1997; Jiménez-Colmenero, 2013). 97 

Probiotics encapsulated by either extrusion or emulsification techniques already have 98 

been applied in dry fermented sausages (Muthukumarasamy & Holley, 2006; 99 

Muthukumarasamy & Holley, 2007; Barbosa, Todorov, Jurkiewicz, & Franco, 2015). The use 100 

of encapsulated probiotic in water-in-oil-in-water (W/O/W) emulsion have been reported in 101 

Oaxaca cheese (Rodríguez-Huezo et al., 2014). In meat products, double emulsion (W/O/W) 102 

was already used to improve frankfurter lipid content (Freire, Cofrades, Solas, & Jiménez-103 

Colmenero, 2015).  104 

As far as the authors are aware, there are no references in the literature to similar 105 

research into delivery probiotic bacteria in fermented sausages as reported in this paper. Thus, 106 

the aim of the present work is to add free and encapsulated L. plantarum in dry fermented 107 

sausage (chorizo) and to analyze its physicochemical and microbiological properties during 108 

processing.  109 

 110 

2. Materials and methods 111 

2.1. Strain and culture conditions  112 

 Lactobacillus plantarum was provided by Christian Hansen (SM 199, Hørsholm, 113 

Denmark). Stock cultures were produced using MRS broth (Panreac Química S.A., 114 

Barcelona, Spain) enriched with 20% of glycerol (Panreac, Darmstadt, Germany). One mL 115 

fractions of this cell suspension were stored in eppendorfs at -80 ºC. 116 
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Before use, the cell suspension was thawed at room temperature for 15 min, and 117 

subcultured in MRS broth in a proportion 1/100 (v/v) at 37 ºC for 24 h. Microorganisms were 118 

then harvested by centrifugation at 6000 g for 20 min at 4 ºC and suspended in 5 mL of 0.9% 119 

NaCl solution. The cell suspensions were referred as free cells (fc) and were used either 120 

directly in chorizos or subjected to encapsulation in alginate beads, emulsion or double 121 

emulsion techniques.  122 

 123 

2.2. Encapsulation procedures 124 

 Extrusion technique was used for the production of alginate beads containing 125 

Lactobacillus plantarum according to Krasaekoopt, Bhandari, & Deeth (2004) with slight 126 

modifications. Briefly, the wall material were prepared containing: 1% sodium alginate 127 

(Texturalia, Barcelona, Spain), 1% of milk powder (La Lechera, Nestlè), 1% of dextrin 128 

(molecular weight average approximate between 10 and 20 glucose molecule per polymer) 129 

(Cargill S. L. U., Barcelona, Spain) and 5% of trehalose (Treha 16400, Cargill, Krefeld, 130 

Germany). Then, the solution was mixed with 16.66% (v/v) of a 109 CFU/ml of free 131 

Lactobacillus plantarum. The mixture was then dropped into a hardening solution of 0.1 132 

mol/L of calcium chloride (Sigma Aldrich, Darmstatd, Germany) through a 200 µm nozzle. 133 

Finally, alginate beads were allowed to stand for 30 min for complete hardening, recovered 134 

with a strainer and stored at 4 ºC until their use. 135 

 The emulsions were prepared according proposed by Cofrades, Antoniou, Solas, 136 

Herrero, & Jiménez-Colmenero (2013) with slightly modifications. For W/O emulsion, a one-137 

step emulsification process was used. Briefly, an oil phase was prepared by dispersing 6 g/100 138 

g of the lipophilic surfactant PGPR (polyglycerol ester of polyricinoleic acid – SUGIN 139 

476/M, Cargill, S.L.U., Barcelona, Spain) in extra virgin olive oil (Hojiblanca, Madrid, Spain) 140 

under agitation for 10 min in a TM-3 Thermomix food processor (Vorwerk, Germany) at 141 
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3250 rpm. The inner aqueous phase was free L. plantarum in a 0.6 g/100 g NaCl (Panreac 142 

Química S.A., Barcelona, Spain) which was drop-wise added to the oil phase in a blender 143 

(Thermomix, Vorwerk, Germany) at 3250 rpm for 5 min.  The resulting emulsion (W/O) was 144 

passed twice through a two-stage high pressure homogenizer (GEA Niro Soavi model Panda 145 

Plus 2000, Parma, Italy) at 4351/435 psi (first-stage pressure/second-stage phase). The 146 

emulsion (W/O) was then allowed to cool at refrigeration temperature. Second-step, W/O/W 147 

emulsion were prepared by gradually adding a W/O emulsion (40 g/100 g) to an outer 148 

aqueous phase (60 g/100 g) with 0.6 g/100 g NaCl and 0.5 g/100 g sodium caseinate (DMV 149 

Excellion EM 7, DMV Campina B.V., Veghel, The Netherlands) followed by mixing in a 150 

Thermomix blender for 5 min at 700 rpm at room temperature. Resulting W/O/W emulsions 151 

were passed twice through a two-stage high pressure homogenizer at 2175/435 psi.  152 

 153 

2.3. Dry fermented sausage elaboration 154 

 Fresh postrigor pork meat and pork backfat were obtained from a local market. Five 155 

different formulations of dry fermented sausage (chorizo) were produced, according 156 

formulation previously reported by Ruiz-Capillas, Triki, Herrero, Rodriguez-Sala, & Jiménez-157 

Colmenero (2012). A control treatment (Cc) without addition of Lactobacillus plantarum 158 

were prepared as follow: pork meat (75%), pork backfat (18%), choravi (5.3%), NaCl (1.5%) 159 

and curavi (0.3%). A treatment with addition of L. plantarum as free cells (0.63%) (Cfc), a 160 

treatment with L. plantarum added as alginate beads (3.75%) (Calg), a treatment with L. 161 

plantarum added in a W/O emulsion (2.30%) (Cwo) and, a treatment with L. plantarum added 162 

in a W/O/W emulsion (5.70%) (Cwow) were produced. Meat and pork backfat were 163 

separately minced at 4.5 mm (Vam.Dall. Srl. Modelo FTSIII, Treviglio, Italy) and then were 164 

homogenized (MAINCA, Granollers, Barcelona, Spain) for 2 min. At that time, half of 165 

additives (choravi, curavi, and NaCl) were added and the mixture was homogenized for 1 166 
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min. Then, the remaining additives and the solution containing free cells of L. plantarum, 167 

alginate beads, W/O or W/O/W emulsions were added and mixture was homogenized for 168 

more 2 min. In all cases, the final temperature of meat matrix was less than 11 ºC. Prepared 169 

sausage matrix was immediately stuffed into collagen casing (Fibran, S. A. Sant Joan de les 170 

Abadesses, Gerona, Spain) using a 4-cm diameter stuffer (MAINCA, Granollers, Barcelona, 171 

Spain). Sausages were placed in a ripening cabinet (BINDER model KBF 240 Tuttlingen, 172 

Germany) programmed to operate under following conditions: 23 ºC and 90% relative 173 

humidity (RH) for 48 h and 13 ºC and 75% RH, until the end of ripening (20 days). To 174 

monitor processing, samples from each formulation were taken periodically for analysis. 175 

 176 

2.4. Proximate composition 177 

Proximate composition was done after the end of dry fermented sausage processing 178 

(day 20). Moisture and ash were determined (AOAC, 2005) in triplicate in all treatments. 179 

Protein content was measured in quadruplicate with a LECO FP-200 Nitrogen Determinator 180 

(Leco Corp., St Joseph, MI). Fat content was evaluated in triplicate according to Bligh & 181 

Dyer (1959) method. 182 

 183 

2.5. Weight losses, pH and water activity 184 

Weight losses were evaluated as percentage of initial sample weight. Three sausages 185 

for each formulation were used for these determinations. The pH was determined using a pH 186 

meter (model 827, pH Lab Methrom, Herisau, Switzerland) on 10 g homogenate samples in 187 

100 ml of distilled water. Six measurements were performed for each treatment. Water 188 

activity (aw) was measured at 25 ºC in a LabMaster-aw (Novasina, Lachen, Switzerland). 189 
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Analyses were performed at days 0, 2, 7 and 20 of processing and three determinations were 190 

carried out for each treatment. 191 

 192 

2.6. Color analysis 193 

Color (CIE-LAB tristimulus values, lightness, L*; redness, a* and yellowness, b*) was 194 

evaluated on a Chroma Meter CR-400 (Konica Minolta Business Technologies, Inc., Tokyo, 195 

Japan). Analyses were performed at days 0, 2, 7 and 20 of processing and ten determinations 196 

from each treatment were carried out on cross-sections of the sausage. 197 

 198 

2.7. Microbiological Analysis 199 

 Microbiological analysis of sausages was carried out as follows: 10 g of each 200 

treatment was aseptically taken and placed in a sterile plastic bag with 90 mL of buffered 201 

peptone water (Panreac, Darmstadt, Germany). After 15 min in a stomacher blender 202 

(Stomacher Colworth 400, Seward, London, UK), appropriate decimal dilutions were plated 203 

or spread on the media. Plate Count Agar (PCA) (Panreac, Darmstadt, Germany) was used for 204 

total viable counts (TVC) (37 ºC for 48 h), De Man, Rogosa, Sharp Agar (MRS) (Merck, 205 

Darmstadt, Germany) was used for lactic acid bacteria (LAB) (37 ºC for 48 h). For selective 206 

enumeration of L. plantarum, LPSM (Lactobacillus plantarum selective medium) agar (37 ºC 207 

for 72 h) was used according to Bujalance, Jiménez-Valera, Moreno, & Ruiz-Bravo (2006). 208 

LPSM medium is composed of (in g/L): D-sorbitol (20), agar (15), bacterial peptone (10), 209 

beef extract (10), yeast extract (5), sodium acetate (5), potassium phosphate (2), ammonium 210 

citrate (2), magnesium sulfate (0.1), manganese sulfate (0.05), bromocresol purple (0.02) and 211 

ciprofloxacin (0.0004). Finally, Violet Red Bile Glucose Agar (VRBG) (Panreac, Darmstadt, 212 

Germany) with a double layer was used for Enterobacteriaceae (37 ºC for 24 h) enumeration. 213 
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Homogenization time of samples was according the time need for complete solubilization of 214 

alginate beads. All microbial counts were converted to logarithms of colony-forming units per 215 

gram (log CFU/g). Analyses were performed at days 0, 2, 7 and 20 of processing and two 216 

determinations were carried out for each treatment. 217 

 218 

2.8. Statistical Analysis 219 

 A two-way analysis of variance (ANOVA) was carried out depending on the variables: 220 

type of dry fermented sausage (Cc, Cfc, Calg, Cwo, Cwow) and processing time (0, 2, 7 and 221 

20). One-way ANOVA was also carried out to evaluate the statistical significance (P<0.05) 222 

on the weight losses of the different fermented sausages. Tukey’s HSD test was used to 223 

identify significant (P < 0.05) differences between types of fermented sausage and time. 224 

Statistical analyses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). 225 

 226 

3. Results and Discussion 227 

3.1. Proximate composition 228 

Proximate composition of dry fermented sausages was measured at the end of 229 

processing (day 20). Moisture content of dry fermented sausages ranged from 25.34 to 230 

29.83% (Table 1) and showed differences (P < 0.05) according to the formulation. The 231 

highest levels of moisture were found in the Cc and Cfc treatments. In the other hand, lowest 232 

moisture level was observed in treatments with L. plantarum encapsulated in W/O emulsion. 233 

Protein content of dry fermented sausages ranged from 27.04 to 29.90% (Table 1) and no 234 

differences between treatments were found. Fat levels of dry fermented sausages ranged from 235 

30.06 to 35.69% (Table 1) and as expected, two different levels of fat were found. The highest 236 

(P < 0.05) fat content were observed in Cwo and Cwow treatments, and this is probably due 237 
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to the emulsified olive oil added in those formulations. In addition, fat levels were inversely 238 

proportional to moisture content. Ash content ranged from 4.85 to 5.61% with no effect of the 239 

formulation in qualitative terms (Table 1). 240 

 241 

3.2. Weight loss, pH and Aw 242 

Weight loss in all treatments increased (P < 0.05) during processing time because of 243 

drying process (Figure 1). The most intense weight loss was observed between the days 2 and 244 

7 in all treatments, which is related to the decrease in pH values (Table 2) associated to lower 245 

RH values on the ripening chamber. At the final of dry fermented sausages processing (day 246 

20), the higher weight loss was observed in Calg, Cwow and Cfc treatments (41.74, 40.28, 247 

and 38.56%, respectively). However, weight losses values found in all treatments are in the 248 

range of 30 to 40%, which is considered ideal for dry fermented sausages (Rust, 1994).  249 

During fermentation and ripening steps of dry fermented sausages, three groups of 250 

substances are able to influence the pH values: organic acids from fermentation of sugars, 251 

substances resulted from proteolysis by microorganisms and organic acids from fat 252 

metabolism (Bloukas, Paneras, & Fournitzis, 1997). Processing time affected (P < 0.05) pH 253 

values of dry fermented sausages during both fermentation and ripening steps. As shown in 254 

Table 2, initial pH values of meat batters (day 0) were between 5.80 and 5.91. The decrease in 255 

pH was observed in all treatments regardless of whether or not they were inoculated with L. 256 

plantarum. The decrease in pH was more intense in Cfc and Calg treatments (P < 0.05) at day 257 

2, probably due to a more intense metabolism of L. plantarum when added as free cells or as 258 

in alginate beads. Some studies have shown the entrapment of LAB in alginate improves 259 

lactic acid production (Idris & Suzana, 2006; Rao, Prakasham, Rao, & Yadav, 2008). In 260 

addition, the entrapment in alginate matrix forms a semi-permeable barrier (Kailasapathy, 261 

2002; Anal & Singh, 2007) and the lactic acid produced by probiotics can flow to the meat 262 
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matrix decreasing pH values. This rapid drop in pH is important for the microbiological 263 

quality of the sausages because it contributes to the inhibition of pathogens and spoilage 264 

microorganisms, accelerates the reduction of nitrite to nitric oxide, affects the flavor of the 265 

product and facilitates meat binding capacity, improving firmness and sliceability (Garriga et 266 

al., 1996; Castano, Fontan, Fresno, Tornadijo, & Carballo, 2002; Hughes et al., 2002). 267 

Even with slower pH decrease in Cc, Cwo and Cwow treatments, at the end of 268 

processing (day 20), pH values were less than 5.0 for all treatments. Values of pH lower than 269 

5.0 are important for ensure microbiological safety of dry fermented sausages. Value sof pH 270 

found in this study are consistent with the results obtained by Erkillä, Suihko, Eerola, Petäjä, 271 

& Mattila-Sandholm (2001), Cavalheiro et al. (2010), Campagnol, Santos, Wagner, Terra, & 272 

Pollonio (2011), Campagnol, Santos, Terra, Pollonio (2012), Rubio et al. (2013), Holko et al. 273 

(2013) in different dry fermented sausages with or without probiotic addition as free cells. 274 

Even more, Muthukumarasamy & Holley (2006) related similar values of pH in dry 275 

fermented sausages containing L. reuteri encapsulated both extrusion and emulsion methods. 276 

Water activity of dry fermented sausages decreased (P < 0.05) from initial values of 277 

0.955-0.962 to 0.879-0.915 (Table 2) at the end of processing (day 20). In the first 48h of 278 

processing an increase in aw values was observed in all treatments, which could be related to 279 

the high RH (90%) used in ripening chamber at this step. After the day 2, aw decreases 280 

considerably up to day 20, when reached the lower (P < 0.05) aw values found. Reduction in 281 

aw values is a consequence of weight losses and a decrease in pH values during processing of 282 

dry fermented sausages. Cfc treatment showed lower aw values at the end of processing 283 

followed by Calg (0.858 and 0.879, respectively). The lower aw in treatments Cfc and Calg 284 

probably is consequence of their lower pH values (Table 2). According to Mauriello, 285 

Casaburi, Blaiotta, & Villani (2004), when pH approaches the isoelectric point of proteins a 286 

decrease in water retention occurs, facilitating dehydration and reducing aw in sausages. As 287 
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expected, Cc treatment showed higher aw in the end of processing. Similar results were 288 

observed by Ruiz, Villanueva, Favaro-Trindade, & Contreras-Castillo (2014) in Italian-type 289 

salami with L. acidophilus and B. lactis addition.  290 

 291 

3.3. Color 292 

Color is one of the main organoleptic characteristics used to establish the quality and 293 

acceptability of meat products (Ansorena, Peña, Astiasarán, & Bello, 1997). Color values 294 

during processing of chorizo were presented in Table 3. All treatments developed typical 295 

color characteristics of dry fermented sausages during processing, as well evidenced in Figure 296 

2. At the day 2, no differences in color parameters of dry fermented sausages were found 297 

amongst treatments, while, by the 7th day, differences in color parameters were observed. The 298 

lightness (L*) values decreased (P < 0.05) during processing in all treatments, due to the 299 

concentration of solids during dehydration (Pérez-Alvarez, Sayas-Barberá, Fernández-López, 300 

& Aranda-Catalá, 1999). At the end of processing, lowest L* values were reported in Cwo 301 

while highest L* values were found in Cwow and, this fact could be related to the color of 302 

W/O/W emulsion which are more intense in white than W/O emulsion. Even more, the 303 

addition of L. plantarum as free cells or in alginate beads did not confer changes in L* 304 

parameters. A decrease in L* values during processing of probiotic fermented sausages 305 

already was reported by Sayas-Barberá et al. (2012), Wójciak et al. (2012) and Bagdatli & 306 

Kundakci (2015). 307 

Redness values (a*) of dry fermented sausages were shown on Table 3. No differences 308 

between a* values on days 2 and 7 were found for treatments Cc, Cfc, Calg and Cwow. 309 

Nevertheless, a decrease (P < 0.05) in a* values were observed in treatment Cwo. Higher a* 310 

values are been related to nitrosomyoglobin formation and moisture loss, which promote an 311 

increase in heme pigment concentration (Aléson-Carbonell, Fernández-López, Sayas-Barberá, 312 
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Sendra, & Pérez-Alvarez, 2003). However, a decrease in a* values were found in all 313 

treatments which is probably due to lipid oxidation and nitrosopigments reactions (Pérez-314 

Alvarez & Fernández-López, 2006) and it is not related to addition of L. plantarum as free 315 

cells or as in encapsulated forms. Decrease in a* values during processing of fermented meat 316 

products already have been described by Sayas-Barberá et al. (2012) in “Longaniza de 317 

Pascua” with addition of L. casei CECT 475 and citrus fiber. 318 

Yellowness (b*) decreased in treatments during processing (Table 3). The b* values 319 

ranged from 25.12 and 27.86 at day 2 to 17.26 and 21.18 at the end of processing (day 20). 320 

Decrease in yellowness is due to decrease in oxygen consumption by microorganisms from 321 

endogenous flora or intentionally added (Pérez-Alvárez et al., 1999; Ruiz et al., 2014).   322 

 323 

3.4. Microbiological characteristics 324 

Microbiological parameters of dry fermented sausages were shown in Table 4. Cfc 325 

treatment showed higher (P < 0.05) TVC values at day 0 which could be due to the directly 326 

addition of L. plantarum as free cells. However, the same behavior was not observed for LAB 327 

and specific L. plantarum values. Values of TVC in all treatments increased between 2 and 4 328 

log CFU/g after fermentation process (day 2) as expected due to LAB growth. Even more, the 329 

addition of L. plantarum as free cells or encapsulated did not affect the final values of TVC. 330 

In respect of LAB values, an intense increase in the beginning of processing was 331 

observed for all treatnemts, especially Cc, Cwo and Cwow which ranged from less than 2 and 332 

3 log CFU/g at day 0 to more than 7 log CFU/g at day 2 (Table 4). The rapid growth of LAB 333 

is desirable in fermented meat products to control pathogenic bacteria and increase the 334 

efficiency in manufacture sausage (Raccach, 1992). This growth of LAB were observed only 335 

during the fermentation process (day 2) and LAB values remained stable in treatments (except 336 
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for Cc) up to the end of processing. Even without the addition of probiotic strains or starter 337 

cultures, LAB values for Cc treatment were similar at the end of processing to those where L. 338 

plantarum was intentionally added. This is due to endogenous microbiota presented on meat 339 

that is able to perform meat fermentation process. It is also known LAB are the dominant 340 

microorganisms in fermented sausages even if prepared without starter culture addition, 341 

which generally exceeds 8 log CFU/g of LAB counts (Benito et al., 2007; Macedo et al., 342 

2008; Zhao et al., 2011; Dalla Santa et al., 2014; Rubio et al., 2014a).  343 

Fermentation time, temperature, RH, ingredient and nature of the starter cultures are 344 

some factors that can influence on survival of LAB in dry fermented sausages (Barbosa et al., 345 

2015). The reduction of LAB during processing and storage of dry fermented sausages 346 

already has been related when probiotic microorganisms were added as free cells (Erkilla et 347 

al., 2001; Ruiz-Moyano et al., 2011a). However, in our study, this reduction was not observed 348 

and LAB values of Cfc treatment were 8.81 log CFU/g, being higher (P < 0.05) than values 349 

found in treatments with L. plantarum added in emulsion (Cwo) and double emulsion (Cwow) 350 

forms. At the final of processing, LAB values of Cwo and Cwow treatments were the same as 351 

Cc treatment, with no addition of L. plantarum. 352 

Nevertheless, the LAB group associated with food includes 11 genera: 353 

Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc, 354 

Oenococcus, Pediococcus, Streptococcus, Vagococcus and Weissela (Vries, Vaughan, 355 

Kleerebezem, & Vos, 2006). For this reason, the differention of probiotic microorganism 356 

intentionally added from LAB that might be present in sausage matrix and are detected by 357 

MRS agar is extremely important. Molecular methods already have been used to confirm the 358 

presence of specific lactobacilli in meat products (Ruiz-Moyano et al., 2011a; Ruiz-Moyano 359 

et al., 2011b; Rubio et al., 2014a; Rubio et al., 2014b), but their use is limited especially due 360 

to abundance of false positives and false negatives results (Lauri & Mariani, 2009). In 361 
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addition, the selective medium for L. plantarum developed by Bujalance et al. (2006) is an 362 

effective form to differentiate this type of microorganism from other kind of LAB normally 363 

found on fermented sausages microbiota and well detected by MRS agar. According to Table 364 

4, L. plantarum as free cells or encapsulated in alginate beads (Calg) and added to dry 365 

fermented sausage survived well up to the end of processing. In counterpart, the counts of 366 

probiotic microorganism were lower than 2 log CFU/g in Cwo and Cwow treatments at day 0. 367 

These values increased after fermentation process (day 2) and decreased (Cwo and Cwow) 368 

until the end of processing. As expected, Cc treatment showed lower (P < 0.05) L. plantarum 369 

values that represent the natural microbiota presented on sausage matrix.  370 

It is well known high acidification rates as observed in this study are usually followed 371 

by fast LAB growth rates. The presented study shows that free and encapsulated L. plantarum 372 

was able to ferment meat batter. As L. plantarum is an excellent acid lactic (Fu & Matthews, 373 

1999) and bacteriocin producer (Silva Sabo, Vitolo, González, & Oliveira, 2014), it is easier 374 

to compete with other kind of microorganisms present in meat batter. With respect to 375 

Enterobacteriaceae counts, at day 0 the counts were between 3 and 4 log CFU/g, which is 376 

considered hygienically acceptable for raw meat batters. After fermentation (day 2), the levels 377 

of Enterobacteriaceae increased in all treatments (P < 0.05) followed by a decrease up to end 378 

of processing (Table 4). At day 20, Enterobacteriaceae values were about 3 log CFU/g for 379 

Cc, Cwo and Cwow treatments. However, for Cfc and Calg treatments the values were below 380 

the detection limit of 1 log CFU/g. The results showed the inhibitory effect of inoculated L. 381 

plantarum against Enterobacteriaceae, which is crucial to obtain high quality hygienic 382 

sausages (Benito et al., 2007; Rubio et al., 2013). Instead of lactic acid production, the 383 

bioprotective effect of L. plantarum is due to bacteriocin production and some strains of meat 384 

origin already have been characterized as bacteriocin producers (Müller, Carrasco, Tonarelli, 385 

Simonetta, 2009; Todorov, Ho, Vaz-Velho, & Dicks, 2010; Barbosa et al., 2016).  386 
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 However, the addition of L. plantarum as free cells or encapsulated in alginate beads 387 

seems to be more effective against Enterobacteriaceae. According to Gouin (2004), alginate 388 

beads are porous and this allows the release of a portion of L. plantarum cells to meat matrix 389 

assisting in meat fermentation and pathogens control. Garriga et al. (2005) and Rubio et al. 390 

(2013) observed an increase of Enterobacteriaceae values during the first 7 days of ripening 391 

in fuet and chorizo without starter cultures, whereas no growth was found in treatments with 392 

starter culture.  393 

 394 

4. Conclusions 395 

Proximate composition, physico-chemical (weight loss, pH and aw) and color 396 

properties of dry fermented sausages with addition of free and encapsulated L. plantarum 397 

were considered normal for this kind of product. In relation of microbiological characteristics, 398 

total viable counts and lactic acid bacteria counts were similar on treatments with and without 399 

addition of L. plantarum. However, treatments with addition of free and encapsulated L. 400 

plantarum had higher counts on Lactobacillus plantarum selective medium. Nevertheless, 401 

treatments with L. plantarum as free cells and encapsulated in alginate beads showed counts 402 

of L. plantarum higher than 6 log CFU/g during the whole processing. 403 
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Table 1 – Proximate composition of dry fermented sausage with addition of free and 629 

encapsulated L. plantarum (in %). 630 

 Moisture Protein Fat Ash 

Cc 29.83 ± 0.31A 29.49 ± 0.30A 30.06 ± 0.40B 5.20 ± 0.03C 

Cfc 28.44 ± 0.17AB 29.90 ± 2.16A 30.62 ± 0.55B 5.36 ± 0.05B 

Calg 27.24 ± 0.21B 29.86 ± 0.91A 30.53 ± 0.45B 5.61 ± 0.06A 

Cwo 25.34 ± 0.13C 28.21 ± 0.97A 35.02 ± 0.10A 5.03 ± 0.03D 

Cwow 27.30 ± 1.23B 27.04 ± 0.64A 35.69 ± 0.32A 4.85 ± 0.02E 

Means ± standard deviation. 631 

A Different letters in the same column indicate significant differences (P < 0.05). 632 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 633 

alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 634 

emulsion. 635 

 636 
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 643 
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 650 
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 652 
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Table 2 – pH and aw of dry fermented sausages with addition of free and encapsulated L. 653 

plantarum. 654 

  Day of processing 

  0 2 7 20 

 Cc 5.93 ± 0.01a2  5.59 ± 0.02b1 5.14 ± 0.01c1 4.92 ± 0.04d1 

 Cfc 5.94 ± 0.00a1 4.79 ± 0.00b3 4.54 ± 0.01c4 4.43 ± 0.01d3 

pH Calg 5.80 ± 0.01a4 4.80 ± 0.06b3 4.52 ± 0.01c5 4.41 ± 0.01d3 

 Cwo 5.94 ± 0.01a1 5.55 ± 0.01b1 5.13 ± 0.01c2 4.93 ± 0.02d1 

 Cwow 5.91 ± 0.01a3 5.33 ± 0.01b2 5.03 ± 0.01c3 4.84 ± 0.01d2 

      

 Cc 0.956 ± 0.001b3 0.963 ± 0.001a3 0.941 ± 0.001c1 0.915 ± 0.004d1 

 Cfc 0.955 ± 0.000b3 0.964 ± 0.001a3 0.938 ± 0.001c2 0.858 ± 0.005d4 

aw Calg 0.960 ± 0.001b12 0.970 ± 0.001a12 0.937 ± 0.001c2 0.879 ± 0.001d3 

 Cwo 0.958 ± 0.002b23 0.966 ± 0.002a23 0.939 ± 0.002c12 0.888 ± 0.001d2 

 Cwow 0.962 ± 0.001b1 0.970 ± 0.002a1 0.941 ± 0.001c1 0.896 ± 0.003d2 

Means ± standard deviation. 655 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 656 
alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 657 

emulsion. 658 

a Different letters in the same row indicate significant differences (P < 0.05). 659 

1 Different numbers in the same column for same parameter indicate significant differences (P 660 

< 0.05). 661 

 662 

 663 

 664 

 665 

 666 

 667 

 668 

 669 

 670 

 671 

 672 

 673 

 674 
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Table 3 – Color parameters (lightness, L*; redness, a*; yellowness, b*) of dry fermented 675 

sausage with addition of free and encapsulated L. plantarum.  676 

  Day of processing   

  2 7 20 

L* Cc 37.75 ± 2.18a1 35.55 ± 1.44b2 33.23 ± 1.14c23 

 Cfc 38.95 ± 1.53a1 40.30 ± 0.75a1 34.64 ± 1.99b12 

 Calg 39.69 ± 3.30a1 41.44 ± 1.78a1 34.64 ± 1.22b12 

 Cwo 39.14 ± 3.96a1 36.89 ± 1.99a2 32.26 ± 1.18b3 

 Cwow 41.46 ± 2.33a1 37.53 ± 2.03b2 35.66 ± 1.97b1 

     

a* Cc 27.46 ± 1.31a1 27.27 ± 1.56a2 23.81 ± 2.21b1 

 Cfc 28.22 ± 1.61a1 29.37 ± 0.98a1 24.71 ± 1.75b1 

 Calg 29.27 ± 1.09a1 28.76 ± 1.51a12 26.21 ± 1.11b1 

 Cwo 29.05 ± 1.61a1 26.92 ± 1.96b2 24.67 ± 1.52c1 

 Cwow 28.70 ± 2.72a1  29.77 ± 1.12a1 24.05 ± 2.08b1 

     

b* Cc 25.59 ± 2.33a1 22.73 ± 3.02a2 17.26 ± 2.44b2 

 Cfc 25.12 ± 2.25a1 26.69 ± 1.66a1 18.50 ± 2.31b12 

 Calg 26.21 ± 1.85a1 26.43 ± 2.28a1 21.18 ± 1.85b1 

 Cwo 27.02 ± 2.46a1 23.52 ± 1.31b2 18.71 ± 2.01c12 

 Cwow 27.86 ± 2.77a1 26.64 ± 1.14a1 20.46 ± 2.21b1 

Means ± standard deviation. 677 

a Different letters in the same row indicate significant differences (P < 0.05). 678 

1 Different numbers in the same column for same parameter indicate significant differences (P 679 

< 0.05). 680 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 681 
alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 682 

emulsion. 683 

 684 

 685 

 686 

 687 

 688 

 689 

 690 

 691 

 692 

 693 



             98 
 

Table 4 – Microbiological parameters of dry fermented sausages with addition of free and 694 

encapsulated L. plantarum (in log CFU/g). 695 

  Day of processing 

0 2 7 20 

 Cc 5.96 ± 0.18c2 7.76 ± 0.46b3 8.41 ± 0.22a2 8.51 ± 0.14a1 

 Cfc 6.93 ± 0.15c1 8.92 ± 0.01a12 8.94 ± 0.14a1 8.16 ± 0.05b1 

TVC Calg 5.94 ± 0.04b2 9.03 ± 0.00a1 9.22 ± 0.20a1 8.98 ± 0.76a1 

 Cwo 5.95 ± 0.08c2 7.90 ± 0.36b23 8.46 ± 0.06a2 8.52 ± 0.08a1 

 Cwow 5.91 ± 0.03c2 8.38 ± 0.10b123 8.52 ± 0.05a2 8.71 ± 0.04a1 

      

 Cc <2c3 7.83 ± 0.01b2 8.26 ± 0.32ab2 8.46 ± 0.16a23 

 Cfc 7.39 ± 0.26b2 8.89 ± 0.05a1 8.81 ± 0.08a1 8.81 ± 0.04a2 

LAB Calg 8.35 ± 0.23b1 8.99 ± 0.13a1 9.36 ± 0.38a1 9.29 ± 0.17a1 

 Cwo <3b3 7.89 ± 0.01a2 8.16 ± 0.20a2 8.12 ± 0.32a3 

 Cwow <3b3 7.85 ± 0.01a2 7.91 ± 0.13a2 8.06 ± 0.16a3 

      

 Cc <1b2 4.28 ± 0.53a3 4.48 ± 0.19a3 4.35 ± 0.31a3 

 Cfc 6.41 ± 0.16c1 8.11 ± 0.33a1 8.57 ± 0.34a1 7.06 ± 0.08b1 

L. plantarum Calg 6.23 ± 0.08d1 8.04 ± 0.38b1 8.99 ± 0.16a1 7.28 ± 0.18c1 

 Cwo <2c2 6.35 ± 0.22b2 7.15 ± 0.16a2 6.28 ± 0.09b2 

 Cwow <2c2 7.01 ± 0.08a2 7.07 ± 0.45a2 5.95 ± 0.06b2 

      

 Cc 3.44 ± 0.16c1 4.53 ± 0.20a2 3.97 ± 0.04b2 3.52 ± 0.09c1 

 Cfc 3.73 ± 0.01b1 4.67 ± 0.04a12 3.20 ± 0.12c4 <1d2 

Enterobacteriaceae Calg 3.39 ± 0.36b1 4.35 ± 0.21a2 3.73 ± 0.04ab3 <1c2 

 Cwo 3.70 ± 0.02b1 4.85 ± 0.00a12 4.54 ± 0.01a1 3.44 ± 0.15b1 

 Cwow 3.43 ± 0.05d1 5.10 ± 0.10a1 4.52 ± 0.03b1 3.69 ± 0.03c1 

 Means ± standard deviation. 696 

a Different letter in the same row indicate significant differences (P < 0.05). 697 

1 Different number in the same column in each group of microorganisms indicate significant 698 

differences (P < 0.05). 699 

TVC = Total viable count, LAB = lactic acid bacteria. 700 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 701 
alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 702 

emulsion. 703 

 704 

 705 

 706 

 707 

 708 

 709 
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 710 

Figure 1 – Weight loss (%) during processing of dry fermented sausages with addition of free 711 

and encapsulated L. plantarum.  712 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 713 

alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 714 

emulsion. 715 
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 718 

Figure 2 – General aspect of dry fermented sausage with addition of free and encapsulated 719 

L. plantarum at the end of processing (day 20).  720 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum 721 

in alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 722 

emulsion.  723 
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Abstract 23 

The aim of this work was to analyse physico-chemical, microbiological and sensory 24 

characteristics of a traditional Spanish dry fermented sausages (chorizo) with addition of L. 25 

plantarum as free cells or encapsulated in alginate beads, emulsion (W/O) and double 26 

emulsion (W/O/W). Five treatments were produced: a control treatment (Cc) (with no L. 27 

plantarum addition), a treatment with L. plantarum added as free cells (Cfc), a treatment with 28 

L. plantarum encapsulated in alginate beads (Calg), a treatment with L. plantarum 29 

encapsulated in a water-in-oil emulsion (Cwo), and a treatment with L. plantarum 30 

encapsulated in a water-in-oil-in-water emulsion (Cwow). Physico-chemical (pH and aw), 31 

color, microbiological characteristics and lipid oxidation were measured during chilled 32 

storage of products (60 days). In addition, sensory evaluation was done at the end of 33 

processing. Cfc and Calg treatments showed lower pH and aw values. All treatments kept the 34 

typical color of the product, but, in all treatments a* values decreased during storage. In 35 

relation to microbiological characteristics, Calg showed L. plantarum counts higher than 6 log 36 

CFU/g during the whole storage period. Cwo and Cwow had higher TBARS values at the end 37 

of storage, and in relation to sensory evaluation, Cwow showed lower scores, especially 38 

flavor and overall acceptability. For this reason, Calg treatment seems to be more indicated 39 

for use in dry fermented sausages. 40 

Keywords: encapsulation, probiotic, extrusion, chorizo, double emulsion. 41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 
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1. Introduction 53 

In Spain, the most popular meat product is Chorizo, a dry fermented sausage that is 54 

resulted of microbiological and chemical modifications such as dehydration, fermentation, 55 

color development, lipolysis and proteolysis. Traditionally, dry fermented sausages are 56 

produced either by their natural flora or by adding a starter culture mainly composed by lactic 57 

acid bacteria (LAB) and staphylococci or micrococci (Hammes & Knauf, 1994). Amongst the 58 

LAB group, L. plantarum is one of the most importance due to widespread use in food 59 

fermentation and its probiotic activity (Sauvageau et al., 2012). According to FAO/WHO 60 

(2002), probiotic is defined as “live microorganisms which, when administered in adequate 61 

amounts, confer health benefits to the consumer”. The higher the level of probiotic in food the 62 

better, however, there is a consensus that minimum probiotic concentration in food should be 63 

between 106 and 107 CFU/g or CFU/g at the moment of consumption (Nulkaekul et al., 2012). 64 

In last years, application of probiotic microorganisms in meat products has been 65 

started. Despite the fact that dairy products are still the most probiotic products, studies 66 

already have been reporting the possibility of using probiotics in meat products (DeVuyst et 67 

al., 2008; Macedo et al., 2008; Holko et al., 2013; Rubio et al., 2013: Rubio et al., 2014a; 68 

Rubio et al., 2014b; Rubio et al., 2014c; Cavalheiro et al., 2015). According to Klingberg & 69 

Budde (2006), fermented meat products are favorable to carry probiotics on, once sausage 70 

matrix seems to protect them in their journey through the gastrointestinal tract (GIT). On the 71 

other hand, the loss of probiotic viability in fermented meat products is unavoidable due to 72 

factors such as large amounts of salt and nitrites and low pH and aw during fermentation and 73 

ripening (DeVuyst et al., 2008; Khan et al., 2011). Even more, studies report poor survival of 74 

probiotics in food when added as free cells (De Vos et al., 2010). 75 
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In this context, probiotics encapsulation has been emerged as an alternative to protect 76 

them from harsh conditions of GIT and food. The encapsulation matrix can provide a physical 77 

barrier against stress conditions (Chávarri et al., 2010; Nazzaro et al., 2012). In addition, 78 

capsules should be able to maintain their integrity during passage through the GIT until they 79 

reach their target destination (colon), where they should break down and release the probiotics 80 

(Ding & Shah, 2007). Amongst the encapsulation techniques, the most common are extrusion, 81 

emulsification and spray drying with capsules ranging from a few micrometers to a few 82 

millimeters (Champagne & Fustier, 2007).  83 

Extrusion technique is the oldest and most common encapsulation method due to ease, 84 

low cost and efficiency, mainly using alginate as wall material (Krasaekoopt et al., 2003). 85 

Alginate recovers probiotic cells and forms a semi-permeable spherical barrier, which 86 

nutrients and metabolites readily cross (Kailasapathy, 2002; Anal & Singh, 2007). 87 

Emulsification technique is also largely used for probiotic encapsulation and involves 88 

dispersion of the cells mixed in a polymer solution in oil. More recently, tests have been 89 

conducted on encapsulation in double or multiple emulsions which are multi-90 

compartmentalized systems in which oil-in-water (O/W) and W/O coexist and where 91 

dispersed phase globules themselves contain even smaller dispersed droplets (Garti, 1997; 92 

Jiménez-Colmenero, 2013). 93 

However, it is important to ensure that the probiotic viability will be maintained in 94 

adequate levels during the storage of product. Furthermore, it is important to detect any 95 

possible changes in quality and sensorial properties of the sausages that the addition of 96 

encapsulated probiotics can promote. Thus, the aim of this study is to assess physico-chemical 97 

characteristics, color, microbiological parameters, lipid oxidation, and sensory properties 98 

during chilled storage (60 days) of dry fermented sausages (chorizo) elaborated with free and 99 

encapsulated L. plantarum. 100 
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2. Materials and methods 101 

2.1. Strain and culture conditions  102 

 Lactobacillus plantarum was provided by Christian Hansen (SM 199, Hørsholm, 103 

Denmark). Stock cultures were obtained using MRS broth (Panreac Química S.A., Barcelona, 104 

Spain) enriched with 20% of glycerol (Panreac, Darmstadt, Germany). One mL fractions of 105 

this cell suspension were stored in eppendorfs at -80 ºC. 106 

Before use, cell suspension was thawed at room temperature for 15 min, and 107 

subcultured in MRS broth in a proportion 1/100 (v/v) at 37 ºC for 24 h. Microorganisms were 108 

then harvested by centrifugation at 6000 g for 20 min at 4 ºC and suspended in 5 mL of 0.9% 109 

NaCl solution. Cell suspensions were referred as free cells (fc) and were used either directly 110 

in dry fermented sausage or subjected to encapsulation in alginate beads, emulsion or double 111 

emulsion techniques.  112 

 113 

2.2. Encapsulation procedures 114 

 Extrusion technique was used for the production of alginate beads containing 115 

Lactobacillus plantarum according to Krasaekoopt, Bhandari, & Deeth (2004) with slight 116 

modifications. Wall material were prepared containing: 1% sodium alginate (Texturalia, 117 

Barcelona, Spain), 1% of milk powder (La Lechera, Nestlè), 1% of dextrin (molecular weight 118 

average approximate between 10 and 20 glucose molecule per polymer) (Cargill S. L. U., 119 

Barcelona, Spain) and 5% of trehalose (Treha 16400, Cargill, Krefeld, Germany). Then, the 120 

solution was mixed with 16.66% (v/v) of a 109 CFU/ml of free Lactobacillus plantarum. 121 

Mixture was then dropped into a hardening solution of 0.1 mol/L of calcium chloride (Sigma 122 

Aldrich, Darmstatd, Germany) through a 200 µm nozzle. Alginate beads were allowed to 123 
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stand for 30 min for complete hardening, recovered with a strainer and stored at 4 ºC until 124 

their use. 125 

 Emulsions were prepared according proposed by Cofrades, Antoniou, Solas, Herrero, 126 

& Jiménez-Colmenero (2013) with slightly modifications. For W/O emulsion, a one-step 127 

emulsification process was used. Briefly, an oil phase was prepared by dispersing 6 g/100 g of 128 

the lipophilic surfactant PGPR (polyglycerol ester of polyricinoleic acid – SUGIN 476/M, 129 

Cargill, S.L.U., Barcelona, Spain) in extra virgin olive oil (Hojiblanca, Madrid, Spain) under 130 

agitation for 10 min in a TM-3 Thermomix food processor (Vorwerk, Germany) at 3250 rpm. 131 

The inner aqueous phase was free L. plantarum in a 0.6 g/100 g NaCl (Panreac Química S.A., 132 

Barcelona, Spain) which was drop-wise added to the oil phase in a blender (Thermomix, 133 

Vorwerk, Germany) at 3250 rpm for 5 min.  The resulting emulsion (W/O) was passed twice 134 

through a two-stage high pressure homogenizer (GEA Niro Soavi model Panda Plus 2000, 135 

Parma, Italy) at 4351/435 psi (first-stage pressure/second-stage phase). Emulsions were then 136 

allowed to cool at refrigeration temperature. In the second-step, W/O/W emulsion were 137 

prepared by gradually adding a W/O emulsion (40 g/100 g) to an outer aqueous phase (60 138 

g/100 g) with 0.6 g/100 g NaCl and 0.5 g/100 g sodium caseinate (DMV Excellion EM 7, 139 

DMV Campina B.V., Veghel, The Netherlands) followed by mixing in a Thermomix blender 140 

for 5 min at 700 rpm at room temperature. The resulting W/O/W emulsions were passed twice 141 

through a two-stage high pressure homogenizer at 2175/435 psi.  142 

 143 

2.3. Dry fermented sausage elaboration 144 

 Fresh postrigor pork meat and pork backfat were obtained from a local market. Five 145 

different formulations of dry fermented sausage (chorizo) were produced, according 146 

formulation previously reported by Ruiz-Capillas, Triki, Herrero, Rodriguez-Sala, & Jiménez-147 
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Colmenero (2012). A control treatment (Cc) without addition of L. plantarum were prepared 148 

as follow: pork meat (75%), pork backfat (18%), choravi (5.3%), NaCl (1.5%) and curavi 149 

(0.3%). A treatment with addition of L. plantarum as free cells (0.63%) (Cfc), a treatment 150 

with L. plantarum added as alginate beads (3.75%) (Calg), a treatment with L. plantarum 151 

added in a W/O emulsion (2.30%) (Cwo) and, a treatment with L. plantarum added in a 152 

W/O/W emulsion (5.70%) (Cwow) were produced. Meat and pork backfat were separately 153 

minced at 4.5 mm (Vam.Dall. Srl. Modelo FTSIII, Treviglio, Italy) and then homogenized 154 

(MAINCA, Granollers, Barcelona, Spain) for 2 min. Subsequently, half of additives (choravi, 155 

curavi, and NaCl) were added and the mixture was homogenized for 1 min. Then remaining 156 

additives and the solution containing free cells of L. plantarum, alginate beads, W/O or 157 

W/O/W emulsions were added and mixture was homogenized for more 2 min. In all cases, 158 

final temperature of meat matrix was less than 11 ºC. Prepared sausage matrix was 159 

immediately stuffed into collagen casing (Fibran, S. A. Sant Joan de les Abadesses, Gerona, 160 

Spain) using a 4-cm diameter stuffer (MAINCA, Granollers, Barcelona, Spain). Sausages 161 

were placed in a ripening cabinet (BINDER model KBF 240 Tuttlingen, Germany) 162 

programmed to operate under following conditions: 23 ºC and 90% relative humidity (RH) for 163 

48 h and 13 ºC and 75% RH, until the end of ripening (20 days). After the end of processing, 164 

dry fermented sausages were immediately stored at 4 ºC for 60 days. 165 

 166 

2.4. Physico-chemical and color characteristics 167 

Samples of dry fermented sausages were taken at days 0 (end of processing), 20, 35 168 

and 60 of chilled storage. The pH was determined using a pHmeter (model 827pH Lab 169 

Methrom, Herisau, Switzerland) on 10 g homogenate samples in 100 ml of distilled water. Six 170 

measurements were performed for each sample. Water activity (aw) was measured at 25 ºC in 171 
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a LabMaster-aw (Novasina, Lachen, Switzerland). Three determinations were carried out for 172 

each sample. Color (CIE-LAB tristimulus values, lightness, L*; redness, a* and yellowness, 173 

b*) was evaluated on a Chroma Meter CR-400 (Konica Minolta Business Technologies, Inc., 174 

Tokyo, Japan). Ten determinations from each sample were carried out on cross-sections of the 175 

sausage. Analyses were performed at days 0, 20, 35 and 60 of storage at 4 ºC.  176 

 177 

2.5. Microbiological properties 178 

Microbiological analysis of sausages was carried out as follows: 10 g of each sample 179 

was aseptically taken and placed in a sterile plastic bag with 90 mL of buffered peptone water 180 

(Panreac, Darmstadt, Germany). After homogenizing in a stomacher blender (Stomacher 181 

Colworth 400, Seward, London, UK) for 15 min, appropriate decimal dilutions were plated or 182 

spread on the media. Plate Count Agar (PCA) (Panreac, Darmstadt, Germany) was used for 183 

total viable counts (TVC) (37 ºC for 48 h), De Man, Rogosa, Sharp Agar (MRS) (Merck, 184 

Darmstadt, Germany) was used for lactic acid bacteria (LAB) (37 ºC for 48 h). For selective 185 

enumeration of L. plantarum, LPSM (Lactobacillus plantarum selective medium) agar (37 ºC 186 

for 72 h) was used, according to Bujalance, Jiménez-Valera, Moreno, & Ruiz-Bravo (2006). 187 

LPSM media is composed of (in g/L): D-sorbitol (20), agar (15), bacterial peptone (10), beef 188 

extract (10), yeast extract (5), sodium acetate (5), potassium phosphate (2), ammonium citrate 189 

(2), magnesium sulfate (0.1), manganese sulfate (0.05), bromocresol purple (0.02) and 190 

ciprofloxacin (0.0004). Finally, Violet Red Bile Glucose Agar (VRBG) (Panreac, Darmstadt, 191 

Germany) with a double layer was used for Enterobacteriaceae (37 ºC for 24 h) enumeration. 192 

Homogenization time of samples was according the time need for complete solubilization of 193 

alginate beads. All microbial counts were converted to logarithms of colony-forming units per 194 

gram (Log cfu/g). Analyses were performed at days 0, 20, 35 and 60 of storage at 4 ºC. 195 
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2.6. Lipid oxidation 196 

Lipid oxidation was evaluated by changes in thiobarbituric acid-reactive substances 197 

(TBARS). TBARS measurement procedure was based on methods used by López-López, 198 

Cofrades, Yakan, Solas & Jiménez-Colmenero (2010). Briefly, the procedure was as follows: 199 

5 g of each sample was homogenized in 35 ml of 7.5% trichloroacetic acid for 30 s in a high 200 

speed Ultraturrax blender (Ika-Werke, GmbH & Co, Staufen, Germany). The sample was 201 

centrifuged (3000 g for 5 min) and 5 ml of the supernatant was mixed with 5 ml of 20 mM of 202 

thiobarbituric acid; finally, the solution was mixed and kept in the dark for 20 h at 20 ± 1.5 203 

ºC. The pink color formed was determined spectrophotometrically (Lambda 15UV/VIS 204 

spectrophotometer, Perkin-Elmer, USA) at 532 nm. A calibration curve was plotted with 205 

1,1,3,3-tetraethoxypropane (Sigma Chemical Co., St. Louis, USA) to obtain the 206 

malonaldehyde (MDA) concentration as results were expressed as mg MDA/kg of sample. 207 

Analyses were performed at days 0, 20, 35 and 60 of storage at 4 ºC and TBARS 208 

determinations were performed in triplicate.  209 

 210 

2.7. Sensory analysis 211 

A 17-member panel carried out sensory analysis of dry fermented sausages. Sausages 212 

were sliced into 2 mm slices and a code has been assigned to each sample. Subsequently, all 213 

samples were presented to panelists in a random order. A hedonic scale rating test was carried 214 

out where panelists evaluated appearance, flavor, hardness, texture, color, odor and overall 215 

acceptability. The evaluation was made on 10 cm unstructured line scale with the terms ‘I 216 

completely dislike’ and ‘I like very much’ at either extreme. Vertical lines drawn by the 217 

panelists through the horizontal scale lines were converted into scores. The score sheet also 218 

included a comments section. Water and crackers were provided to panelist to cleanse their 219 
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palates between samples. Sensory analysis was performed one week after preparation of dry 220 

fermented sausages. 221 

 222 

2.8. Statistical analysis 223 

A two-way analysis of variance (ANOVA) was carried out depending on the variables: 224 

type of dry fermented sausage (Cc, Cfc, Calg, Cwo, Cwow) and chilled storage time (0, 20, 225 

35 and 60 days). One-way ANOVA was also carried out to evaluate the statistical significance 226 

(P < 0.05) on the sensory analysis of dry fermented sausages. Tukey’s HSD test was used to 227 

identify significant (P < 0.05) differences between samples of fermented sausage and chilled 228 

storage time. Statistical analyses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL, 229 

USA). 230 

 231 

3. Results and Discussion 232 

3.1. Physico-chemical and color properties 233 

Values of physico-chemical properties of dry fermented sausages with encapsulated L. 234 

plantarum during chilled storage are shown on Table 1. According to Työpponen et al. 235 

(2003), pH values closer to 5 are important to ensure microbiological security of products and 236 

to improve changes in color and flavor formation. According to Table 1, pH values of dry 237 

fermented sausages during storage ranged from 4.41 to 5.20 (P < 0.05), which is beneficial for 238 

microbiological stability of meat products (Castano et al., 2002; Garriga et al., 1996; Hughes 239 

et al., 2002). Despite the pH values of dry fermented sausages found in this study can be 240 

considered normal for this category of meat product (Olivares et al., 2009), some differences 241 

were observed between control treatment (Cc) and dry fermented sausages with encapsulated 242 
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L. plantarum. The Cc treatment showed higher pH values during storage, and values slightly 243 

increased throughout the storage period (P < 0.05). According to Bozkurt and Erkmen (2002), 244 

an increase in pH values of fermented sausages during storage is expected due to 245 

decarboxylation and amino acids deamination. Treatments with encapsulated L. plantarum 246 

showed different behaviors in pH values during chilled storage period. Cfc, Calg, and Cwow 247 

treatments showed an increase (P < 0.05) in pH values followed by a decrease (P < 0.05) until 248 

the end of storage. A decrease in pH values of fermented sausages close to the final of storage 249 

period could be related to lipolysis and consequent fatty acids release. The Cfc and Calg 250 

treatments had the lowest pH values during chilled storage. The lactic acid production by L. 251 

plantarum when added as free cells (Cfc) have no physical barrier which is provided by 252 

encapsulation techniques, and easily reach the meat matrix. According to Gouin (2004), 253 

alginate beads are porous so the lactic acid are also released to meat matrix, assisting in meat 254 

fermentation. In counterpart, Cc had the highest (P < 0.05) pH values (Table 1) during 255 

completely chilled storage period, which is consequence of no L. plantarum addition. Some 256 

studies have shown the entrapment of LAB in alginate may improve lactic acid production 257 

(Idris & Suzana, 2006; Rao, Prakasham, Rao, & Yadav, 2008). According to Table 1, pH 258 

values of Calg were similar to those of Cfc during the storage period (except day 35).  259 

However, it is not clear if the encapsulation of L. plantarum in emulsion (Cwo) and 260 

double emulsion (Cwow) reduce the lactic acid production or if the lactic acid produced is 261 

placed inside the capsule, not being released into meat matrix. The pH values of dry 262 

fermented sausages with encapsulated L. plantarum are in agreement with those reported by 263 

Campagnol et al. (2012a), Campagnol et al. (2012b), Campagnol et al. (2011), Gelabert et al. 264 

(2003), thus, those pH values can be considered for this kind of meat product. 265 

Water activity values of dry fermented sausages with encapsulated L. plantarum 266 

addition during chilled storage are shown on Table 1. It was possible to observe that Cfc 267 
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treatment showed lower (P < 0.05) aw at the beginning of storage period (day 0). In addition, 268 

in that treatment, even with variations (P < 0.05) in aw values, no differences were found 269 

between the beginning and the end of storage period. In the Cc, Calg, Cwo and Cwow 270 

treatments, a decrease (P < 0.05) in aw values during chilled storage period was observed. At 271 

day 0 of storage, Cc treatment had higher (P < 0.05) aw values (0.915). Nevertheless, at the 272 

end of storage period (day 60) even with statistical differences amongst the treatments (Table 273 

1), aw values were quite similar and unable to promote technological and sensorial alterations.  274 

CIE L*a*b* values of dry fermented sausages with encapsulated L. plantarum are 275 

shown on Table 2.  Color is one of the main organoleptic characteristics used to establish the 276 

quality and acceptability of meat products (Ansorena, Peña, Astiasarán, & Bello, 1997). All 277 

treatments kept the typical color of this kind of product during whole storage period as well 278 

evidenced in Figure 1. Values of L* ranged from 32.26 to 35.66 (P < 0.05) at day 0. In Cc, 279 

Cfc, Calg and Cwo treatments was possible to observe an increase (P < 0.05) in L* values up 280 

to 35th day of storage followed by a decrease (P < 0.05) at the 60th day, ranging from 30.54 to 281 

33.68.  282 

Red intensity (a*) is the most sensitive parameter for measuring color, red color 283 

characterization, and color stability (García-Esteban et al., 2003). The values for a* 284 

parameters of dry fermented sausages with encapsulated L. plantarum are shown on Table 2. 285 

At the beginning of storage period, no differences were observed amongst all treatments. 286 

Starting from day 35 of storage a decrease (P < 0.05) in a* values in all treatments were 287 

found. At the end of storage period, a* values were lower than at day 0. This means that dry 288 

fermented sausages lost the red intensity during storage. According to Pérez-Alvarez et al. 289 

(1999), a decrease in a* values is related to the partial denaturation of nitrosomyoglobin 290 

pigment due to lactic acid production or even lipid oxidation in meat products (Fernández-291 

Lopez et al., 2003; Yu et al., 2002). Other studies already related a decrease in a* parameters 292 
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during processing and storage period of fermented sausages (Kayaardi & Gök, 2003; 293 

Campagnol et al., 2007; Cavalheiro et al., 2013).  294 

According to Table 2, values of yellowness parameter (b*) of dry fermented sausages 295 

also decreased (P < 0.05) during storage period. In the beginning of storage period, values of 296 

b* parameter ranged from 16.73 to 21.18. However, at the end of storage period (day 60), 297 

values ranged from 13.49 to 15.99, being Cc and Cwow treatments with lower b* values than 298 

the others. A decrease in yellowness are probably due to the oxygen consumption by 299 

microorganisms during their exponential growth and due to metabolites produced that induce 300 

the oxidation of meat and fat (Demeyer et al., 1986; Sarasibar et al., 1989). 301 

Even with the statistical differences observed amongst the treatments in the L*a*b* 302 

parameters (Table 2), the effects of addition of encapsulated L. plantarum in dry fermented 303 

sausages were not evident, which may have been due to the inhomogeneous color typical of 304 

fermented sausages (Campagnol et al., 2012a) as can be observed on Figure 1. 305 

 306 

3.2. Microbiological characteristics 307 

Table 3 shows the microbiological characteristics of dry fermented sausages with 308 

encapsulated L. plantarum during chilled storage. No differences amongst treatments were 309 

observed at day 0 for total viable counts (TVC). Except for the Cfc and Cwo treatments, the 310 

others remained stable for TVC counts during whole chilled storage period. In relation to 311 

LAB counts, values were higher (P < 0.05) in Calg treatment at day 0. During the storage 312 

period, in all treatments, LAB values decreased (P < 0.05) at day 20, but increased (P < 0.05) 313 

at day 35. At the end of storage period (day 60), only for the Cwow treatment a decrease (P < 314 

0.05) in LAB values were observed when comparing to day 35. 315 
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Nevertheless, the LAB group associated with food includes 11 genera: 316 

Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc, 317 

Oenococcus, Pediococcus, Streptococcus, Vagococcus and Weissela (Vries, Vaughan, 318 

Kleerebezem, & Vos, 2006). For this reason, it is important to differentiate the probiotic 319 

microorganism that was added from the others that might be present in sausage matrix and 320 

that are detected by MRS agar. Molecular methods already have been used to confirm the 321 

presence of specific lactobacilli in meat products (Ruiz-Moyano et al., 2011a; Ruiz-Moyano 322 

et al., 2011b; Rubio et al., 2014a; Rubio et al., 2014b), but their use is limited especially due 323 

to abundance of false positives and false negatives results (Lauri & Mariani, 2009).  324 

In addition, the selective medium for L. plantarum (LPSM) developed by Bujalance et 325 

al. (2006) is an effective form to differentiate this type of microorganism from other kind of 326 

LAB normally found on fermented sausages microbiota and well detected by MRS agar. In 327 

this context, LPSM was a good alternative for differentiation of L. plantarum from other 328 

LAB. According to Table 3, Calg showed higher (P < 0.05) L. plantarum values during the 329 

whole period of storage. Studies reported that for a food to be considered as a probiotic, the 330 

minimum concentration of probiotic microorganism should be between 106 – 107 CFU/g at the 331 

moment of consumption (Nulkaekul et al., 2012). On this basis, Calg treatment could be 332 

considered as a probiotic food throughout the whole storage period (Table 3). In addition, it is 333 

possible to observe a decrease (P < 0.05) in L. plantarum counts in Cfc, Cwo and Cwow 334 

treatments to levels below 106 CFU/g at day 35 followed by an increase (P < 0.05) at the end 335 

of storage. Furthermore, even with no addition of L. plantarum, Cc treatment showed L. 336 

plantarum counts between 3 and 4 log CFU/g due to the meat normal flora. However, as 337 

expected, those values are lower (P < 0.05) than those observed in treatments where L. 338 

plantarum was added as free cells or encapsulated.  339 
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In relation to Enterobacteriaceae counts (Table 3), at day 0 of storage Cfc and Calg 340 

treatments already showed lower than 1 log CFU/g counts, while Cc, Cwo and Cwow 341 

treatments showed about 3 log CFU/g counts. However, starting from day 20 up to the end of 342 

storage period, all treatments showed counts lower than 1 log CFU/g. Those results indicate 343 

the hygienic quality of obtained meat products. Even more, it shows the efficiency of using 344 

LAB against pathogenic bacteria mainly due to bacteriocin production. Studies have shown 345 

the effectiveness of L. curvatus as free cells (Benkerroum et al., 2005) and encapsulated L. 346 

plantarum (Barbosa, Todorov, Jurkiewicz, & Franco, 2015) against Listeria monocytogenes 347 

in fermented meat sausages. 348 

 349 

3.3. Lipid oxidation 350 

The TBARS test is the most usual method to follow the evolution of lipid oxidation in 351 

meat and meat products (Raharjo & Sofos, 1993). Peroxidation has been proven to produce 352 

some harmful substances (Fujioka & Shibamoto, 2004), and the reduction of malonaldehyde 353 

(MDA) content of fermented meat products is very important. The changes in TBARS values 354 

of dry fermented sausages with encapsulated L. plantarum were followed during the 60 days 355 

of the storage (Table 4). No differences in TBARS values were found amongst treatments at 356 

days 0 and 20 of storage. At 35th day of storage, Cwo treatment had higher (P < 0.05) TBARS 357 

values than Cc, Cfc and Calg treatment but with no differences with Cwow treatment. This 358 

indicates a tendency to greater lipid oxidation in treatments containing emulsions, which has 359 

been confirmed at 60th day of storage, where Cwow treatment showed higher (P < 0.05) 360 

values followed by Cwo treatment.  361 

Higher TBARS values of dry fermented sausages with encapsulated L. plantarum in 362 

emulsion systems are probably due to two reasons: those products had higher levels of fat 363 
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(data not shown) and the olive oil added in emulsions probably are more susceptible to 364 

oxidation due to higher unsaturated fatty acid content. Studies have shown TBARS values of 365 

frankfurters containing perilla oil in double emulsion were higher than treatments made with 366 

pork backfat (Freire et al., 2016). Delgado-Pando et al. (2011) reported that lipid oxidation 367 

can vary according to the type of protein system (caseinate, whey protein isolate, or both 368 

combined with transglutaminase) used as a hydrophilic emulsifier to stabilize O/W emulsions.  369 

Dry fermented sausages are products that generally take time to ferment and ripe, and 370 

in addition, have long storage periods, so is expected to obtain high levels of TBARS values. 371 

In addition, the ability to produce hydrogen peroxide is widespread among LAB group (Song 372 

et al., 1999), which can be beneficial in terms of food preservation but can increase lipid 373 

oxidation (Harel and Kanner, 1985). To control lipid oxidation, natural or synthetic 374 

antioxidants are commonly used. In addition, the use of starter cultures also has action to 375 

control lipid oxidation in meat products. Nevertheless, in our study no antioxidants were adde 376 

to dry fermente sausages. Studies already have shown the in vitro and in vivo antioxidant 377 

activity of some strains of L. plantarum (Li et al., 2012) and L. sake (Amanatidou, Smid, 378 

Bennik & Gorris, 2001; Katikou, Ambrosiadis, Georgantelis, Koidis, & Georgakis, 2005). In 379 

the study made by Gao, Li & Liu (2014), fermented sausages with addition of L. sake C2 380 

showed lower TBARS values when compared to control treatment. 381 

Ahmad & Srivastave (2007) stated that sensory alterations related to lipid oxidation 382 

are not possible in treatnents with TBARS values lower than 1 mg MDA/kg. Using this value 383 

as a threshold of sensory changes detection, only Cwo and Cwow treatments had values 384 

higher than 1 mg MDA/kg at day 60 of storage (Table 4). 385 

 386 

 387 
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3.4.Sensory evaluation 388 

The average scores of appearance, flavor, hardness, texture color, odor and overall 389 

acceptability of dry fermented sausages with free and encapsulated L. plantarum addition are 390 

shown on Table 5. No differences were found amongst the treatments for appearance and odor 391 

attributes, which corroborates with Figure 1 showing that all treatments were similar to each 392 

other during the whole storage period. Regarding flavor, texture attributes and overall 393 

acceptability, only Cwo treatment had lower (P < 0.05) scores compared to Cc treatment. In 394 

relation to color, all treatments showed high scores (between 6.74 and 8.11). Cc treatment 395 

showed higher (P < 0.05) scores for color and overall acceptability and the results are in 396 

agreement with visual aspect of dry fermented sausages (Figure 1) and with L* a* b* values 397 

(Table 2). Finally, for overall acceptability, Cwo treatment showed lowest values but  398 

differences between treatments with addition of free or encapsulated L. plantarum. These 399 

results suggest the potential use of encapsulated L. plantarum in fermented sausages. Similar 400 

results were reported by Bagdatli & Kudakci (2015) who found the mean scores of surface 401 

appeareance, surface color, taste, aroma, texture and overall acceptability of probiotic 402 

fermented sausages were above 7 (9-scale) at the end of the fermentation (14 days). Even 403 

more, Muthukumurasamy & Holley (2006) related that the addition of encapsulated probiotic 404 

in fermented sausages are not able to produce any sensory alterations compared to control 405 

treatments. 406 

 407 

4. Conclusions 408 

The results in this study indicated that dry fermented sausages with addition of free 409 

and encapsulated L. plantarum in alginate beads showed lower pH and aw values. All the 410 

treatments kept the typical color of fermented meat products, despite the fact that in all 411 
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treatments, a* values decreased during the storage period. In relation to microbiological 412 

parameters, total viable counts and lactic acid bacteria counts were considered normal for this 413 

type of product during the whole period of storage. Even more, low counts of 414 

Enterobacteriaceae indicate the hygienic quality of products. At the end of storage, excluding 415 

Cc, all treatments showed L. plantarum counts higher than 6 log CFU/g, but, only treatment 416 

Calg kept this level during the whole period of storage. L. plantarum encapsulated in 417 

emulsion (W/O) and double emulsion (W/O/W) produced higher lipid oxidation in dry 418 

fermented sausages, especially at the end of storage period. In genetal, treatments showed 419 

good scores for all attributes examined in sensorial evaluation. However, Cwo treatment 420 

showed low scores for flavor, texturer and overall acceptability. In this context, Calg 421 

treatment seems to be more indicate for dry fermented sausages during chilled storage for 60 422 

days.  423 
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Table 1 – Physico-chemical characteristics (pH and aw) during chilled storage of dry 647 

fermented sausages with free and encapsulated L. plantarum addition. 648 

  

 

Day of storage 

0 20 35 60 

pH Cc 4.92 ± 0.04Ac 5.00 ± 0.02Ab 5.02 ± 0.03Ab 5.20 ± 0.04Aa 

 Cfc 4.43 ± 0.01Cc 4.47 ± 0.01Db 4.57 ± 0.04Ca 4.46 ± 0.00Dbc 

 Calg 4.41 ± 0.01Cb 4.49 ± 0.01Da 4.48 ± 0.01Da 4.47 ± 0.01Da 

 Cwo 4.93 ± 0.02Aa 4.85 ± 0.02Cb 4.91 ± 0.03Ba 4.83 ± 0.03Cb 

 Cwow 4.84 ± 0.01Bc 4.97 ± 0.01Ba 4.92 ± 0.01Bb 4.91 ± 0.01Bb 

      

aw Cc 0.915 ± 0.004Aa 0.882 ± 0.001Ab 0.863 ± 0.004Ac 0.853 ± 0.001Cd 

 Cfc 0.858 ± 0.005Db 0.876 ± 0.002Ba 0.861 ± 0.001Ab 0.856 ± 0.001Ab 

 Calg 0.879 ± 0.001Ca 0.872 ± 0.001Cb 0.854 ± 0.000ABc 0.847 ± 0.001Dd 

 Cwo 0.888 ± 0.001Ba 0.875 ± 0.001BCb 0.859 ± 0.005Ac 0.853 ± 0.002ABc 

 Cwow 0.896 ± 0.003Ba 0.859 ± 0.001Db 0.847 ± 0.006Bc 0.850 ± 0.001CDc 

Means ± standard deviation. 649 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 650 
alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 651 

emulsion. 652 

A Different upper case letters in the same column for same parameter indicate significant 653 

differences (P < 0.05). 654 

a Different lower case letters in the same row for same parameter indicate significant 655 

differences (P < 0.05). 656 

 657 

 658 

 659 

 660 

 661 

 662 

 663 

 664 

 665 
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Table 2 – Color parameters (lightness, L*; redness, a*; yellowness, b*) during chilled storage 666 

of dry fermented sausage with free and encapsulated L. plantarum addition. 667 

  

 

Day of storage 

0 20 35 60 

L* Cc 33.23 ± 1.41Cb 32.75 ± 1.32Bb 36.77 ± 1.61Ba 30.54 ± 1.53Cc 

 Cfc 34.64 ± 1.99ABbc 35.77 ± 1.85Aab 37.34 ± 0.94Ba 33.68 ± 1.34Ac 

 Calg 34.64 ± 1.22ABc 37.72 ± 1.41Ab 39.79 ± 1.70Aa 33.42 ± 0.92Ac 

 Cwo 32.26 ± 1.18Cb 37.71 ± 2.17Aa 37.60 ± 2.31Aba 32.28 ± 1.43ABb 

 Cwow 35.66 ± 1.97Aa 33.34 ± 1.21Bb 36.59 ± 1.26Ba 31.11 ± 0.97BCc 

      

a* Cc 23.81 ± 2.21Aa 22.43 ± 2.11Ca 19.97 ± 1.79Bb 19.59 ± 1.49Bb 

 Cfc 24.71 ± 1.75Ab 26.57 ± 1.02ABa 23.28 ± 0.73Ab 23.75 ± 0.99Ab 

 Calg 26.21 ± 1.11Aa 26.75 ± 1.26ABa 21.27 ± 1.29Bc 23.80 ± 1.14Ab 

 Cwo 24.67 ± 1.52Ab 28.12 ± 1.07Aa 20.33 ± 1.32Bd 22.60 ± 1.35Ac 

 Cwow 24.05 ± 2.08Aa 25.59 ± 1.63Ba 17.48 ± 0.71Cc 20.12 ± 1.29Bb 

      

b* Cc 16.73 ± 1.97Ca 15.37 ± 1.86Cab 10.47 ± 1.38Bc 13.49 ± 1.87Bb 

 Cfc 19.03 ± 1.80ABCa 19.45 ± 1.93Ba 13.63 ± 1.38Ab 15.58 ± 0.80Ab 

 Calg 21.18 ± 1.85Aa 21.66 ± 1.55Ba 12.80 ± 1.47Ac 15.80 ± 1.10Ab 

 Cwo 18.35 ± 1.82BCb 24.55 ± 1.75Aa 10.47 ± 2.32Bc 15.99 ± 1.69Ab 

 Cwow 19.93 ± 1.62ABa 19.40 ± 1.52Ba 16.87 ± 0.61Cb 14.82 ± 1.42Bc 

Means ± standard deviation. 668 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 669 

alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 670 

emulsion. 671 

A Different upper case letters in the same column for same parameter indicate significant 672 

differences (P < 0.05). 673 

a Different lower case letters in the same row for same parameter indicate significant 674 

differences (P < 0.05). 675 

 676 

 677 

 678 

 679 

 680 

 681 
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Table 3 – Microbiological parameters during chilled storage of dry fermented sausages with 682 

addition of free and encapsulated L. plantarum (in log CFU/g). 683 

  Day of storage 

  0 20 35 60 

TVC Cc 8.51 ± 0.14Aa 8.57 ± 0.07Ba 8.55 ± 0.09Ba 8.62 ± 0.02BCa 

 Cfc 8.16 ± 0.05Ac 8.90 ± 0.06Aab 8.96 ± 0.16Aba 8.57 ± 0.12Cb 

 Calg 8.98 ± 0.76Aa 9.08 ± 0.03Aa 9.48 ± 0.46Aa 8.91 ± 0.23Ba 

 Cwo 8.52 ± 0.08Ab 8.33 ± 0.12Cb 8.71 ± 0.43Bb 10.05 ± 0.05Aa 

 Cwow 8.71 ± 0.04Aa 8.48 ± 0.12Ca 8.59 ± 0.08Ba 8.62 ± 0.04BCa 

      

LAB Cc 8.46 ± 0.16BCa 7.30 ± 0.16Bc 7.87 ± 0.20Bb 8.06 ± 0.18Db 

 Cfc 8.81 ± 0.04Bb 7.82 ± 0.01Ac 8.97 ± 0.22Aab 9.35 ± 0.04Ba 

 Calg 9.29 ± 0.17Aa 8.12 ± 0.16Ab 9.35 ± 0.32Aa 8.86 ± 0.27Ca 

 Cwo 8.12 ± 0.32Cb 6.87 ± 0.04Cc 8.79 ± 0.08Ab 9.85 ± 0.01Aa 

 Cwow 8.06 ± 0.16Cb 6.93 ± 0.02Cc 8.95 ± 0.08Aa 8.02 ± 0.10Db 

      

L. plantarum Cc 4.35 ± 0.31Cab 4.14 ± 0.20Bab 4.64 ± 0.04Da 3.72 ± 0.30Db 

 Cfc 7.06 ± 0.08Ab 6.87 ± 0.01Ab 5.58 ± 0.20Bc 7.77 ± 0.21ABa 

 Calg 7.28 ± 0.18Ab 7.15 ± 0.16Ab 6.69 ± 0.14Ac 8.34 ± 0.24Aa 

 Cwo 6.28 ± 0.09Bc 6.92 ± 0.02Ab 5.58 ± 0.09Bd 7.13 ± 0.04BCa 

 Cwow 5.95 ± 0.06Bb 6.72 ± 0.08Aa 5.11 ± 0.23Cc 7.05 ± 0.04Ca 

      
Enterobacteriaceae Cc 3.52 ± 0.09ABa <1Ab <1Ab <1Ab 

 Cfc <1Ca <1Aa <1Aa <1Aa 

 Calg <1Ca <1Aa <1Aa <1Aa 

 Cwo 3.44 ± 0.15Ba <1Ab <1Ab <1Ab 

 Cwow 3.69 ± 0.03Aa <1Ab  <1Ab <1Ab 

Means ± standard deviation. 684 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 685 
alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 686 

emulsion. 687 

TVC = Total viable count, LAB = lactic acid bacteria. 688 

A Different upper case letters in the same column for same parameter indicate significant 689 

differences (P < 0.05). 690 

a Different lower case letters in the same row for same parameter indicate significant 691 

differences (P < 0.05). 692 

 693 

 694 

 695 

 696 
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Table 4 – Lipid oxidation (TBARS) during chilled storage of dry fermented sausages with 697 

free and encapsulated L. plantarum. 698 

 Day of storage    

 0 20 35 60 

Cc 0.236 ± 0.029Ac 0.457 ± 0.069Ab 0.529 ± 0.011Ab 0.971 ± 0.063Ba 

Cfc 0.247 ± 0.048Ac 0.537 ± 0.187Aab 0.336 ± 0.093Abc 0.626 ± 0.021Ca 

Calg 0.231 ± 0.029Ac 0.360 ± 0.110Abc 0.477 ± 0.127Aab 0.602 ± 0.041Ca 

Cwo 0.303 ± 0.049Ac 0.428 ± 0.067Ac 0.808 ± 0.145Bb 1.201 ± 0.184Ba 

Cwow 0.291 ± 0.033Ac 0.484 ± 0.089Ab 0.579 ± 0.065ABb 1.949 ± 0.054Aa 

Means ± standard deviation. Values expressed as mg MDA/kg. 699 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 700 

alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 701 

emulsion. 702 

A Different upper case letters in the same column for same parameter indicate significant 703 

differences (P < 0.05). 704 

a Different lower case letters in the same row for same parameter indicate significant 705 

differences (P < 0.05). 706 

 707 

 708 

 709 

 710 

 711 

 712 

 713 

 714 

 715 

 716 
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Table 5 – Sensory evaluation of dry fermented sausages with addition of free and 717 

encapsulated L. plantarum. 718 

Parameter Cc Cfc Calg Cwo Cwow 

Appearance 7.21 ± 2.47A 5.96 ± 1.97A 6.34 ± 2.00A 6.76 ± 1.90A 5.94 ± 2.72A 

Flavor 7.33 ± 2.06A 5.70 ± 2.49AB 6.36 ± 1.73AB 4.72 ± 2.57B 6.25 ± 2.19AB 

Hardness 4.32 ± 2.40AB 5.96 ± 2.09A 5.48 ± 2.01A 3.04 ± 1.50B 4.14 ± 1.82AB 

Texture 7.35 ± 2.05A 5.50 ± 1.78AB 5.86 ± 1.87AB 5.31 ± 2.40B 6.42 ± 1.59AB 

Color 8.11 ± 1.06A 6.74 ± 1.51B 7.24 ± 1.29AB 7.55 ± 1.40AB 7.54 ± 1.38AB 

Odor 7.50 ± 1.93A 6.68 ± 1.82A 7.29 ± 1.64A 6.49 ± 1.87A 7.11 ± 1.94A 

Overall 

acceptability 

7.75 ± 1.74A 5.92 ± 1.92AB 6.51 ± 1.84AB 5.75 ± 2.30B 7.03 ± 1.89AB 

Means ± standard deviation. 719 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum in 720 

alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 721 

emulsion. 722 

A Different upper case letters in the same column for same parameter indicate significant 723 

differences (P < 0.05). 724 

 725 

 726 

 727 

 728 

 729 

 730 

 731 

 732 

  733 
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 734 

Figure 1 – General aspect of dry fermented sausage with addition of free and encapsulated 735 

L. plantarum during chilled storage.  736 

Cc = Without L. plantarum addition; Cfc = L. plantarum as free cells; Calg = L. plantarum 737 

in alginate beads; Cwo = L. plantarum in W/O emulsion; Cwow = L. plantarum in W/O/W 738 

emulsion. 739 
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3  DISCUSSÃO 

 Neste trabalho foram testados os microrganismos probióticos Lactobacillus plantarum 

e Enterococcus faecium encapsulados em alginato juntamente com inulina, leite em pó e 

trealose e submetidos à altas temperaturas, diferentes concentrações de cloreto de sódio 

(NaCl), nitrito de sódio (NaNO2) e armazenamento por 70 dias sob refrigeração. 

Posteriormente, o Lactobacillus plantarum foi encapsulado em cápsulas de alginato, emulsão 

simples (água-em-óleo, A/O) e emulsão dupla (água-em-óleo-em-água, A/O/A) aplicados em 

um embutido fermentado espanhol (chorizo) e analisado durante seu processamento e 

armazenamento. 

 Em relação à encapsulação de L. plantarum e E. faecium em cápsulas de alginato 

contendo inulina, leite em pó e trealose foi possível obter cápsulas esbranquiçadas com 

aspecto arredondado medindo 3,79 e 3,44 mm, respectivamente. A técnica de encapsulação 

por extrusão pode promover cápsulas com tamanho variado, desde micrômetros até 

milímetros (BURGAIN et al., 2011), dependendo da distância entre o bico e a solução de 

CaCl2 e o diâmetro do bico. Outro fator importante na encapsulação é a determinação da sua 

eficiência. Os valores de eficiência de encapsulação foram superiores a 80%, o que vai de 

acordo com outros estudos que relatam uma alta eficiência de encapsulação ao usar a técnica 

de extrusão (CORBO et al., 2011; CORBO et al., 2013; KRASAEKOOPT et al., 2003; 

KRASAEKOOPT et al., 2004; URBANSKA et al., 2007). 

A encapsulação tem sido usada para aumentar a sobrevivência de microrganismos 

probióticos frente à tratamentos térmicos (ABBASZADEH et al., 2014; MANDAL et al., 

2006; SHAHARUDDIN & MUHAMAD, 2015). No presente estudo, o tratamento térmico 

reduziu a viabilidade dos probióticos tanto na forma livre como encapsulados. O L. plantarum 

na forma livre se mostrou mais sensível ao ser exposto a 70 ºC por 5 minutos, apresentando 

uma redução de aproximadamente 4 log UFC/g neste período. No mesmo período, o E. 

faecium na forma livre reduziu sua viabilidade em aproximadamente 2 log UFC/g, mostrando-

se mais resistente ao tratamento térmico (70 ºC) por curtos períodos de tempo. No entanto, ao 

expor ambos microrganismos na forma livre a 80 ºC, a perda na viabilidade (5 log UFC/g) foi 

semelhante aos 5 minutos e ambos não diferiram estatisticamente. No entanto, na forma livre, 

o L. plantarum se mostrou mais resistente a longas exposições à temperatura quando 

comparado com o E. faecium. Para que um alimento seja considerado probiótico, é necessário 

que este mantenha contagens superior a 6 log UFC/g (NULKAEKUL et al., 2012). Nesse 
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contexto, as cápsulas contendo os microrganismos probióticos se mantiveram em níveis 

superiores a 6 log UFC/g mesmo permanecendo por 30 minutos a 70 ºC. No entanto, na forma 

livre, o E. faecium apresentou contagens inferiores a 6 log UFC/g após 10 minutos a 70 ºC e o 

L. plantarum após 20 minutos a 70 ºC. 

A redução na viabilidade dos probióticos foi mais acentuada quando expostos a 80 ºC. 

Ambos microrganismos, na forma livre, apresentaram contagens inferiores a 6 log UFC/g 

quando expostos por apenas 5 minutos a 80 ºC. Já os microrganismos encapsulados também 

apresentaram contagens superiores a 6 log UFC/g apenas por 5 (E. faecium) e 10 (L. 

plantarum) minutos. A baixa viabilidade probiótica das cápsulas a 80 ºC se deve ao fato 

destas entrarem em colapso a esta temperature, liberando as células no meio e a consequente 

morte devido à alta temperatura (XING et al., 2014). Vários fatores podem ser atribuídos no 

aumento da resistência de probióticos encapsulados, como a concentração dos polímeros 

usados como material de cápsula (MANDAL et al., 2006), o uso de materiais considerados 

termoprotetores, como o leite em pó e a trealose (GHANDI et al., 2012; 

SANTIVARANGKNA et al., 2008; SCHUTYSER et al., 2012) e uma termoresistência 

natural do microrganismo. Alguns estudos já sugerem que microrganismos isolados de 

produtos cárneos cozidos apresentam uma maior resistência à altas temperaturas, tanto na 

forma livre como encapsulados (PÉREZ-CHABELA et al., 2008; PÉREZ-CHABELA et al., 

2013; RAMÍREZ-CHAVARIN et al., 2010;).  

Baixas concentrações de NaCl foram suficientes para reduzir a viabilidade dos 

microrganismos probióticos testados na forma livre. Ainda, E. faecium na forma livre se 

mostrou mais sensível quando exposto à altas concentrações de NaCl (5,0%). A encapsulação 

do L. plantarum foi eficaz na sua proteção contra o NaCl. Na forma livre, houve uma perda de 

aproximadamente 2 log UFC/g após a exposição a 5,0 % de NaCl, porém, não houve redução 

significativa na viabilidade de L. plantarum encapsulado quando exposto ao NaCl. Em 

relação ao nitrito de sódio (NaNO2), foi possível observar que concentrações de 1,0 % 

reduziram a viabilidade dos microrganismos probióticos testados tanto na forma livre como 

encapsulados em alginato, inulina, leite em pó e trealose. 

Outro fator importante é a manutenção da viabilidade dos probióticos encapsulados 

durante o seu armazenamento. É importante manter a viabilidade pelo maior período de 

tempo possível, aumentando assim as possibilidades de aplicação pela indústria. O período de 

armazenamento de 70 dias a 4 ºC reduziu a viabilidade de ambos microrganismos probióticos 
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encapsulados, porém, as contagens foram superiores a 7 log UFC/g. Diversos estudos 

mostram que probióticos encapsulados apresentam uma maior viabilidade ao armazenamento 

quando comparados com probióticos na forma livre (ANEKELLA & ORSAT, 2013; 

ETCHEPARE et al., 2016; SILVA et al., 2015; TRUELSTRUP-HANSEN et al., 2002). 

O microrganismo L. plantarum foi utilizado na produção do embutido fermentado 

tradicional espanhol, o chorizo. Nesse estudo, o microrganismo foi adicionado tanto na forma 

livre como encapsulado através de distintas técnicas de encapsulação: a extrusão, emulsão 

simples e emulsão dupla e o produto foi avaliado durante o seu processamento (20 dias) e 

armazenamento sob refrigeração (60 dias).  

Os valores de composição centesimal dos produtos foram analisados ao final do 

período de processamento. Os valores de umidade encontrados foram entre 25,34 e 29,83% e 

variaram de acordo com o tratamento, sendo que os valores mais altos de umidade foram 

encontrados nos tratamentos Cc e Cfc e os menores no tratamento Cwo. Os valores de 

proteína não variaram entre os tratamentos analisados. O teor de gordura foi maior nos 

tratamentos Cwo e Cwow, provavelmente devido à adição de azeite de oliva utilizado no 

preparo das emulsões.  

Todos os tratamentos perderam peso durante o processamento como resultado do 

processo de secagem e devido ao decréscimo nos valores de pH durante a fermentação que faz 

com que os valores se aproximem do ponto isoelétrico das proteínas que tem como 

consequência uma maior perda de água pelo produto (MAURIELLO et al., 2004). Ao final do 

processamento os valores de perda de peso ficaram entre 30 e 40%, que é considerado normal 

para este tipo de produto (RUST, 1994).  

O tempo de processamento afetou o pH dos embutidos fermentados. Os valores de pH 

no dia 0 foram entre 5,80 e 5,91, e diminuíram gradativamente em todos os tratamentos, 

incluindo o Cc, onde não foi inoculado L. plantarum. Este fato deve-se principalmente a 

presença de outros tipos de bactérias ácido lácticas que fazem parte da flora da carne e que 

também são capazes de fermentá-la.  A rápida queda no pH em produtos cárneos fermentados 

é importante porque contribui com a segurança microbiológica e melhora o sabor, aroma, 

firmeza e fatiabilidade (CASTANO et al., 2002; GARRIGA et al., 1996; HUGHES et al., 

2002). Durante o período de armazenamento, foi possível obserar um aumento nos valores de 

pH nos produtos devido às reações de descarboxilação e desaminação dos aminoácidos 

(BOZKURT & ERKMEN, 2002). Os tratamentos Cfc e Calg apresentaram os menores 
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valores de pH e isso deve-se ao fato de quando o L. plantarum é adicionado aos produtos na 

forma livre, o ácido lático produzido facilmente atinge a matriz cárnea. Ainda, de acordo com 

GOUIN (2004), cápsulas de alginato são porosas, o que também faz com que o ácido lático 

produzido seja facilmente liberado na matriz cárnea. No entanto, não está claro se a 

encapsulação em emulsão (Cwo e Cwow) diminui a produção de ácido lático pelas BAL ou se 

o ácido lático produzido permanece no interior do cápsula. Ao final do processamento e 

armazenamento, todos os tratamentos apresentaram valores de pH inferiores a 5.0, o que é 

consistente com outros resultados encontrados por Campagnol et al. (2011), Campagnol et al. 

(2012), Cavalheiro et al. (2010), Erkillä et al. (2001), Holko et al. (2013) e Rubio et al. (2013) 

em diferentes productos cárneos fermentados com ou sem adição de probiótico. Ainda, 

Muthukumarasamy & Holley (2006) relataram valores de pH similares em embutidos 

fermentados contendo L. reuteri encapsulados pelos métodos de extrusão e emulsão. 

Os valores de atividade de água (Aa) reduziram em todos os tratamentos de acordo 

com o tempo de processamento. A redução nos valores de Aa é consequência da perda de 

água e redução no pH dos produtos fermentados. Os menores valores de Aa foram 

encontrados nos tratamentos Cfc e Calg, que também foram os tratamentos com menores 

valores de pH durante o período de armazenamento. Os valores de Aa durante o 

armazenamento variaram entre os tratamentos, porém, todos os valores encontrados são 

considerados normais para este tipo de produto e não são capazes de promover alterações 

sensoriais ou tecnológicas. 

Todos os tratamentos desenvolveram a cor vermelha típica de produtos cárneos 

fermentados durante o processamento. Os valores de luminosidade (L*) diminuíram durante o 

processamento devido à concentração de sólidos durante a secagem dos produtos (PÉREZ-

ALVAREZ et al., 1999). No final do processamento, os menores valores de L* foram 

encontrados no tratamento Cwo, enquanto os maiores no tratamento Cwow devido, 

provavelmente, as próprias diferenças nas colorações das emulsões. Durante o 

armazenamento foi possível observar um aumento nos valores de L* nos tratamentos Cc, Cfc, 

Calg e Cwo até o 35º dia, seguido de uma redução até o final do armazenamento (dia 60). 

Em relação ao teor de vermelho (a*), foram observados valores que não diferiram 

entre os dias 2 e 7 de processamento para os tratamentos Cc, Cfc, Calg e Cwow. Valores altos 

de a* são relacionados a formação de nitrosomioglobina e redução da umidade (ALÉSON-

CARBONELL et al., 2003). Foi possível observar uma redução nos valores de vermelho em 
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todos os tratamentos durante o processamento e o armazenamento. Isso ocorre devido a 

oxidação de lipídios e reações dos nitrosopigmentos (PÉREZ-ALVAREZ & FERNÁNDEZ-

LÓPEZ, 2006) e não está relacionada com a adição de L. plantarum seja como células livres 

como na forma encapsulado. Sayas-Barberá et al. (2012) observou a redução nos valores de 

a* durante o processamento de “Longaniza de Pascua” com adição de L. casei CECT 475. 

Os valores do teor de amarelo (b*) diminuiram durante o processamento e armazenamento e 

variaram de entre 25,12 – 27,86 no início do processamento para 17,26 – 21,18 ao final do 

processamento e para 13,49 – 15,99 ao final do período de armazenamento. A redução nos 

valores de amarelo ocorrem devido ao consumo do oxigênio por microrganismos que 

realizam a fermentação (PÉREZ-ALVAREZ et al., 1999; RUIZ et al., 2014). 

Em relação a contagem de microrganismos aeróbios mesófilos, foi possível observar 

que no início do processamento, o tratamento Cfc apresentou maiores contagens em relação 

aos demais tratamentos. Isto, se deve provavelmente à adição direta de L. plantarum como 

células livres. No entanto, o mesmo não foi observado nas contagens de BAL e de L. 

plantarum. Foi possível observar um aumento nas contagens de BAL no início do 

processamento dos embutidos fermentados. Conforme Raccach (1992), este rápido 

crescimento de BAL é importante para controlar o possível crescimento de bactérias 

patogênicas indesejadas. Mesmo sem adição direta de L. plantarum no tratamento Cc, as 

contagens de BAL foram similares aos demais tratamentos devido a microbiota presente na 

carne que é composta de outros tipos de BAL que também são capazes de fermentá-la. É 

esperado para produtos cárneos fermentados que as contagens de BAL sejam superiores a 8 

log UFC/g (BENITO et al., 2007; DALLA SANTA et al., 2014; MACEDO et al., 2008; 

RUBIO et al., 2014a; ZHAO et al., 2011). Ao final do processamento, o tratamento Calg 

apresentou valores de BAL superiores aos outros tratamentos. Porém, ao final do 

armazenamento, os maiores valores de BAL foram encontrados no tratamento Cwo. 

No entanto, o grupo de BAL associado aos alimentos é composto por 11 gêneros: 

Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc, 

Oenococcus, Pediococcus, Streptococcus, Vagococcus e Weissela (VRIES et al., 2006). Por 

isso é importante realizar a correta diferenciação entre o microrganismos adicionado ao 

produto com outros que podem estar presentes naturalmente na matriz cárnea. Métodos 

moleculares já tem sido utilizados para detectar a presença de lactobacilos em produtos 

cárneos (RUBIO et al., 2014a; RUBIO et al., 2014b; RUIZ-MOYANO et al., 2011a, RUIZ-

MOYANO et al., 2011b) porém seu uso ainda é limitado.  
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O meio de cultura seletivo para L. plantarum (LPSM) desenvolvido por Bujalance et 

al. (2006) mostrou-se eficaz na correta diferenciação do L. plantarum de outras BAL 

presentes nos embutidos fermentados. Foi possível observar que o L. plantarum quando 

adicionado tanto na forma livre como encapsulado nas cápsulas de alginato sobreviveram bem 

durante o processamento dos embutidos fermentados. No entanto, as contagens de L. 

plantarum nos tratamentos Cwo e Cwow foram inferiores a 2 log UFC/g no início do 

processamento. Os valores de L. plantarum oscilaram durante o processamento e 

armazenamento, e após 60 dias de armazenamento todos os tratamentos, com exceção do Cc, 

apresentaram contagens de L. plantarum superiores a 7 log UFC/g. Estes resultados, reiteram 

a importância da enumeração seletiva dos probióticos no alimento, uma vez que no tratamento 

Cc as contagens de BAL foram superiores a 6 log UFC/g porém a contagem de L. plantarum 

foi inferior ao limite necessário para um alimento ser considerado probiótico. Em relação às 

contagens de Enterobacteriaceae, os valores encontrados ao final do processamento e do 

armazenamento são considerados adequados para este tipo de produto cárneo. 

A oxidação lipídica dos embutidos fermentados foi analisada apenas durante o período 

de armazenamento dos produtos. Foi possível constatar que a oxidação lipídica aumentou 

durante o período de armazenamento em todos os tratamentos. A partir do 35º dia de 

armazenamento, altos teores de oxidação lipídica foram encontrados nos tratamentos Cwo e 

Cwow, indicando que a adição de emulsão nos produtos aumenta a oxidação lipídica. Estes 

valores também foram observados ao final do armazenamento e são devido principalmente a 

dois fatores: a maior quantidade de gordura encontrada nestes produtos e a presença do azeite 

de oliva que é mais susceptível à oxidação lipídica. Produtos cárneos com valores superiores a 

1mg de malonaldeído por kg de amostra sugerem o início da percepção pelos consumidores 

das alterações sensoriais provocadas pela oxidação lipídica (AHMAD & SRIVASTAVE, 

2007). Nesse contexto, os tratamentos Cwo e Cwow apresentaram valores superiores a este 

limiar aos 60 dias de armazenamento. 

Em relação à avaliação sensorial, não foram encontradas diferenças entre os 

tratamentos para os atributos aparência e odor. Para os quesitos sabor, dureza, textura e 

aceitação geral, apenas o tratamento Cwo apresentou valores inferiores ao tratamento Cc. Para 

o atributo cor, todos os tratamentos apresentaram altas notas (entre 6,74 e 8,11), o que reitera 

a questão que todos os tratamentos apresentaram a cor tradicional de embutidos fermentados. 

Resultados similares já foram descritos por Bagdatli & Kudakci (2015), que encontraram 

médias de aparência, cor, sabor, aroma, textura e aceitação geral maiores que 7 (em uma 
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escala de 9 pontos) em embutidos fermentados probióticos ao final de 14 dias de fermentação. 

Ainda, Muthukumurasamy & Holley (2006) relata que a adição de probióticos encapsulados 

tanto pelas técnicas de extrusão como emulsão não provocam alterações sensoriais em 

embutidos fermentados.  
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4 CONCLUSÕES 

 

 O presente estudo mostrou que a encapsulação de L. plantarum e E. faecium através da 

técnica de extrusão produziu cápsulas esféricas, de coloração branca, com tamanho de 

aproximadamente 3 mm. A eficiência de encapsulação foi superior a 80%. Ainda, a 

encapsulação dos probióticos se mostrou eficaz contra condições adversas de processamento. 

A encapsulação foi eficaz para proteger e manter as contagens de L. plantarum e E. 

faecium superiores a 6 log UFC/g após 30 e 20 minutos a 70 ºC, respectivamente, enquanto 

que a 80 ºC, a encapsulação manteve as contagens superiores a 6 log UFC/g após 10 e 5 

minutos, respectivamente. Ainda, a encapsulação protegeu os probióticos à altos níveis de 

cloreto de sódio, nitrito de sódio e pelo período de armazenamento de 70 dias a 4 ºC. 

A encapsulação de L. plantarum através de técnicas como extrusão, emulsão simples e 

emulsão dupla se mostrou uma alternativa para a incorporação de probióticos à um produto 

cárneo fermentado. Apesar das diferenças entre os tratamentos, as características físico-

químicas (perda de peso, pH e Aa) e cor dos embutidos foram consideradas normais para este 

tipo de produto. Na avaliação sensorial, todos os produtos apresentaram boas notas, com 

exceção para o tratamento Cwo que apresentou notas inferiores ao controle nos quesitos 

sabor, dureza, textura e aceitação geral.  

Em relação às características microbiológicas, os valores de microrganismos aeróbios 

mesófilos e bactérias ácido láticas foram semelhantes nos tratamentos sem e com a adição do 

probiótico. No entanto, a contagem seletiva de L. plantarum (LPSM) mostrou a necessidade 

de diferenciação entre as bactérias acido láticas presentes no produto das bactérias 

adicionadas intencionalmente. Nesse contexto, as contagens de L. plantarum nos tratamentos 

com adição de L. plantarum livre ou encapsulado foram aproximadamente 4 log UFC/g 

superiores ao tratamento controle. Ao final do período de armazenamento (60 dias), todos os 

tratamentos com adição de L. plantarum apresentaram contagens seletivas do probiótico 

superiores a 6 log UFC/g. Porém, apenas o tratamento Calg apresentou estes níveis durante 

todo o processamento e armazenamento. A adição de L. plantarum encapsulado através das 

técnicas de emulsão simples e emulsão dupla fez com que os produtos cárneos apresentassem 

maiores níveis de oxidação lipídica durante o armazenamento. Nesse contexto, a encapsulação 

de L. plantarum em cápsulas de alginato apresenta melhores resultados quando adicionados 

em embutido cárneo fermentado.  
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Os resultados encontrados neste trabalho são promissores do ponto de vista de 

encapsulação dos probióticos e sua adição em produtos cárneos. Novos estudos serão 

realizados do ponto de vista de avaliar o uso de diversos óleos no preparo de emulsões para 

encapsular diversos microrganismos probióticos e aplicá-los em produtos cárneos.  
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ANEXO A - Carta de avaliação dos orientadores do doutorado sanduíche no exterior. 
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