UNIVERSIDADE FEDERAL DE SANTA MARIA
CENTRO DE CIENCIAS RURAIS
PROGRAMA DE POS-GRADUACAO EM CIENCIA E TECNOLOGIA DOS
ALIMENTOS

Franciele Pozzebon Pivetta

DESENVOLVIMENTO E CARACTERIZACAO DE REQUEIJAO
FUNCIONAL

Santa Maria, RS
2019.



Franciele Pozzebon Pivetta

DESENVOLVIMENTO E CARACTERIZACAO DE REQUEIJAO FUNCIONAL

Tese apresentada ao Curso de Pos-Graduacao
em Ciéncia e Tecnologia dos Alimentos
(PPGCTA), da Universidade Federal de Santa
Maria (UFSM, RS), como requisito parcial
para obtencdo do titulo de Doutora em
Ciéncia e Tecnologia dos Alimentos.

Orientadora: Profd. Dra. Neila Silvia Pereira dos Santos Richards

Santa Maria, RS
2019



Pivetta, Franciele Pozzebon
Desenvolvimento e Caracterizacdo de Requeijéo
Funcional / Franciele Pozzebon Pivetta.- 2019.
75 p.; 30 cm

Orientadora: Neila Silvia Pereira dos Santos Richards

Tese (doutorado) - Universidade Federal de Santa
Maria, Centro de Ciéncias Rurais, Programa de Pés
Graduacdo em Ciéncia e Tecnologia dos Alimentos, RS, 2019

1. Produto lacteo 2. Teor reduzido de gordura 3.
Probidético 4. Biomassa de banana verde I. Richards, Neila
Silvia Pereira dos Santos II. Titulo.

Sistema de geracdo automdtica de ficha catalografica da UFSM. Dados fornecidos pelc
autor(a). Scb supervisdo da Diregdo da Divisdo de Processos Técnicos da Biblioteca
Central. Bibliotecdria responsdvel Paula Schoenfeldt Patta CRB 10/1728.




Franciele Pozzebon Pivetia

DESENVOLVIMENTO E CARACTERIZACAO DE REQUEIJAQ
FUNCIONAL

Tese apresentada ao Curso de Pos-
Graduagioe em Ciéncia e Tecnologia dos
Alimentos (PPGCTA), da Universidade
Federal de Santa Maria (UFSM, RS),
como requisito parcial para obtengdo do
titulo de Doutora em Ciéncia e
Tecnologia dos Alimentos.

Aprovado em 09 de setembro de 2019.

K@Qj\d«fx/\ dy—

Neila Silvia Pe}'@_gos/ Santos Richards, Dra. (UFSM)

Ana I_fv'?éia Freitas Saccol, Dr]. (UFN)

— N
= — 2 7=

Ivo Mottin Demijatg, Dr. (UEPG)

Osmar Damian Prestes, Dr. (UFSM)
\[{Jw, dﬂﬁl 5-4)1&;9
Vandré Barbosa Brido, Dr. (UPF)

Santa Maria, RS, 2019,




DEDICATORIA

Dedico este trabalho a todos aqueles que
contribuiram para sua realizacé@o, em especial, a
minha amiga e colega Maritiele Naissinger da
Silva que sempre me apoiou e motivou ao longo
desta jornada.



AGRADECIMENTOS

Agradec¢o de uma maneira especial:

- a minha orientadora Neila pela oportunidade concedida, compreensdo e pela confianca em

mim depositada, grata pela orientacao;
- a0s meus pais, Janice e Vicente, e minha irma, Aruana, por todo amor verdadeiro, apoio e
por acreditarem na minha capacidade. Tudo que conquistei até aqui foi gracas a base e ao apoio

recebido de vocés;

- as colegas e amigas, Maritiele e Bruna, por toda ajuda, apoio, companheirismo e troca de

conhecimento durante este periodo, sem vocés ndo conseguiria finalizar esta etapa com éxito.

- ao Fernando pelas incansaveis caronas e por ser esta pessoa tdo especial em minha vida.

- aos meus colegas do grupo de pesquisa pela convivéncia e ajuda prestada.

-a0s meus colegas de trabalho do Instituto Federal de Santa Catarina — Campus Xanxeré pelo

apoio e compreensao.

- aos servidores do Departamento de Tecnologia e Ciéncia dos Alimentos por contribuirem

pela conquista desse titulo;

Enfim, agradeco a todos que, de alguma forma, contribuiram para a realizagéo deste estudo.

Muito Obrigadal!



EPIGRAFE

A intermiténcia do sonho é que nos permite

suportar dias de trabalho.

(Pablo Neruda)



RESUMO
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FUNCIONAL

AUTORA: FRANCIELE POZZEBON PIVETTA
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O Requeijao é um queijo obtido da fusdo da massa coalhada, a qual pode ser obtida por coagulacdo
acida ou enzimatica do leite, opcionalmente adicionada de nata de leite e/ou manteiga e/ou gordura anidra de
leite ou butter oil e podera ser adicionada de condimentos, especiarias e outras substancias alimenticias. Devido
a vasta gama de possibilidades de adi¢Bes no requeijdo e o aumento da procura pelos consumidores por produtos
lacteos que tragam beneficios a saide além de suas fungdes nutricionais bésicas, cada vez mais se procura
substituir componentes ndo desejaveis como a gordura por outros que tragam beneficios como a biomassa de
banana verde (fonte de amido resistente) e também a adi¢éo de substancias funcionais como culturas probi6ticas.
Portanto, de maneira geral, este estudo teve como objetivo desenvolver requeijdes funcionais com adi¢do de
probidticos e teor reduzido de gordura, bem como estudar a influéncia da adicdo desses ingredientes/substancias
sobre as caracteristicas tecnoldgicas, fisico-quimicas, microbiolégicas, funcionais e sensoriais dos requeijdes. Os
requeijbes elaborados incluiram adicdo de Lactobacillus acidophilus encapsulado como fonte probidtica e
biomassa de banana verde como substituto parcial de gordura, totalizando quatro tratamentos e um controle.
Foram realizadas analises para avaliar a viabilidade probidtica, condigdes microbioldgicas, composicao
centesimal, atividade de 4gua, amido resistente, cor, perfil de textura, perfil lipidico e aceitabilidade sensorial. As
formulacdes apresentaram contagem de probidticos satisfatéria (8 a 10 log UFC.g™) durante os 45 dias de
armazenamento e na simulacdo gastrointestinal. A adicdo da biomassa de banana verde e a reducdo da gordura
proporcionaram alteragdes na composicdo centesimal dos requeijdes, sendo que tiveram seus teores de umidade
aumentados e proteina diminuidos, sendo que apenas uma formulacdo pode ser considera como baixo teor de
gordura. A coloracdo branca amarelada das formulagdes foi alterada em fungdo da composicdo bem como os
parametros de textura, sendo que os tratamentos com maior percentual de biomassa de banana verde foram os
que apresentaram maiores alteragdes. Por fim, os resultados indicam que a biomassa de banana verde e
Lactobacillus acidophillus encapsulado podem ser uma op¢do potencial como ingredientes a serem utilizados na
formulacdo de requeijdo cremoso pelas inddstrias de laticinios, pois 0s mesmos apresentaram comportamento
satisfatorio como substituto parcial de gordura e de viabilidade probi6tica, respectivamente, conferindo um valor
nutricional e funcional diferenciado a este produto.

Palavras-chave: Derivado lacteo. Biomassa de banana verde. Lactobacillus acidophilus.
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Requeijdo processed cheese is a product obtained from melting the curd, which can be obtained by acid
or enzymatic coagulation of milk, optionally added with cream and/or butter and/or anhydrous milk fat or butter
oil and may be added with condiments, spices and other food substances. Due to the wide range of possibilities
for adding requeijdo and increased consumer demand for dairy products that have health benefits beyond their
basic nutritional functions, it is increasingly looking to replace undesirable components such as fat with others
that bring benefits such as green banana biomass (source of resistant starch) and also the addition of functional
substances such as probiotic crops. Therefore, in general, this study aimed to develop functional requeijdo with
probiotic addition and reduced fat content, as well as to study the influence of the addition of these ingredients /
substances on the technological, physicochemical, microbiological, functional and sensory characteristics of
requeijdo. The elaborated requeijdo included the addition of encapsulated Lactobacillus acidophilus as a
probiotic source and green banana biomass as a partial fat substitute, totaling four treatments and one control.
Analyzes were performed to evaluate probiotic viability, microbiological conditions, centesimal composition,
water activity, resistant starch, color, texture profile, lipid profile and sensory acceptability. The formulations
presented satisfactory probiotic count (8 to 10 log CFU.g™) during the 45 days of storage and gastrointestinal
simulation. The addition of green banana biomass and the reduction in fat resulted in changes in the centesimal
composition of the requeijéo, and their moisture and protein content decreased, and only one formulation can be
considered as low fat. The yellowish white color of the formulations was altered according to the composition as
well as the texture parameters, and the treatments with the highest percentage of green banana biomass presented
the greatest alterations. Finally, the results indicate that green banana biomass and encapsulated Lactobacillus
acidophilus may be a potential option as ingredients to be used in the formulation of requeijao cremoso by the
dairy industry, as they showed satisfactory behavior as a partial fat substitute and viability probiotics,
respectively, conferring a different nutritional and functional value to this product.

Keywords: Dairy derivative. Green Banana biomass. Lactobacillus acidophilus.
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1 INTRODUCAO

O conceito de qualidade de vida esta relacionado a autoestima e ao bem-estar pessoal e
abrange uma série de aspectos dentre eles o estado de salde, o estilo de vida, incluindo os
cuidados com a alimentacdo e o equilibrio nutricional (MALTA et al., 2013).

Assim, os consumidores estdo a procura de alimentos que, além de satisfazer a suas
necessidades em calorias e fornecer os nutrientes necessarios, sejam capazes de reduzir o
risco do desenvolvimento de doencas cronicas nao transmissiveis e que promovam o bem-
estar fisico e mental (NOBRE et al., 2014).

Alguns estudos demostram que a relagdo entre os habitos alimentares e a salde tem
levado as industrias alimenticias a desenvolverem produtos mais saudaveis e que apresentem
nutrientes basicos a saude humana (FARIAS et al., 2016). Por isso, a tendéncia de uso de
ingredientes que proporcionam sabor e que fornecam base para uma alimentacdo saudavel,
olhando para além do equilibrio da dieta, sabores que apoiam a sadde do intestino (MINTEL,
2019).

Os lacteos funcionais sdo os produtos que totalizam uma consideravel porcentagem de
vendas desse setor e emergem como representantes desse movimento de inovagdo (MERCES
et al., 2013). Como os adicionados de microrganismos probidticos, que apresentam elevado
valor comercial, e muitos estabelecimentos industriais desenvolvem produtos tendo a
promocdo da salde como estratégia de propaganda (ALVES et al., 2011).

Outra fonte de estudos é a banana (Musa spp.) verde que esta entre a grande variedade
de alimentos que possui beneficios comprovados a saude humana (ZANDONADI, 2009). A
adicdo de amido resistente proveniente de banana verde apresenta-se como alternativa a
interacdo entre probidtico e prebidtico, promovendo uma vantagem competitiva para o
probidtico se este for consumido juntamente com o prebidtico (CHONG; NOOR, 2010).

Com a intencdo de atender essa nova tendéncia de produtos, esse estudo, de maneira
geral, teve como objetivo desenvolver requeijées funcionais com cultura probiotica
(Lactobacillus acidophilus) encapsulada e utilizar biomassa de banana verde como substituto
parcial de gordura, bem como estudar a influéncia da adi¢do desses ingredientes/substancias
sobre as caracteristicas tecnologicas, fisico-quimicas, microbioldgicas, funcionais e sensoriais

dos requeijoes.
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2 REVISAO DE LITERATURA

2.1 REQUEIJAO

O leite € um produto largamente consumido no Brasil e no mundo devido a sua rica
composicdo em nutrientes e sua extensa escala de derivados, dentre eles destaca-se o
requeijdo, um produto genuinamente brasileiro que vem ganhando forca no mercado
consumidor (DAL CASTEL et al., 2017).

O requeijdo é um produto que pertence a classe de queijos processados ou fundidos. E
amplamente consumido por diversas classes sociais e por pessoas de todas as idades. O inicio
da tecnologia dos queijos processados deu-se no comeco do século XX, com a necessidade de
deter os processos microbianos e enzimaticos nos queijos suicos e alemdes, de modo a
facilitar as exportacGes para paises de clima quente (GARRUTI et al., 2003).

O requeijdo é originario de fabricacdes caseiras provenientes da época em que a
manteiga era o derivado mais valorizado do leite. O requeijao surgiu como um subproduto
elaborado a partir de leite desnatado, na época considerado descarte, das regides produtoras de
nata para a fabricagdo de manteiga (VAN DENDER, 2014).

De origem nacional, o requeijdo é fabricado em diferentes partes do Brasil, e
popularizou-se a partir da década de 80. Sendo usado para passar em pdes, torradas e biscoitos
e também utilizado pelas redes de fast-food, restaurante, cozinhas industriais, industrias de
alimentos congelados e semi-prontos (GOMES; PENNA, 2010). Com relacéo as variedades ja
existentes de requeijoes no mercado brasileiro, destacam-se 0s requeijoes tradicionais, cujo
teor de gordura varia entre 20% e 25%; requeijdes light, com teores de gordura entre 10% e
14%; requeijoes light com adicdo de fibras; requeijoes sem adi¢do de gordura; e requeijoes
diferenciados, com frutas, ervas finas e com sabores de azeitona, peito de peru, salméo,
parmesao, provolone, gorgonzola, cheddar, entre outros (VIEIRA et al., 2014). O produto
também é encontrado no mercado com diversos teores de umidade, do cremoso até o firme,
possivel de ser cortado em fatias (GAINO et al., 2012).

Segundo a legislagdao brasileira “Requeijado ¢ o produto obtido da fusdo da massa
coalhada, cozida ou ndo, dessorada e lavada, obtida por coagulacdo &cida e/ou enzimatica do
leite opcionalmente adicionada de creme de leite e/ou manteiga e/ou gordura anidra de leite
ou butter oil. O produto poderd estar adicionado de condimentos, especiarias e outras
substancias alimenticias” (BRASIL, 1997).
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Como a maioria dos queijos processados, contém altos niveis de gorduras e sodio
(FOULADKHAH; BERLIN; BRUNTZ, 2015). Cada vez mais, 0s programas de
conscientizacdo a saude informam os consumidores dos efeitos negativos de varios
ingredientes, incluindo gordura, sal e acucar (BRITTON et al., 2013).

Numerosas questdes estdo associadas a redugdo destes ingredientes no queijo,
incluindo alteracdo da composicdo, glicolise, protedlise primaria, textura, atributos sensoriais
e de qualidade (MC CARTHY et al., 2016).

Portanto, recentemente, pesquisas tém se preocupado com produtos a base de queijo
com baixo teor de gordura, com a inclusdo de diferentes substitutos de gordura para obter um
produto com textura, sabor e propriedades funcionais (FERRAO et al., 2016).

2.2 SUBSTITUTOS DE GORDURA

A ingestédo excessiva de gordura na dieta pode contribuir para a incidéncia de algumas
doengas, como doencas cardiovasculares, obesidade e diabetes (NAGAI; UYAMA,; KAJI,
2013). Devido a estes motivos de salde e aos padrdes estéticos, muitos grupos internacionais
de especialistas recomendam uma reducdo na ingestdo de gordura nas dietas e,
consequentemente, 0s consumidores aumentam sua busca por queijos com pouca e/ou baixa
gordura (O"CONNOR; O'BRIEN, 2011).

A gordura atua de diferentes formas nos alimentos, contribuindo no sabor, aroma,
suculéncia, maciez e cremosidade (DIAMANTINO; PENNA, 2011). No entanto a retira da
gordura nas preparacfes acarreta perdas na qualidade tecnoldgica e sensorial, o que leva a
indUstria a aperfeigoar os estudos nesta area, a fim de utilizar ingredientes com caracteristicas
semelhantes aos da gordura e aumentar a aceitabilidade do produto modificado
(O'SULLIVAN, 2015).

As principais estratégias utilizadas sdo modificacdes tecnologicas do processo de
fabricacdo, o uso de culturas adjuntas, de enzimas e de substitutos de gordura (JOHNSON et
al., 2009). Os substitutos de gordura sdo tecnicamente divididos em carboidratos, incluindo
produtos a base de fibra, proteinas modificadas, que possuam boas propriedades
emulsificantes ou gelificantes, aliadas ao baixo valor energético, e também sdo usadas
gorduras naturais, menos caloricas e as sintéticas (DIAMANTINO; PENNA, 2011).

Embora existam substitutos de gordura produzidos industrialmente, 0s naturais estéo
ganhando forga, tornando-se tendéncia em virtude de o consumidor estar preocupado com a
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satde, como é o caso dos aditivos alimentares, onde os consumidores preferem produtos com
aditivos naturais ao inves dos sintéticos (CAROCHO; MORALES; FERREIRA, 2015).

Neste sentido, a incorporacdo de microrganismos probidticos e ingredientes
prebidticos como adjuntos dietéticos em diferentes produtos lacteos tém reforcado suas
propriedades funcionais, resultando em aumento no consumo, além de excelentes
caracteristicas sensoriais (CARDOSO; LIVERA, 2011).

Dessa forma, os consumidores buscam adquirir produtos com teor reduzido de
gordura, com ingredientes funcionais (prebidticos e probi6ticos), tanto para a perda de peso

quanto para a assisténcia a satide (FERRAO et al., 2016).

2.3 ALIMENTOS FUNCIONAIS

Os alimentos funcionais fazem parte de uma nova concepgdo de alimentos, e foram
lancados pelo Japédo na década de 80 através de um programa de governo. O objetivo deste
programa era desenvolver alimentos saudaveis para uma populacdo que envelhecia e
apresentava uma grande expectativa de vida (COLLI, 1998).

O aumento da incidéncia de doencas cronico degenerativas tem tornado a populacéo
mais consciente da relacdo entre alimentacdo e salde. Em decorréncia disso, cresce a
demanda por produtos funcionais, capazes de promover melhoria na qualidade de vida pela
diminuicdo da incidéncia de alguns quadros clinicos (ZAKIR; FREITAS, 2015).

Os alimentos funcionais sdo definidos como ‘“‘alimentos naturais ou processados que
contém compostos biologicamente ativos conhecidos que, quando dosados qualitativamente e
guantitativamente, fornecem beneficios a saude, clinicamente comprovados e documentados,
sendo assim, uma importante fonte na prevencao, gestdo e tratamento de doencas crénicas ndo
transmissiveis da era moderna” (DI BARTOLOMEO et al., 2013).

Em linhas gerais, os alimentos funcionais podem ser definidos como alimentos que
fornecem beneficios a salde além de seus beneficios nutricionais (RAMCHANDRAN;
SHAH, 2010).

E estimado que 60% a 70% do mercado de alimentos funcionais seja dominado pelos
produtos probioticos. O sucesso desses produtos € significativo e pode ser observado pela
grande variedade existente, dentre eles leites fermentados, sorvetes, varios tipos de queijos,
alimentos para bebés, leite em po, creme de leite e soro de leite coalhado. Pode-se observar o
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predominio dos produtos de base lactea disponiveis contendo microrganismos probidticos
(TRIPATHI; GIRI, 2014).

Os laticinios merecem destaque, dentre os alimentos funcionais, visto que 0s
consumidores ja estdo familiarizados com o fato de que essas formulagcdes apresentam
bactérias benéficas a saude, facilitando o consumo de probiodticos. Além disso, possuem
ingredientes inovadores e sistemas tecnoldgicos aplicados na industria lactea ja adaptados e

otimizados a sobrevivéncia dos probioticos (VIDIGAL et al., 2012).

2.3.1 Probiéticos

A Organiza¢ao Mundial de Satde define probidticos como “microrganismos vivos que
quando administrados em quantidades adequadas conferem beneficios a saude do hospedeiro”
(FAO/OMS, 2006).

De maneira geral, os beneficios atribuidos aos probidticos sdo o reestabelecimento e
balanco da microbiota intestinal apds antibioticoterapia, aumento da concentracdo de &cidos
graxos de cadeia curta (acetato, propionato e butirato), producédo de acido linoleico conjugado
(CLA), acdo bactericida contra microrganismos patogénicos, modulacdo do sistema imune,
maior digestibilidade da lactose em individuos intolerantes, reducdo do risco de disturbios
intestinais, aumento da biodisponibilidade de nutrientes, atividade anti-carcinogénica,
controle da pressdo arterial, diminuicdo do risco de doencas atdpicas e alérgicas, reducdo da
atividade ulcerativa de Helicobacter pylori e controle da colite induzida por rotavirus e por
Clostridium difficile (SAAD et al., 2013).

Para uma bactéria probiética fornecer beneficios a saude humana, deve cumprir alguns
critérios. O microrganismo deve ser adequado para a producgdo industrial, deve possuir
capacidade de sobrevivéncia e conservar sua funcionalidade durante o processamento e
estocagem do produto, até o término do seu prazo de validade, sem promover o
desenvolvimento de textura e sabores desagradaveis (GRANATO et al, 2010). Deve também
sobreviver a passagem do trato gastrintestinal superior, chegando viavel ao seu local de
atuacdo, sendo capaz de exercer suas fungdes neste ambiente (TRIPATHI; GIRI, 2014).

Para que os probidticos cheguem viaveis e em quantidade satisfatdria ao intestino,
inicialmente, os microrganismos devem resistir as condi¢fes adversas do estdmago. O suco

gastrico é geralmente a mais forte barreira para os microrganismos probidticos, visto que,
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possui pepsina, enzima proteolitica com atividade antimicrobiana, e possui pH &cido
(SCHELL; BEERMANN, 2014).

Como as condi¢des normais de pH e o tempo de residéncia em sucos gastricos nao
estdo totalmente elucidados, sdo relevantes estudos sobre a resisténcia dos probidticos a
solucBes acidas com valores de pH variando de 2,0 até 4,0, durante tempo de 20 a 180
minutos. A sobrevivéncia durante as condigdes gastricas simuladas depende da extensédo da
neutralizacdo do acido cloridrico pelo alimento, conferindo uma protecéo fisica as bactérias.
Portanto, € importante a simulacéo das condi¢des gastricas para que ocorra a selecdo de uma
matriz alimentar adequada, que contribua para a sobrevivéncia de quantidades adequadas do
probidtico no trato intestinal humano, promovendo beneficios ao hospedeiro (XIE et al.,
2012).

A ingestdo diaria deve ser proxima de 8 log UFC.g™, com o objetivo de compensar a
possivel reducdo no nimero de microrganismos probidticos durante a passagem atraves do
intestino a qual deve chegar a um nivel minimo de log 6 UFC.g™" (GRANATO et al., 2010).
Outro estudo recomenda que alimentos contendo bactéria probioticas devem possuir pelo
menos 6 log UFC.g™ na data final de validade para ter efeitos terapéuticos (MANOJLOVIC
et al., 2010). Os dois géneros mais populares que geralmente sdo adicionados a produtos
alimenticios s&o Bifidobacterium e Lactobacillus (CORONA-HERNANDEZ et al., 2013).

No Brasil, 0 uso de probitdticos em alimentos requer prévia avaliacdo da Agéncia
Nacional de Vigilancia Sanitaria (ANVISA). Segundo requisitos da Resolucdo RDC Anvisa
n°® 241, de 27 de julho de 2018 , a avaliacdo contempla trés elementos principais,
comprovacao inequivoca da identidade da linhagem do microrganismo, de sua seguranca e de
seu efeito benéfico (ANVISA, 2019).

Oito linhagens de microrganismos probidticos atenderam aos critérios e foram
avaliadas para fim de inclusdo na lista de probidticos autorizados para uso em suplementos
alimentares, sdo eles: Bacillus coagulans GBI-30, Bifidobacterium lactis HNO19,
Bifidobacterium lactis BL-04, Lactobacillus acidophilus LA-14, Lactobacillus acidophilus
NCFM, Lactobacillus casei LC-11, Lactobacillus paracasei LPC-37 e Lactobacillus reuteri
DSM 17938 (ANVISA, 2017).

Os Lactobacillus, género ao qual pertence a maior parte dos microrganismos
considerados probioticos, tém como caracteristica serem gram-positivos, ndo esporulados,
desprovidos de citocromos e catalase negativa (TEIXEIRA, 2012). Sdo anaerdbios

facultativos ou microaerdfilos, encontrados nas formas de bastonetes ou coco bacilos em
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ambientes onde ha carboidratos disponiveis para seu metabolismo fermentativo, como
alimentos e mucosas de animais (COUSIN et al., 2015).

O Lactobacillus acidophilus tem sido amplamente relatado como um importante
componente benéfico da microbiota no trato humano e é amplamente utilizado como
probiotico (SHAO et al., 2017). Possuem temperatura étima para o crescimento de 40 - 42 °C,
e uma grande perda de viabilidade ocorre quando a temperatura é superior a 45 °C
(TRIPATHI; GIRI, 2014).

Segundo Ferreira (2012) para o emprego de bactérias probidticas em produtos lacteos
ou ndo lacteos, é necessario saber qual é a melhor estirpe a ser utilizada e o processamento
desses produtos, para isso, alguns fatores podem ser citados para o direcionamento da escolha
da estirpe, sdo eles: adequacdo da cultura levando em conta o publico-alvo:
crianca/adulto/idoso; funcionalidade esperada, nicho ecoldgico da espécie, relacionada ao
intestino grosso/delgado; sobrevivéncia na matriz alimentar; produgdo de &cido na taxa
esperada, ou ser carreada na forma concentrada; auséncia de alteragdo do sabor e textura
caracteristicos do produto; tolerancia a acidez do produto e as rapidas alteraces de pH apds a
ingestdo; tolerancia as concentracdes de bile e a presenca de outras secre¢des intestinais.

Para melhorar a estabilidade de microrganismos probidticos em um produto, como
também aumentar a sobrevivéncia destes durante a passagem pelo trato gastrintestinal, tem

sido utilizado técnicas de encapsulacdo (PINTO et al, 2015).

2.3.1.1 Encapsulacéo

A microencapsulacdo € uma tecnologia de micro empacotamento que usa
revestimentos de polimero fino para envolver goticulas de material liquido, sélido ou gasoso,
sendo usada principalmente para proteger o material encapsulado de condi¢Oes adversas
(SHOJI et al.,2013).

As tecnologias de microencapsulacédo foram desenvolvidas e aplicadas de forma eficaz
para proteger as bactérias probioticas de danos causados pelo meio externo em situacoes
como processamento (altas temperaturas), armazenamento (matriz alimenticia, tempo de vida
de prateleira), embalagem (temperatura, oxigénio, umidade) e degradacdo na regido
gastrointestinal (o baixo pH no estbmago e o sal biliar no intestino delgado) (MOROEANU et
al., 2015).
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A selecdo de materiais de capsula, bem como as tecnologias adotadas na fabricacdo de
microcépsulas probioticas adaptadas, é de suma importancia, pois reflete estritamente a
morfologia final e as propriedades funcionais das capsulas (PRISCO; MAURIELLO, 2015).

Existem muitas técnicas de microencapsulacdo que tém sido utilizadas com
probioticos, tais como emulsdo, extrusdo, secagem por pulverizacdo, liofilizacéo,
coacervacao, revestimento em leito fluidizado e separacdo de fases (RAJAM et al., 2012).

Na técnica de extruséo, as capsulas com microrganismos sdo formadas quando uma
solucdo de hidrocoloide, alginato de sodio, é gotejada sobre uma solucdo de endurecimento,
cloreto de célcio (MARTIN et al., 2015). Geralmente este processo produz capsulas com
tamanho variando entre 500 pm a 3 mm (BUREY et al., 2008).

A microencapsulacdo via alginato de célcio tem sido amplamente utilizada para a
imobilizacéo de bactérias acido lacticas devido a sua simplicidade de manuseio, sua natureza
ndo toxica e seu baixo custo (MIRZAEI et al., 2012).

O alginato de sodio é um dos polimeros mais utilizados como material encapsulante,
pois forma uma matriz altamente versatil, biocompativel e ndo toxica para a protecdo de
principios ativos, especialmente microrganismos probidticos e células sensiveis ao calor, pH,
oxigénio dissolvido, entre outros fatores em que os alimentos sdo expostos durante o
processamento e armazenamento (PASIN et al., 2012).

Em comparagdo com a cultura livre tradicional, as vantagens da cultura encapsulada
foram extensivamente relatadas, tais como protecdo de células contra ambientes hostis e,
aumento da viabilidade e estabilidade das células enquanto sdo cultivadas ou armazenadas
(DAFE et al, 2017). E também melhora a taxa de sobrevivéncia no ambiente gastrointestinal
(GUL; DERVISOGLU, 2016).

2.3.2 Prebioticos

A adicdo de prebioticos aos produtos lacteos pode resultar em um produto com
beneficios para os consumidores, por propiciar o estimulo a bactérias benéficas presentes no
intestino. Outros beneficios advém da possibilidade de resultarem em produtos com baixo
valor caldrico, com a opcdo de substituicdo parcial ou total da gordura ou do agucar presente
(OLIVEIRA et al., 2009).

Prebidtico foi definido pela primeira vez em 1995 como “ingrediente alimentar nao

digerivel que afeta o hospedeiro beneficamente, estimulando seletivamente o crescimento
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e/ou atividade de um numero limitado de bactérias no colon, e assim, melhorando a satde do
hospedeiro” (GIBSON; ROBERFROID, 1995).

Esta definicdo foi atualizada e prebidtico ¢ definido como “um ingrediente
fermentado seletivamente que permite alteracdes especificas, na composicao e/ou na atividade
da microbiota gastrointestinal que confere beneficios sobre o bem-estar e saude do
hospedeiro” (SAAD et al., 2013).

Para um ingrediente alimentar ser classificado como prebidtico deve atender os
seguintes critérios: resistir a acidez gastrica, a hidrdlise por enzimas e absorcdo no trato
gastrointestinal; ser fermentado pela microbiota intestinal; estimular o crescimento e/ou
atividade de bactérias intestinais potencialmente associadas a satde e bem estar (SLAVIN,
2013).

A modulacdo da microbiota intestinal pelos prebidticos ocorre em funcéo da presenca
de ligagoes do tipo B (2-1), incapazes de serem quebradas por enzimas digestivas humanas.
Desta forma, os prebidticos chegam intactos ao cdlon e sdo fermentados por microrganismos
intestinais, produzindo dentre outros metabdlitos, lactato, piruvato, e os &cidos graxos de
cadeia curta (AGCC), especialmente o acético, propidnico e o butirico. O decréscimo do pH
ocasionado pela producdo desses metabdlitos leva a inibicdo de bactérias patogénicas e ao
estimulo do crescimento de espécies de géneros benéficos como Lactobacillus e
Bifidobacterium (SCHEID, 2013).

Além disso, a producdo de AGCC pela fermentacdo desses ingredientes prebioticos
acarreta a reducdo da prevaléncia de agentes infecciosos associados a inflamacdes e sindrome
do intestino irritado; protecdo contra o cancer de colon; aumento da biodisponibilidade de
minerais, principalmente célcio, magnésio e o ferro; reducdo do risco de doencas
cardiovasculares e seu papel na sensacdo de saciedade e controle de peso também esta sendo
investigado (MORAIS et al., 2014).

Séo exemplos de ingredientes prebidticos o lactitol, lactulose, polissacarideos, amido
resistente e os oligossacarideos, dentre os quais se destacam os frutanos do tipo FOS (fruto-
oligossacarideos) e inulina (MAGALHAES et al., 2011).

O consumo do amido resistente (AR) varia de um pais para outro, na China o consumo
diario chega até 18 g/dia, na Unido Européia de 3 a 6 g/dia. A SCIRO (Organizacdo de
Pesquisa Cientifica e Industrial da Australia) recomenda o consumo de aproximadamente de
20 g/dia de AR (ORMENESE et al., 2010).



20

A biomassa de banana verde é obtida a partir da coc¢do da banana verde (CARMO,
2015). Entre os principais componentes estd o amido resistente (AR), podendo corresponder
de 55% a 93% do teor de sélidos totais, € as fibras (cerca de 14,5%) (OVANDO-MARTINEZ
et al., 2009). A banana verde é utilizada para enriquecer varias formulacdes devido a estes
componentes prebioticos (VERNAZA et al., 2011).

Amido resistente € um tipo de amido com baixo indice glicémico sendo definido como
amido digerivel no final do trato intestinal humano, com funcéo fisioldgica semelhante a da
fibra alimentar, o que auxilia no transito gastrointestinal, diminui a absorcdo de glicose pos-
prandial e aumenta a saciedade em fungdo do retardo do esvaziamento gastrico (SOUZA,
2017). Além disso, o amido resistente € fermentado por bactérias do intestino grosso e
produzem &cidos graxos de cadeia curta que previnem o desenvolvimento de cancer intestinal
(SILVA et al., 2016).

Por contribuir para a reducdo do indice glicémico, proporciona uma melhor resposta
glicémica e, consequentemente, uma menor liberagdo de insulina, auxiliando na prevencéo e
tratamento do diabetes tipo 2 (MOREIRA et al., 2011). Outros estudos relatam que o amido
resistente da biomassa de banana verde tem sido utilizado em humanos para tratamento de
diarreia aguda e cronica tanto em hospitais como em tratamento domiciliar e tem apresentado
bons resultados e mais rapidos que o tratamento convencional (RABBANI, 2010).

As caracteristicas da biomassa de banana verde, de aroma caracteristico e sabor suave,
permite sua utilizacdo em preparacGes sem interferir no sabor do produto, ainda possui
caracteristica umectante e espessante, as quais proporcionam seu uso como substituto de
gordura, bem como um agente de substituicdo de carboidrato, possibilitando assim o
desenvolvimento de produtos com baixo valor calérico e de caracteristicas sensoriais
aceitaveis (SOUZA, 2017).

A banana € produzida globalmente, sendo um dos oito alimentos mais importantes do
mundo (SEYDOU et al., 2017). A producdo brasileira de banana € quase inteiramente voltada
para 0 mercado interno, o qual representa consumo entre 65% a 70% da producéo, as perdas
pos-colheita sdo de aproximadamente 30% e apenas 2% a 5% sdo exportadas (COLTRO;
KARASKI, 2019).
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Uma das formas de minimizar as perdas da banana seria consumir o fruto ainda verde
na forma de biomassa ou farinha, as quais permitem seu emprego em Varios tipos de
alimentos, melhorando a qualidade nutricional e proporcionando efeitos fisioldgicos ao
organismo (RANIERI; DELANI, 2014).
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Topic Relevance: This study is relevant because it demonstrates that green banana
biomass and encapsulated probiotic microorganisms, may be a potential option as ingredients
to be used in the formulation of requeijdo cremoso processed cheese for dairies, contributing

to fat reduction and adding a functional value to this product, respectively.

BANANA ADDITION OF GREEN BIOMASS AS PARTIAL SUBSTITUTE FOR FAT
AND ENCAPSULATED Lactobacillus acidophilus IN REQUEIJAO CREMOSO

PROCESSED CHEESE

Abstract

This study evaluated the effects of the addition of encapsulated Lactobacillus
acidophilus and green banana biomass on the characteristics of requeijao cremoso processed
cheese during the storage period of 45 days under refrigeration. The elaborated requeijoes
cremosos processed cheeses included addition of encapsulated Lactobacillus acidophilus as
probiotic source, and green banana biomass as partial fat substitute, in a total of five
treatments. Analyses were performed to evaluate probiotic viability, microbiological
conditions, centesimal composition (moisture, fat, fat in dry extract, protein, ashes,
carbohydrates), water activity, resistant starch, colour, texture, lipid profile and sensory
acceptability. The addition of green banana biomass and fat reduction resulted in changes in
the centesimal composition of the cheeses, with their moisture indexes increased and protein
decreased, the F1 formulation was the only one that can be considered as low fat content and
was also the one that presented higher moisture. The yellowish white coloration of the
formulations was altered as a function of the composition as well as the texture parameters,
F1 and F3 treatments presented the greatest changes. Probiotic viability did not differ between

formulations, it only changed over time.
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Practical application: New ingredients/ functional alternative for application in dairy

product.

Keywords: functional foods, fat reduction, dairy derivative.

1 Introduction

The recent decade has witnessed a huge increase in consumer demand for food
products with functional properties, in addition to being a source of essential nutrients and
energy, food products are nowadays fortified with additives to improve human health (Colin-
Cruz et al., 2019).

Various foods have made considerable progress in the market, and in the area of dairy
products, cheese is one of the most versatile, produced throughout the world, it has a diversity
of flavors, textures and shapes, is pleasing to the palate of many people and suitable for any
age group (Weschenfelder et al., 2018).

According to the Technical Regulation for Identification and Quality of Requeijdo, "
requeijdo cremoso processed cheese is the product obtained from the fusion of curd mass,
cooked or uncooked, desorbed and washed, obtained by acid and/or enzymatic coagulation of
the milk, optionally added of milk cream and/or butter and/or anhydrous milk fat or butter oil.
The product may be added with condiments, spices and other food substances” (Brazil, 1997).
Due to its versatility, the Requeijdo Cremoso processed cheese has become one of the focus in
researches on the production of functional and differentiated products (Vieira et al., 2014).

Consumption of green banana products is growing because it’s nutritional and

physiological benefits to human health (Riquette et al., 2019). Green banana is rich in starch
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resistant which is recognized for having positive effects on colon health (Moongngarm et al.,
2014).

Consequently, many studies are being developed to evaluate its technological
properties as a functional ingredient (Bezerra et al., 2013). In addition, it would also be a way
to reduce the waste impacts of the fruits that are suitable for consumption, but are out of
commercial standards.

Green banana biomass, cooked and processed green bananas, are tasteless and
odourless, appear as an option to be used as thickeners, improving nutritional value and
assuming the flavour and aroma of foods prepared with this substance (Oi, Tambourgi and
Moraes Jr, 2012). It can be used in the elaboration of products with reduced lipid and sugar
contents (Freitas and Tavares, 2012).

However, incorporation of probiotic bacteria is being increasingly explored in various
product (Ningtyas et al.,, 2019). Probiotics are incorporated in food products for
supplementing the activity of natural biotic population in the gastrointestinal tract (Célin-Cruz
etal., 2019).

Due to these trends in food products, this study, in general, aims to develop functional
requeijao cremoso processed cheese with reduced fat content by partially replacing them with
green banana biomass and with addition of encapsulated Lactobacillus acidophilus.
Moreover, we also aim at studying the influence of the addition of these components on the
technological, physical-chemical, microbiological, functional and sensory characteristics of

the cheese.

2 Material and methods

Encapsulation probiotic microorganism
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The encapsulation of the probiotic microorganism Lactobacillus acidophilus was
performed using the extrusion technique, following the methodology described by
Krasaekoop et al. (2004).

Production of the requeijdo cremoso processed cheese

For the elaboration of the requeijdo cremoso processed cheese, first, the process of
obtaining the base mass (curd) was carried out using the enzymatic milk coagulation method,
according to the methodology described by Rodrigues (2006). Subsequently, the ingredients
were weighed according to the five formulations described in Table 1, which were defined by
preliminary tests performed with the product. The cheese was then processed according to

Van Dender (2014).

Table 1 — Composition of requeijdo cremoso processed cheese formulations.

Treatments/Formulations

Ingredients (%) F1 F2 F3 F4 F5
Mass (curd) 60 60 60 60 60
Pasteurized cream 10 10 5 5 20
Green banana biomass * 10 5 10 5

Salt 1 1 1 1 1
Molten salt 2 2 2 2 2
Water 20 20 20 20 20
Encapsulated Lactobacillus 10 10 10 10 10
acidophilus

* for each gram of green banana biomass, 1 mL of water was added to each
formulation. The salt and molten salt were calculated on the amount of curd mass and
encapsulated Lactobacillus acidophilus were calculated on the final weight of the ready
product.

The formulations were cooled until 40 °C under aseptic conditions for the addition of

encapsulated Lactobacillus acidophilus. The products were then packed in plastic pots with a

lid and stored under refrigeration at a temperature of 5+ 1 °C.
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Physicochemical analyses

The analyses of the requeijdo cremoso processed cheese were performed at 01, 15, 30
and 45 days. For the physicochemical composition of the product, it was evaluated the
moisture, fat, fat content in dry extract, protein, ash and acidity, according to Normative
Instruction 68/2006 (Brazil, 2006), and carbohydrates and resistant starch, according to
Association of Official Analytical Chemists (AOAC, 2002). AqualLab series 4TE equipment
was used to evaluate the water activity.

The determination of the fatty acid profile of the requeijdo cremoso processed cheese
occurred through extraction, methylation and chromatographic analysis. The extraction of the
lipids from the samples was performed according to the methodology proposed by Hara and
Radin (1978). Methylation was performed according to the methodology proposed by Christie
(1982) and the chromatographic analysis of the samples was performed using an Agilent
Technologies 6890N gas chromatograph equipped with a flame ionization detector (FID),
Split injector and capillary column of fused silica, with the dimensions of 60 m in length, 0.25
mm internal diameter and 0.2 um film thickness. Nitrogen was used as the entrainment gas.
The volume of sample injected was 1 pL. Fatty acids were identified by comparison to
retention times of reference standards. The quantification of fatty acids was determined
according to Visentainer (2012).

Technological analyses

The technological analyses carried out were instrumental texture (hardness,
cohesiveness, adhesiveness and elasticity) through a texture analyser (TA-XT plus: stable
micro systems, Surrey, UK, 10°C) according to the methodology described by Buriti et al.
(2008). Moreover, a Minolta® portable colorimeter (model CM-700d, Konica Minolta,
Osaca, Japan) was used for evaluation of the colour of the requeijdo cremoso processed

cheese and the operating conditions were according to Okpala et al. (2010).
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Microbiological analyses

The enumeration of viable Lactobacillus acidophilus cells were performed at 0 and 45
days, which was done according to the methodology described by Vinderola and Reinheimer
(2000), through the use of MRS agar. The samples were also submitted to hygienic-sanitary
microbiological analyses of total coliforms, thermotolerant coliforms, coagulase positive
Staphylococcus aureus, Salmonella and molds and yeasts according to Normative Instruction
62/2003 (Brazil, 2003).
Sensory analyses

For the sensory analysis, 50 untrained tasters, consumers of requeijao cremoso
processed cheese participated. Acceptance test was performed for the attributes of colour,
aroma, flavour, texture and global acceptance, using a structured hedonic scale of 7 points
according to Lawless and Heymann (2010). The test of purchase intention was performed
with a scale of 5 points. The research was approved by the Ethics and Research Committee of
the Federal University of Santa Maria, under protocol no. 56769116.9.0000.5346.
Statistical analyses

A completely randomized experimental design with factorial 2* was used to evaluate
the effect of the different components used to prepare the requeijdo cremoso processed cheese
on the characteristics of the same, with two independent variables and control treatment,
totalling five treatments and three replicates. The independent variables were the amount
pasteurized cream (fat) and green banana biomass.

The results were analysed through analysis of variance (ANOVA), Kruskal-Wallis and

test for differentiation at the 5% level of significance using BioEstat 5.0 software.

3 Results and Discussion
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Microbiological analyses of hygienic-sanitary quality of the requeijdo cremoso
processed cheese presented satisfactory results, with total coliforms, thermotolerant coliforms,
Coagulase positive Staphylococcus aureus, Salmonella and molds and yeasts were within the
limits established by current legislation (Brazil, 2001) during the 45 days of storage, which
shows that the cheese was made in adequate hygienic-sanitary conditions, thus being safe for
human consumption during this period.

The Lactobacillus acidophilus count during the storage period under refrigeration is

shown in table 2.

Table 2 —Viability of L. acidophilus (log CFU.g™) in requeijdo cremoso processed cheese

formulations stored for 45 days under refrigeration.

Treatments Time (days)
F1 F2 F3 F4 F5 TO T45

8.97+1.26* 8.81+0.89° 8.96+1.03° 8.96+1.02® 8.87+1.04* 9.65+0.20" 8.15+0.08"

Means followed by the same lowercase letter and the same capital letter in the row do not
differ statistically at the 5% probability level by the Kruskal-Wallis test.

F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream and
5% green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4
(5% pasteurized cream and 5% green banana biomass); F5 (control). TO (0 day shelf life); T45
(45 day shelf life).

During this period there was a small reduction in the probiotic viability, approximately
1 log CFU.g™. This is due to the microorganisms being encapsulated, since the capsule
provides protection to the microorganisms of the intrinsic and extrinsic agents.

Therefore, the count was adequate for the product to be called probiotic. The
International Dairy Federation advises that the minimum concentration of probiotic cells
should be 6-7 log CFU.g™ at the end of shelf life of the product (Tripathi and Giri, 2014).

It is also possible to observe that the different compositions of the requeijdo cremoso

processed cheese did not interfere in the probiotic viability, since the formulations did not

present significant difference of viability among themselves, this may have occurred because
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the microorganisms were encapsulated and therefore were not in direct contact with the food
matrix.

The mean values of the centesimal composition (moisture, fat, fat in dry extract,
protein, ashes and carbohydrates), lactic acid and water activity of requeijdo cremoso
processed cheese containing or not green banana biomass and with different fat percentages

are presented in table 3.

Table 3 —Average levels of moisture, fat, fat in DE, protein, ashes, carbohydrate, lactic acid
and water activity content of each formulation/treatment of the requeijdo cremoso processed

cheese during 45 days of storage under refrigeration and average time.

Parameters Average Average storage
formulations times (T2, T15, T30
and T45 days)

F1 67.97+0.34® Tl 65.64+3.75%
F2 65.97+0.24" T15 65.69+2.86

Moisture (%)  F3 69.42+0.63 T30 65.60+3.04%
F4 64.29+0.32 T45 65.49+3.68
F5 60.37+0.92°

F1 11.79+0.45° T1 16.01+4.36°
F2 14.89+0.62" T15 15.96+4.38
Fat (%) F3 12.55+0.91 T30 16.01+4.44°

F4 17.530.24* T45 16.04+4.46°
F5 23.26+0.68°

F1 36.81+1.20° T1 45.95+7.49°
catin F2 43.63+1.65" T15 45.91+8.70°
at In ar

y F3 41.03+2.65° T30 45.90+8.60°

extract (%) )
F4 49.11+0.81° T45 45.66+7.80°%

F5 58.71+2.12°
F1 9.13+0.73° T1 9.75+0.99°
F2 9.57+0.48 T15 9.51+0.75°

Protein (%)
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F3 9.32+0.92° T30 10.39+0.97°
F4 10.47+0.99% T45 9.57+0.82°
F5 10.52+0.43%

F1 2.62+0.54° T1 2.88+0.57°
F2 2.86+0.12° T15 2.97+0.17°
Ashes (%) F3 2.85+0.11° T30 2.84+0.13%
F4 3.20+0.12° T45 2.92+0.23°
F5 2.99+0.13%
F1 8.50+1.10° T1 5.72+2.33°
F2 6.71+0.86% T15 5.87+2.43%
Carbohydrates )
% F3 5.86+1.12 T30 5.16+2.15°
0
F4 451+0.71% T45 5.99+1.96°
F5 2.87+1.18°
F1 0.27+0.08% T1 0.16+0.01°
Lactic acid F2 0.26+0.09° T15 0.21+0.01°
actic acl
(/1000 F3 0.25+0.07° T30 0.30+0.03%
9= F4 0.30+0.12° T45 0.38+0.05°

F5 0.25+0.08

F1 0.991+0.000® T1  0.989+0.00°

F2 0.990+0.002%° T15 0.990+0.001°
Water activity ~ F3  0.992+0.000° T30 0.991+0.001%

F4 0.989+0.001° T45 0.992+0.001°

F5 0.989+0.001°

Means followed by the same letter in the column do not differ statistically from each other at
the 5% level of significance by the Kruskal-Wallis test.

F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream and
5% green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4
(5% pasteurized cream and 5% green banana biomass); F5 (control). T1 (1 day shelf life);
T15 (15 days shelf life); T30 (30 days shelf life); T45 (45 days shelf life).

A maximum content of 65% moisture and minimum of 55% fat in the dry extract
(FDE) is recommended by the official legislation in force for requeijdo cremoso processed
cheese (Brazil, 1997). According to table 2, the samples F4 and F5 (control) are within the

moisture limit and only the F5 within the limit of FDE.
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Treatments that received a higher amount of green banana biomass have a lower fat
and protein content and higher moisture content. This is due to the fact that green banana
biomass was used as a partial substitute of fat, requiring an increase of water in the
formulations due to its water retention capacity, and consequently the addition of these
provided a dilution of the total protein content. The moisture content of the cheese is directly
related to its fat content, so that the lower the fat content, the higher the moisture content of
the product should be (Silva et al., 2012). The moisture content of the requeijdo cremoso
processed cheese is economically important because it increases the yield of the product and
directly influences the texture (Van Dender, 2014).

For this requeijdo cremoso processed cheese to be considered light or with low fat
content, the fat content must be reduced by at least 25%, according to the classification
established by the Technical Regulation regarding complementary nutritional information of
the Ministry of Health (Brazil, 1998). Regarding fat in the dry extract, the lowest value
obtained for this variable was the formulation F1, the only one with a 25% reduction, and
therefore the only one that can be denominated with reduced fat content.

In relation to acidity, there was no significant difference between the treatments, but
there was a significant difference (p<0.05) with respect to the times. The highest values
obtained for the lactic acid/100g were in 30 and 45 days, that is, as time passed, the acidity
increased. The increase in acidity over the storage period can be attributed to the progressive
conversion of lactose to lactic acid by lactic acid bacteria activity (Ahmad et al., 2014).

The addition of green banana biomass provided an increase in water activity, since the
formulations that received a higher percentage of green banana biomass presented higher
water activity, and an increase in water activity was also observed over storage time.

The average amount of resistant starch during the 45 days of storage was 0.670g/100g

in F1, 0.385g/100g in F2, 0.665g/100g in F3, 0.400g/100g in F4 and 0g/100g in F5 (control),
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whereas the formulations that received 10% of green banana biomass (F1 and F3) had the
highest (p<0.05) resistant starch contents. These results are superior to the study proposed by
Costa et al. (2017), where green banana biomass was used in yoghurt and the estimated
concentrations of resistant starch obtained in the formulations that used 3%, 5% and 10% of
green banana biomass was 0.13%, 0.21% and 0.43%, respectively.

According to table 4, in general, the studied requeijdo cremoso processed cheese
presented high values of luminosity (L*), with the predominance of yellow (b*) in relation to
the red component (a*), suggesting that the yellowish white contributed to the characteristics
of the products. This is in accordance with Cunha et al. (2010) who affirm that requeijao
cremoso processed cheese is usually characterized by a slightly yellowish white colour.

There was a significant difference between the treatments, and the F5 treatment had
the highest value obtained for the variable L* and b* and the lowest value for the variable b*.
It can be inferred that the fat decrease and addition of the green banana biomass contributed to

colour change by decreasing yellowish white intensity (L*; b*) and increased red intensity

(@*).

Table 4 — Average colour results of the requeijdo cremoso processed cheese during the 45

days of storage under refrigeration.

Parameter Average treatments Average times
(Colour)
F1 83.12+1.02° T1 86.08+2.05°
F2 86.05+0.73% T15 85.73+2.21°
L* F3 83.96+0.21° T30 85.25+2.16
F4 85.57+0.26" T45 84.94+2.14°

F5 88.88+0.63
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F1 1.96+0.043 Tl 1.50+0.35°
F2 1.45+0.04% T15 1.51+0.37°
o F3 1.80+0.04% T30 1.53+0.40°
F4 1.51+0.03 T45 1.54+0.432
F5 0.88+0.05°
F1 12.03+0.23% T1 13.31+2.20°
F2 12.23+0.27" T15 13.24+2.03
b* F3 11.77+0.06° T30 13.15+1.86°
F4 13.21+0.19% T45 13.11+1.72°

F5 16.76+0.41°

Means followed by the same letter in the column do not differ statistically at the 5% level of
significance by the Kruskal-Wallis test.

F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream 5%
green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4 (5%
pasteurized cream and 5% green banana biomass); F5 (control). T1 (1 day shelf life); T15 (15
days shelf life); T30 (30 days shelf life); T45 (45 days shelf life).

Table 5 shows the texture parameters. Firmness and elasticity were lower in the
recipes with higher percentage of green banana biomass and lower fat content (F1 and F3),
showing that this ingredient and fat reduction contributed to the decrease of these parameters.
These results corroborate with research conducted by Brighenti et al. (2008), who analysed
samples of commercial requeijdo cremoso processed cheese, and noticed that the firmness is
directly proportional to the fat content. This is also in accordance with a study by Costa et al.
(2017), who evaluated the effect of green banana addition on probiotic yogurt and observed
that green banana biomass caused a significant increase (p <0.05) in firmness.

On the other hand, as for the adhesiveness and gumminess parameters, the treatments
that received a higher percentage of green banana biomass resulted in a higher index of these

parameters, so it can be inferred that this ingredient contributed to the increase of the

adhesiveness and gumminess.



36

Table 5 — Average texture results of the requeijdo cremoso processed cheese during 45 days

of storage under refrigeration.

Parameter  Average treatments Average times
(texture)

F1 125.88+27.68% T1 282.90+345.88°

F2 287.00+381.11° T15 198.40+113.90°
Firmness F3 102.84+21.48¢ T30 244.40+138.93%

F4 344.66x72.22% T45 285.83+173.76

F5 404.03+91.60°

F1 -250.51+38.19? T1 -11.77+129.83°

F2 -404.21+8.92° T15 -47.16+124.20°
Adhesiveness F3 -208.42+60.312 T30 -83.81+108.93%

F4 -448.04+36.78"  T45 -03.49+115.32°

F5 -496.60+45.00°

F1 0.56+0.02 T1 0.68+0.17°

F2 0.65+0.03" T15 0.66+0.14%
Elasticity F3 0.50+0.03° T30 0.63+0.09°

F4 0.75+0.07% T45 0.63+0.07°

F5 0.78+0.08?

F1 0.94+0.00% T1 0.84+0.07°

F2 0.80+0.01% T15 0.85+0.07°
Cohesiveness F3 0.91+0.91% T30 0.85+0.07°

F4 0.78+0.01° T45 0.86+0.06°

F5 0.81+0.02"°

Means followed by the same letter in the column do not differ statistically at the 5% level of
significance by the Kruskal-Wallis test.
F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream 5%
green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4 (5%
pasteurized cream and 5% green banana biomass); F5 (control). T1 (1 day shelf life); T15 (15
days shelf life); T30 (30 days shelf life); T45 (45 days shelf life).

The relations among saturated, monounsaturated and polyunsaturated fatty acids of the

elaborated requeijdo cremoso processed cheese containing encapsulated L. acidophilus and
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green banana biomass or not, at the 1st and 45th days of refrigerated storage, are shown in

table 6.

Table 6 — Relation among saturated, monounsaturated and polyunsaturated fatty acids in
requeijao cremoso processed cheese on day 1 and 45 of storage under refrigeration.

Fatty Requeijédo cremoso Time (days)

acids F1 F2 F3 Fa F5 T1 T45

% SFA  69.1440.03* 69.03+0.16* 68.77+0.12° 68.87+0.12°  69.12+0.07° 69.04+0.14" 68.94+0.20"
% MFA  28.67+0.02°  28.77£0.23® 29.10+0.08"  29.03+0.08" 28.68+0.08° 28.82+0.18" 28.87+0.25"

%PUFA  2.19+0.02° 2.19+0.10° 2.13+0.04° 2.10+0.04° 2.21+0.01° 2.14+0.05* 2.19+0.06"

Means followed by the same lowercase letter and the same capital letter in the row do not
differ statistically at the 5% probability level by the Kruskal-Wallis test.

F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream 5%
green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4 (5%
pasteurized cream and 5% green banana biomass); F5 (control). SFA (saturated fatty acids);
MFA (monounsaturated fatty acids); PUFA (polyunsaturated fatty acids). T1 (1 day shelf
life); T45 (45 days shelf life).

The fatty acids that contributed the most to the SFA index were myristic, palmitic and
stearic acid, the MFA index was the oleic acid and for the PUFA index were linoleic acids
and conjugated linoleic acid (CLA).

The cheeses are recognized as having a high concentration of long chain saturated
fatty acids; however, they also have unsaturated fatty acids that are important for health, such
as oleic acid and CLA. The composition of fatty acids varies according to race, season, animal
diet and species, as well as cheese manufacturing processes (Matera et al., 2018).

The mean values for sensory analysis of the elaborated requeijdo cremoso processed
cheese are presented in table 7.

The points attributed to the global appearance, colour, aroma, flavour and texture

varied from 4.12 (indifferent) to 5.98 (liked), with the lowest and highest value being verified

in the colour attribute. In this sense, the elaborated requeijdo cremoso processed cheeses were
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considered accepted, since the grades were outside the rejection region, from 1 to 3 points.
Colour is the first characteristic perceived by consumers and therefore often influences
consumer preference (Mani-Lopez et al., 2014). It can be observed, in general, that the
different concentrations of green banana biomass and fat did not provide great in the
acceptance of the product when compared to the control. Speranza et al. (2018) in their study
developed fresh functional cream cheese and also observed that the addition of a probiotic
microorganism and prebiotic ingredient did not negatively affect the product’s sensory

acceptability.

Table 7 - Average results of the sensory evaluation regarding the acceptance test of the

elaborated requeijdo cremoso processed cheese.

Sample Colour Aroma Flavour Texture Global
appearance

F1 4.62° 4.98° 5.24% 5.22° 5.28%

F2 5.1° 4.68 4.66" 4.12° 4.56°

F3 4.92° 4.88° 5.14% 5.34° 5.04"

F4 5.12° 4,96 4.9° 4.74%® 4.94"

F5 5.98° 5.12° 5.64° 5.42° 5.84°

Means in the same column with the same overwritten did not differ significantly (p <0.05) by
Tukey test (ANOVA). 1: | disliked very much, 2: I disliked much, 3: disliked, 4: indifferent,
5: 1 liked it, 6: I liked it much and 7: | liked it very much.

F1 (10% pasteurized cream and 10% green banana biomass); F2 (10% pasteurized cream and
5% green banana biomass); F3 (5% pasteurized cream and 10% green banana biomass) F4
(5% pasteurized cream and 5% green banana biomass); F5 (control).

In relation to the purchase intention it can be affirmed that the cheeses had a good
acceptance of purchase, because the greater percentages correspond to the term "would

probably buy" in the majority of the formulations. The best purchase intention indices were

observed in the formulations F2, F4 and F5.
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4 Conclusion

The addition of encapsulated probiotic microorganisms in the different elaborated
requeijdo cremoso processed cheese provided functionality during the 45 days of storage.
Green banana biomass used as a partial fat substitute resulted in a decrease in fat and protein
content and an increase in moisture and water activity. The texture was influenced by fat and
green banana biomass contents. The sensory analysis showed that the F1 formulation was
better accepted, equating to the control. The best purchase intention indices were observed in
the formulations F2, F4 and F5.

Therefore, our findings indicate that green banana biomass and encapsulated probiotic
microorganisms may be a potential option as ingredients to be used in the formulation of

requeijdo cremoso processed cheese for dairies, adding a functional value to this product.
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Abstract

The increase in consumers demand for foods that provide both nutritional and health benefits
boosted the researches with probiotic microorganisms applied to dairy products. Probiotics are
affected by several factors, decreasing their action on the gastrointestinal system, so it is
necessary to protect them using encapsulation techniques to incorporate into various food
products. The objective of this study was to evaluate, through probiotic viability, the best way
to add (free or encapsulated) Lactobacillus acidophilus to Requeijdo Cremoso processed
cheese. After which, apply in different curd formulations with addition of green banana
biomass as partial fat substitute, evaluating the pH, probiotic viability during the shelf-life and
in the simulated gastrointestinal conditions of the formulations and characterizing the
probiotic capsule produced. The application of free Lactobacillus acidophillus in Requeijdo
Cremoso processed cheese presented an unsatisfactory result to be considered functional, and
the other formulations that were added in the encapsulated form presented satisfactory
probiotic counts in all treatments (8 to 10 log CFU.g ) during 45 days of storage and

gastrointestinal simulation.
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1. Introduction

The changes driven by modern society reflect on the eating habits and choices of
consumers. Food is characterized by the modern lifestyle, marked by the shortage of time for
preparation and consumption of food, leading to the consumption of fast and convenient
foods, rich in sugars, fats and sodium, causing earlier health damage (Pereira, Pereira and
Angelis-Pereira, 2017). In contrast, a large part of the population is awakening to health
aspects.

With this trend, interest in food research has increased with claims and functional
properties in recent years (Simeoni et al., 2014).

Functional foods are defined as “natural or processed foods containing known
biologically active compounds which, when dosed in quantitatively and qualitatively defined
quantities, provide clinically proven and documented health benefits and thus are an important
source of prevention, management and treatment of chronic diseases of the modern age” (Di
Bartolomeo, Startek and Van den Ende, 2013). Currently, the most studied functional
components are antioxidants, unsaturated fatty acids, prebiotics and probiotics (Yasmin et al.,
2015).

The World Health Organization defines probiotics as “living microorganisms which,
when given in adequate amounts, confer benefits to host health” (FAO/WHO, 2006). The
main probiotic species belong to the genus Lactobacillus and Bifidobacterium, which are part
of the human intestinal microbiota, promote beneficial effects on human health and improve

the properties of the native microbiota (Cook, Tzortis and Charalampopoulos, 2012).
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Numerous beneficial effects of probiotics include: relief of symptoms caused by
lactose intolerance, treatment of diarrhea, reduction of serum cholesterol, modulation of the
immune response and prevention of infectious diseases (Kale-Pradham, Jassal and Wilhelm,
2010).

The incorporation of probiotic cells into food matrices is challenged by the
preservation of their viability during the stages of processing, storage and passage through the
gastrointestinal tract, where food is often subjected to variations in temperature, pH, oxygen
uptake, contact with bile salts, antibacterial agents, among other conditions (L6pez-Rubio et
al., 2009). To improve the stability of probiotic microorganisms in a product, as well as to
increase their survival during passage through the gastrointestinal tract, it has been used in the
microencapsulation technique (Pinto et al, 2015).

The methods of microencapsulation of probiotics follow three main methodologies,
which are atomization or spray drying, emulsification and extrusion (Cook, Tzortis and
Charalampopoulos, 2012). The technique of microencapsulation by extrusion is the most
popular one, since it presents low cost and simplicity, besides not involving high temperatures
(Favaro-Trindade, Heinemann and Pedroso, 2011). The physical method is based on the
external gelation of the alginate and consists of incorporating the material to be encapsulated
in a solution of sodium alginate, then the mixture is extruded dropwise through a reduced
gauge pipette or syringe into a solution of calcium chloride (Smrdel et al., 2008).

The addition of prebiotics to dairy products may result in a product with benefits for
consumers by providing the stimulus to beneficial bacteria present in the intestine. Other
benefits come from the possibility of resulting in products with low caloric value, with the
option of partial or total replacement of fat or sugar present (Oliveira et al., 2009). A major

highlight for the incorporation of probiotics are the cheeses stored at refrigeration
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temperatures, product classification in which the Requeijdo Cremoso is found (Buriti,
Cardarelli and Saad, 2008).

Green banana biomass is a component that can be applied in a wide variety of
industrialized foods because it does not interfere in the sensory attributes of other ingredients
and presents prebiotic functional properties, mainly due to the presence of resistant starch (Oi,
De Moraes Junior and Tambourgi, 2012).

Given the sweeping changes of dietary habits of the population, and the important
overview of functional products, this study aimed to develop Requeijao Cremoso processed
cheese with Lactobacillus acidophilus and with addition of green banana biomass as a partial
substitute for fat, assessing the pH, viability probiotic during shelf-life and in the simulated
gastrointestinal conditions of the formulations and to characterize the probiotic capsule

produced.

2. Material and methods

The research was developed at the Department of Technology and Food Science,
Federal University of Santa Maria.

This research consisted of two steps. The first, preliminary test, consisted of
evaluating the probiotic viability of the shelf-life of Requeijdo Cremoso processed cheese
with the addition of encapsulated Lactobacillus acidophilus (C1/F5) and Requeijdo Cremoso
processed cheese with addition of free Lactobacillus acidophilus (C2). The second step
consisted of applying Lactobacillus acidophilus encapsulated in different Requeijdo Cremoso
processed cheese formulations with the addition of green banana biomass as partial fat
substitute (F1, F2, F3, F4), evaluating pH and probiotic viability throughout the shelf-life and

gastrointestinal simulation.
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2.1 Elaboration of capsules

The probiotic microorganism was encapsulated, which consisted of two stages:
preparation of the inoculum and elaboration of the capsules. In order to prepare the inoculum,
the microorganism Lactobacillus acidophilus (La-14) of the Danisco® brand was activated, in
MRS broth, in the proportion of 1 g of Lactobacillus acidophilus culture to 100 mL of MRS
broth, incubated in an oven at 37 °C for 15 hours. After, the sediment was centrifuged in a
refrigerated centrifuge at 4670 x g for 15 minutes and washed with 0.85% sterile saline
solution. The obtained microorganism suspension was encapsulated according to the
methodology described by Kanmani et al. (2011), with adaptations.

The preparation of the probiotic capsules by the extrusion method was done by the
addition of the suspension of 1% of microorganisms in 1% solution of sodium alginate and
dripped in 0.1 mol. L™ of calcium chloride solution, under stirring, until the end of the
encapsulation, and for another 30 minutes. Afterwards, the capsules were separated from the
calcium chloride solution, washed with distilled and filtered water, according to the
methodology described by Boscarioli (2010), with adaptations.

2.2 Elaboration of Requeijdo Cremoso processed cheese

The inputs for the preparation of the curd were purchased locally: Cisne® salt, Ha-la®
enzymatic coagulant, R9 Rica Nata® molten salt, La Pianezza® green banana biomass, Pia®
cream and the milk was gently donated by rural producer who suffered slow pasteurization
(63 °C/30) in the laboratory.

The elaboration of the Requeijdo Cremoso processed cheese was made up of two
stages. Firstly, the process of obtaining the base mass (curd) was carried out using the method
of enzymatic coagulation of the milk according to the methodology described by Rodrigues

(20086).
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Subsequently, the ingredients were weighed according to the six formulations

described in Table 1, which were defined by preliminary tests performed with the product.

Table 1 — Composition of Requeijao Cremoso formulations

Treatments/formulations

Ingredients (%) F1 F2 F3 F4 Cl/F5 C2
Curd dough 60 60 60 60 60 60
Cream 10 10 5 5 20 20
Green banana biomass * 10 5 10 5 - -
Salt 1 1 1 1 1 1
Molten salt 2 2 2 2 2 2
Water 20 20 20 20 20 20
Lactobacillus acidophilus 10 10 10 10 10 -

(encapsuled)
Lactobacillus acidophilus free - - - - - 1

(actives)

* For each gram of green banana biomass was added 1mL of water.

Then, the processing of the Requeijdo Cremoso processed cheese was done according
to Van Dender (2014). After finishing the Requeijdo Cremoso processed cheese, the
formulations were cooled to 40 °C under aseptic conditions for the addition of encapsulated or
free Lactobacillus acidophilus. Subsequently the formulations were packed in aseptic plastic
containers and stored under refrigeration (5 £ 1 °C).

2.3 Analysis of the probiotics capsules
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The composition of the elaborated probiotic capsules was evaluated for moisture
content, protein, ashes, lipids, carbohydrates and pH according to the methodology proposed
by the Adolfo Lutz Institute (2008). The water activity was measured directly by means of the
Aqualab water activity analyzer model 4TEV at constant temperature (25 °C).

Capsule’s size was measured using the Mastersizer® 3000E equipment (Malvern
Instruments, UK).

The encapsulation efficiency (EE) was used to evaluate the survival rate of the
encapsulated bacteria. It was calculated by the method proposed by Annan, Borza; Hansen
(2008), which uses the number of viable cells (log UFC.g™) released from the microcapsules
and the number of viable cells (log UFC.g?) in the cell concentrate prior to
microencapsulation.

2.4 Analysis of the Requeijdes Cremosos processeds cheeses

The pH analysis of the Requeijdes Cremosos processeds cheeses was performed at the
times 1, 15, 30, 45 days, according to the methodology described by Normative Instruction
68/2006 (Brazil, 2006).

The viable cell count of Lactobacillus acidophilus was performed over the storage
period at 0, 15, 30 and 45 days, and gastrointestinal simulation of the samples, probiotic
viability counts were performed according to the methodology described by Vinderola and
Reinheimer (2000), through the use of MRS agar.

The simulated gastrointestinal conditions were performed according to Madureira et
al. (2011), with some adaptations. The simulation included the esophagus/stomach,
duodenum, and ileum sections. Aliquots of 1 g of product were used. In the esophagus-
stomach stage 25 mg.mL™ of pepsin were used (Sigma Aldrich), prepared in 0.1 N HCI; this
solution was added, in equal aliquots, throughout the gastric phase, at a concentration of 0.05

mL.mL™ for 90 min; being the pH adjusted to 2.0 using 1 mol L™ HCI. In the duodenum
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stage, at a concentration of 0.25 mL.mL™, a solution containing 2 gL™ of pancreatin (Sigma
Aldrich) and 12 gL of bovine bile salts (Sigma Aldrich) was prepared at NaHCOs 0,1 mol.
L. The ileum step was performed by raising the pH to 6.5 using a solution of 0.1 mol.L™ of
NaHCOs. All solutions were prepared at the time of use and sterilized with 0.20 um pore
membrane (Minisart, Sartorius Stedim Biotech, Germany).

The analysis was conducted in a refrigerated Shaker incubator (TE-421, Tecnal,
Brazil) maintained at 37 °C in order to simulate human body temperature and mechanical
agitation was used in parallel to simulate intestinal peristaltic movements, with intensities
similar to those reached in the section of the digestive tract. At the end of each step, aliquots
were taken for counting viable probiotic cells.

2.5 Statistical analysis

The results were analyzed through analysis of variance (ANOVA), and the means

were compared by Tukey test at a significance level of 5% using statistical software SAS

version9.

3. Results and discussion

The probiotic capsules developed showed 0.41% of protein, 96.82% of humidity,
0.25% of ashes, 0% of fat, 2.52 of carbohydrates, water activity (Aw) of 0.98 and pH of 4.47.
The probiotic capsules reached diameters with a mean of 1738 um. The extrusion
capsule forming method produces particles which normally have diameters ranging from 500
um to 3 mm (Krasaekoopt, Bhandari and Deeth, 2003). Studies report that capsule size may
be influenced by needle diameter, syringe pressure, calcium chloride concentration, stirring

rate in the solution where alginate is discarded, concentration of alginate or other compounds
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used for encapsulation and by the presence of insoluble calcium carbonate particles suspended
in the alginate (Valero-Cases and Frutos, 2015).

The mean encapsulation efficiency (EE) of Lactobacillus acidophilus capsules was
98.34%, showing that encapsulation was satisfactory.

Preliminary tests were performed to verify the viability of Lactobacillus acipophilus
under different manipulation conditions (free and encapsulated) as well as to evaluate its

viability over time (Table 2).

Table 2 — Results of viability of Lactobacillus acidophilus (free and encapsulated) in

Requeijdo Cremoso. Results expressed in log CFU.g™.

Storage Days

Sample 0 15 30 45

Requeijao Cremoso
with encapsulated L.~ 10.83+0.07** 9.69+0.09°" 8.74+0.10°  8.38+0.09°*
acidophilus (C1/F5)

Requeijao Cremoso
with free L. 9.23+0.07*° 5.78+0.03°®  4.10+0.23°®  1.39+0.03"®
acidophilus (C2)

Means followed by the same capital letter in the column and lowercase in the row do not differ statistically from
each other by the Tukey test at 5% significance.

The encapsulated L. acidophilus maintained optimal viability over 45 days showing
that encapsulation is a good way to preserve viability. When L. acidophilus was added in the
free form in the Requeijdo Cremoso processed cheese, it was observed that the viability was
drastically reduced over time, presenting an unsatisfactory count. Microencapsulation can
promote a more anaerobic environment, favoring the survival and multiplication of bacteria
within the spheres, and encapsulation and coating serve as a physical barrier against adverse
conditions (De Prisco et al., 2015).

Thus, it is evident the need to use a microorganism encapsulated in Requeijao

Cremoso processed cheese, since the free additives did not provide a good viability over time.
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According to Castro et.al (2015) probiotics should contain minimum 6 -7 log CFU.g* of
viable cells at the time of consumption.

Due to this viability of the encapsulated L. acidophilus, it was tested in innovative
Requeijdao Cremoso processed cheese formulations with the addition of green banana
biomass.

The pH results of the Requeijdo Cremoso processed cheese formulations during the
storage period of 45 days at 5 °C are shown in Table 3.

All the Requeijdo Cremoso processed cheese formulations presented values in the
range of pH 6. These values are superior to those proposed by Van Dender (2014), who states
that pH of processed cheeses range from 5.0 — 6.5 and the molten salt composition interferes

whit the pH of the final product.

Table 3 — Mean values of pH of treatments over the storage period for Requeijées Cremosos

formulations.

Time Treatments

(days) F1 F2 F3 F4 F5
1 6.65+0.018" 6.73+0.18"* 6.71x0.1"™  6.62+0.14""  6.64+0.12"
15 6.50+0.09°°  6.58+0.03*® 6.57+0.05° 6.52+0.02**®  6.56+0.04*°

30 6.44+0.17°°  6.44+0.12°° 6.47+0.13%° 6.45+0.18"®  6.51+0.16%°

45 6.39+0.1°°  6.40+0.09%° 6.40+0.09%°° 6.20+0.13°°  6.20+0.15"¢

Means followed by the same lowercase letter in the row and averages followed by the same uppercase letter in
the column do not differ statistically by the Tukey test at 5% probability.

F1 (10% of pasteurized cream e 10% of green banana biomass); F2 (10% of pasteurized cream 5% of green
banana biomass); F3 (5% of pasteurized cream e 10% of green banana biomass); F4 (5% of pasteurized cream e
5% of green banana biomass); F5-Control (20% of pasteurized cream).

In all formulations there was a significant decline in pH over time, a factor that can be

considered normal by the reactions in the food itself. Several factors can occur during pH-
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lowering storage, such as the reduction of moisture, the hydrolysis of polyphosphates and the
interactions between proteins that influence ionic equilibrium (Van Dender, 2014).

It can be observed that there was a decrease in the count of Lactobacillus acidophilus
over the shelf-life in the formulations (Table 4). This fact can be explained by the fact that
microorganisms are metabolically active within the capsules, producing metabolic acids and
bacteriocins and/or the loss of substrates (Pedroso et al., 2012).

The decrease was aproximately 1 log CFU.g™ in the probiotic counts, being lower than
that found by Ramirez et al. (2007) in their research, where they developed a Requeijdo
Cremoso processed cheese with addition of free Lactobacillus casei and obtained a decrease
of 3 log CFU.g" in 15 days. Gaino et al. (2012) developed Requeijio Cremoso processed
cheese with free probiotics and obtained a count of 7,2 log CFU.g™ 1 day after processing. In
this way it can be inferred that the encapsulation provides a greater longevity of the probiotic
count in Requeijdo Cremoso processed cheese.

Considering 45 days as the end of the shelf-life, all the Requeijdo Cremoso processed
cheeses had values around 8 log CFU.g™" and could be considered as probiotics. The
International Dairy Federation recommends that the minimum concentration of probiotic cells
should be 6-7 log CFU.g™ at the end of shelf-life of the product (Tripathi and Giri, 2014).

It can also be said that the shelf-life of 45 days is suitable for this type of product.
According to Trabulsi and Sampaio (2000), for food containing probiotics, the final product
should have a half-life of 15 to 30 days, remaining with the number of viable cells greater
than 6 log CFU.g ™.

There was no significant difference between the viability of the microorganisms of the
treatments, and it can be inferred that the different formulations of the Requeijao Cremoso
processed cheese did not interfere in the probiotic activity of Lactobacillus acidophilus.

Different results were found by Buriti, Castro and Saad (2010) in their research with mousses
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containing free probiotics, where they reported that the different composition positively
altered the probiotic viability throughout the shelf-life. It is suggested that the difference
between the studies is due to the fact that in Requeijées Cremosos processeds cheeses, the
microorganisms were encapsulated and in the mousses they were in free form and could

interact positively with the food matrix.

Table 4 — Viability of Lactobacillus acidophilus (log CFU.g™) in Requeijées Cremosos

formulations stored for 45 days under refrigeration.

Time Treatments
(days)
F1 F2 F3 F4 F5
0 0.86+0.02** 9.44+0,28*" 9.69+0,06* 9.71+0.08** 9.61+0.09*"
15 0.25+0.11°®  9.36+0.22** 9.54+0.08** 9.55+0.11** 9.43+0.02*"
30 8.90+0.02°° 8.96+0.05* 8.95+0.03*® 8.97+0.03%® 8.91+0.03*
45 8.08+0.06°° 8.18+0.04°® 8.24+0.09°° 8.20+0.01°° 8.14+0.04%

Means followed by the same lowercase letter in the row and averages followed by the same uppercase letter in
the column do not differ statistically by the Tukey test at 5% probability.

F1 (10% of pasteurized cream e 10% of green banana biomass); F2 (10% of pasteurized cream 5% of green
banana biomass); F3 (5% of pasteurized cream e 10% of green banana biomass); F4 (5% of pasteurized cream e
5% of green banana biomass; F5-Control (20% of pasteurized cream).

Although the viability of probiotic cultures is extremely important throughout the
viability of the products that carry them, resistance to passage to the gastrointestinal tract is
essential, since to provide benefits to hosts, they must be able to proliferate and colonize the
treatment (Saad et al., 2013).

Therefore, through the gastrointestinal simulation (Table 5), it can be seen that the
capsules protected the microorganisms during the passage of the esophagus and stomach, with
rupture only in the duodenum and ileum. The treatments showed a significant difference in

the Lactobacillus acidophilus count at each stage, showing that their different composition
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interfered in the gastrointestinal simulation and both presented satisfactory results in the
probiotic counts, which was approximately 8 log CFU.g™ at the end of the simulation. Similar
results were found by Oliveira et al. (2014) when evaluating the gastrointestinal simulation of
goat cheese with addition of L. acidophilus, where they observed a reduction of
approximately 1 cycle logarithm in the probiotic count at the end of the digestion process,
compared to the initial count. Verruck et al. (2015) developed frescal cheese from buffalo
probiotic and subjected to gastrointestinal conditions and observed a decrease of
approximately 2 logarithmic cycles in the probiotic count at the end of the simulation.
However, the encapsulation technique seems to be able to offer protection against
adverse conditions encountered in the gastrointestinal tract by creating a microenviranment

for probiotic cells in a matrix (Heidebach et al., 2009).

Table 5 — Mean results of the gastrointestinal simulation test of the elaborated Requeijdes

Cremosos at one storage time. Results expressed in (log CFU.g™).

Treatments
Condition F1 F2 F3 F4 F5
Initial 0.49+0.04°" 9.37+0.02* 9.8+0.01**  9.35+0.03" 9.71+0.13%A

Stomach  3.17+0.04% 3.07+0.04%® 3.23+0.02%° 3.06+0.08%° 3.18+0.05%
Duodenum 7.92+0.01%"® 8.01+0.02%¢ 7.83+0.07°C 7.92+0.03*¢  7.99+0.06%°B

lleus 8.05+0.01°®  8.12+0.03%® 8.23+0.02*® 8.26+0.05% 8.25+0.07%8

Means followed by the same lowercase letter in the row and averages followed by the same uppercase letter in
the column do not differ statistically by the Tukey test at 5% probability.

F1 (10% of pasteurized cream e 10% of green banana biomass); F2 (10% of pasteurized cream 5% of green
banana biomass); F3 (5% of pasteurized cream e 10% of green banana biomass) F4 (5% of pasteurized cream e
5% of green banana biomass), F5-control (20%pasteurized cream).

4. Conclusion
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The present study showed that the encapsulation of Lactobacillus acidophillus by the
extrusion method produced capsules that provided protection of the microorganism during
shelf-life. The proposed innovative formulations resulted in Requeijoes Cremosos processed
cheeses with probiotic viability during shelf-life with a range from 9.86 log CFU.g™ to 8.08
log CFU.g™ and the counts of microorganisms in the gastrointestinal simulation ranged from
9.8 log CFU.g™ (initial) at 8.05 log CFU.g™ (final-ileus), proving to be satisfactory and
conferring functionality to the product, also, it is observed that the difference in the
composition of the Requeijoes Cremosos processed cheeses interfered in the probiotic
viability.

Finally, it is suggested that further studies in this area have to be developed exploring
the application of other microorganisms classified as probiotics, since this study showed that
the Requeijdes Cremosos processed cheeses formulations were a good food matrix for the

application of encapsulated Lactobacillus acidophillus.
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4 DISCUSSAO GERAL

Neste estudo foram desenvolvidas formulacGes de requeijoes cremosos com adi¢do de
biomassa de banana verde como substituto parcial de gordura e com Lactobacillus
acidophilus (La-14) encapsulados avaliando suas caracteristicas fisico-quimicas, tecnolégicas,
microbiologicas, viabilidade probidtica durante a vida de prateleira e na simulacdo
gastrointestinal e sua aceitabilidade sensorial.

Inicialmente foi testado a aplicacdo de Lactobacillus acidophilus encapsulado (C1/F5)
e livre (C2) em formulacdo de requeijdo cremoso tradicional, onde pode-se perceber que C1
apresentou viabilidade probiética no final da vida de prateleira, 45 dias, de 8,41 log UFC.g™
e C2 aos 15 dias j& apresentou contagem insatisfatéria de 5,78 log UFC.g ™, demonstrando que
a forma mais apropriada de adicdo do microrganismo em requeijdo cremoso € a encapsulada.
Estes resultados comprovam o relatado por Chéavarri et al. (2010) que estudaram o
encapsulamento de bactérias probidticas no alginato de sodio e verificaram que poderia
melhorar a estabilidade de armazenamento das células bacterianas quando comparadas as
celulas livres.

Os requeijbes elaborados e avaliados incluiram adicdo de microrganismo probiotico
Lactobacillus acidophilus encapsulado e biomassa de banana verde como substituto parcial de
gordura, consistindo nos seguintes tratamentos: F1 (10% nata pasteurizada, 10% biomassa de
banana verde, 10% de céapsulas); F2 (10% nata pasteurizada, 10% de cépsulas, 5% biomassa
de banana verde); F3 (10% biomassa de banana verde, 10% de cépsulas, 5% de nata
pasteurizada); F4 (10% de capsulas, 5% biomassa de banana verde, 5% de nata pasteurizada);
F5-controle (10% de céapsulas, 20% de nata pasteurizada).

As analises microbioldgicas dos requeijoes armazenados sob refrigeracdo (5 £ 1°C)
durante o periodo de 45 dias mostraram que 0s requeijdes estiveram aptos ao consumo, pois
os resultados encontraram-se dentro dos padrdes propostos pela Resolugdo RDC n° 12, de 2
de janeiro de 2001 (Brasil, 2001) para coliformes totais, coliformes termotolerantes,
estafilococos coagulase positiva, bolores e leveduras e salmonela.

A viabilidade probidtica dos requeijdes durante a vida de prateleira variou de 9,86 log
UFC.g™ 4 8,08 log UFC.g™ e a contagem dos microrganismos na simulagéo gastrointestinal
variaram de 9,8 log UFC.g* (inicial) a 8,05 log UFC.g™" (final-ileo), demostrando-se
satisfatorias e conferindo funcionalidade ao produto. Através destes resultados observa-se que
a diferenca de composicao dos requeijoes ndo interferiu na viabilidade probidtica ao longo da
vida de prateleira, mas sim na simulagéo gastrointestinal. Estando estes resultados de acordo
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com o proposto por Nazzaro et al. (2009), os quais recomendam uma contagem na faixa de 8-
9 log UFC.g'em alimentos contendo bactérias probiéticas antes da ingestdo para assegurar
gue um minimo terapéutico suficiente de 6-7 log UFC.g™ possa atingir o célon.

A biomassa de banana verde utilizada como substituto parcial de gordura
proporcionou uma diminuicdo do teor de gordura e proteina e um aumento de umidade e
atividade de agua nos requeijdes cremosos testados.

Os Unicos requisitos fisico-quimicos preconizados pelo Regulamento Técnico de
Identidade e Qualidade de Requeijdo ou Requeson sdo umidade e gordura no extrato seco,
onde o requeijdo cremoso deve conter no minimo 55% de matéria gorda no extrato seco e
maximo de 65% de umidade (BRASIL, 1997).

A formulacdo controle (F5) esta de acordo com a legislacdo para os parametros de
umidade (60,37+0,92%) e gordura no extrato seco (58,71+2,12%), caracterizando-a como
requeijdo cremoso. A formulacdo F4 esté de acordo para o teor de umidade (64,29+0,32%), ja
as formulacdes F1, F2 e F3 obtiveram indices de umidade superiores, 67,97+0,34%,
65,97+0,24% e 69,42+0,63%, respectivamente, o que pode ser explicado pela diferente
composicao das formulacdes, uma vez que ambas possuem quantidade inferior de gordura em
relagdo ao controle e possuem adicdo da biomassa de banana verde, e consequentemente
maior adi¢do de agua. Estes resultados corroboram com Silva et al. (2012) que desenvolveram
e avaliaram requeijoes light, sendo a gordura substituida pelo concentrado proteico de soro e
agua, os quais apresentaram teor de umidade maximo de 71% e minimo de 64%. Baroni et al.
(1999) no desenvolvimento de requeijdo com teor reduzido de gordura também obtiveram
requeijoes com cerca de 70% de umidade e 10% de gordura. Segundo Silva e Alves et al.
(2015) aumentando-se o contetido de umidade pode-se obter, alem da textura tipica, um pouco
da lubrificacdo ou sensacdo de cremosidade na boca e da maciez proporcionadas pela gordura.

Em relacdo a gordura no extrato seco, observa-se que os tratamentos F1, F2, F3 e F4
possuiram valores de gordura no extrato seco inferiores a legislacdo para requeijdo cremoso,
36,81+1,20%, 43,63+£1,65%, 41,03+2,65%, 49,11+0,81%, respectivamente. No entanto
apenas o F1 pode-se classificar como requeijdo cremoso com teor reduzido de gordura em
virtude da reducdo de mais de 25% deste componente conforme regulamento técnico referente
a informacdo nutricional complementar (BRASIL, 1998).

Embora as diferentes composi¢des das formulacdes tenham proporcionado uma
diminuicdo do teor de proteina, as quais variaram de 9,13+0,73% a 10,52+0,43%, ainda estao
dentro da faixa admitida por Ramos et al. (2012) para requeijdo cremoso que é de 9% a 11%
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de teor de proteina. Os valores de proteinas corroboram com os teores encontrados por Gomes
e Penna (2010), de 7,29% a 10,04%, no estudo de caracterizagdo de requeijdo cremoso
potencialmente prebidtico.

A atividade da agua € um parametro importante dentro de um alimento, pois descreve
o nivel da agua no estado ligado e é dependente da interacdo da &gua com outros componentes
(DUGGAN et al., 2008). A atividade de agua variou de 0,989+0,001 a 0,992+0,000, sendo
que as formulacdes F1 e F3 apresentaram maiores indices e a mesma foi aumentando ao longo
do tempo. Este resultado vai ao encontro do estudo desenvolvido por Shuhong et al. (2018),
que elaboraram queijo mucarela com baixo teor de gordura e desnatado com adi¢do de um
polissacarideo, e observaram uma maior atividade de &gua nos queijos com adicdo do
polissacarideo e um aumento da atividade de agua com o tempo.

O teor de cinzas apresentou diferenca significativa entre as formulagdes que variaram
2,62+0,54% a 3,20+0,12%, acredita-se que esta diferenca seja em virtude das diferentes
composigoes.

Os requeijdes também apresentaram diferencas significativas no teor de carboidratos,
variando de 2,87+1,18% a 8,50+1,10%. O ingrediente que mais contribui para esta diferenca
possivelmente foi a biomassa de banana verde devido a presenca destes em sua composicao.

A quantidade média de amido resistente durante os 45 dias de armazenamento foi de
0,670g/100g em F1, 0,385¢/100g em F2, 0,6659/100g em F3, 0,4009/100g em F4 e 0g/100g
em F5 (controle), sendo que as formulagcfes que receberam 10% de biomassa de banana verde
(F1 e F3) apresentaram o0s maiores (p<0,05) teores de amido resistente. Segundo Slavin
(2013) a ingestédo diaria minima sugerida para prebioticos para obter efeitos benéficos a satde
em humanos é de 3 g. Sugerindo o consumo diario de 30 g das formulacbes de requeijoes
cremosos F1 e F3, as quais possuem maior quantidade de amido resistente, proporcionaria
aproximadamente 6% do consumo indicado de prebidticos.

Observa-se que em todas as formulagbes houve um declinio significativo do pH
(6,71+0,1 - 6,20+0,13) ao longo do tempo, fator este que pode ser considerado normal pelas
interacOes entre 0s componentes do proprio alimento. Segundo Van Dender (2014) o pH dos
queijos processados varia na faixa de 5,0 a 6,5. O elevado valor de pH dos requeijdes pode ser
devido ao sal fundente utilizado. A composic¢édo do sal fundente interfere na fusdo da massa,
na qualidade e no pH do produto (VAN DENDER, 2014).

De maneira geral, analisando o percentual de acidos graxos saturados (AGS), acidos
graxos monoinsaturados (AGM) e éacidos graxos poli-insaturados (AGPI), ndo houve
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diferenga significativa entre os tratamentos e entre os tempos, onde apresentaram valores
aproximados a 69%, 29% e 2%, respectivamente. Sendo que o resultado da quantificacdo de
AGS desta pesquisa foram superiores e de AGM inferiores aos achados no estudo realizado
por Mattana et al. (2012), no qual desenvolveram requeijoes cremosos com baixo teor de
lactose produzidos por dois diferentes processos e obtiveram no perfil lipidico AGS que
variaram de 62,76% a 64,70%, AGM que variaram de 29,90% a 31,56% e AGPI que variaram
de 4,36% a 5,36%. Vale ressaltar que os resultados dos acidos graxos estdo expressos em mg
de &cidos graxos/grama de gordura, no entanto a quantidade de acidos graxos é proporcional a
quantidade de gordura dos requeijdes, ou seja, requeijoes que possuem menos gordura terdo
consequentemente uma menor quantidade no total de acido graxos.

Em relacdo a cor, a reducdo da gordura e adicdo da biomassa de banana verde,
contribuiram para diminui¢do da intensidade de branco amarelado (L*; b*) e aumento da
intensidade do vermelho (a*), sugerindo que o branco amarelado contribuiu para a
caracteristica de cor dos produtos.

A textura foi influenciada pelos teores de gordura e biomassa de banana verde, sendo
que a firmeza (125,88+27,68 - 404,03+£91,60) e elasticidade (0,78+0,08 - 0,56+0,02) foram
menores nos requeijdes com maior percentual de biomassa de banana verde e menor teor de
gordura (F1 e F3), para os parametros de adesividade (-250,51+38,19 - -496,60+45,00) e
coesividade (0,78+0,01 - 0,94+0,00), os tratamentos que receberam um maior percentual de
biomassa de banana verde resultaram em maior indice dos mesmos. Com a reducdo da
gordura, a matriz protéica se torna mais compacta, conferindo aumento da firmeza e
adesividade do requeijao (VAN DENDER, 2014). Numa tentativa de recuperacdo das
propriedades conferidas pela gordura fez-se a combinacéo entre diferentes teores de gordura e
biomassa de banana verde/agua o que permitiu a obtencdo de produtos com diferentes perfis
de textura.

A analise sensorial mostrou que as diferentes concentracdes de biomassa de banana
verde e gordura ndo proporcionaram grandes diferencas de aceitacdo do produto quando
comparadas com o controle, sendo que todos os tratamentos obtiveram notas para serem
considerados como aceitos. As notas atribuidas aos atributos de aparéncia global, cor, aroma,
sabor e textura variaram de 4,12 (indiferente) a 5,98 (gostei), sendo que o menor e maior valor
foi verificado no atributo cor. Em relacdo a intencdo de compra pode-se afirmar que 0s

requeijoes tiveram uma boa aceitacdo de compra, pois 0S maiores percentuais correspondem
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ao termo "provavelmente comprariam™ na maioria das formulagdes. Os melhores indices de
intencdo de compra foram observados nas formulacGes F2, F4 e F5.

Por fim, conforme as condi¢cdes experimentais, as formulacGes de requeijdes
inovadores desenvolvidos apresentaram funcionalidade devido ao satisfatério nimero de
células viaveis de Lactobacillus acidophilus e diminuicdo do teor de gordura em virtude da
substituicdo parcial da nata pasteurizada (fonte de gordura) pela biomassa de banana verde,

porém a F1 foi a Unica que péde ser classificada como teor de gordura reduzido.
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5 CONCLUSAO

O presente estudo mostrou que a biomassa de banana verde utilizada como substituto
parcial de gordura nas formulagdes de requeijdes cremosos inovadores proporcionou
alteracdes nas caracteristicas fisico-quimicas e tecnoldgicas e manteve a aceitacdo sensorial.

A aplicacdo de microcapsulas de Lactobacillus acidophilus nas formulacdes
concederam viabilidade probiética durante 45 dias de armazenamento do produto sob
refrigeragdo e protegdo contra as condig¢des gastrointestinais simuladas, sendo que ambas as
contagens finais foram superiores a 8 log UFC.g™.

Portanto, os resultados indicam que a biomassa de banana verde e Lactobacillus
acidophilus microencapsulados podem ser uma alternativa potencial de ingredientes a serem
utilizados na formulacdo de requeijao cremoso pelas industrias de laticinios, pois 0s mesmos
apresentaram comportamento satisfatorio como substituto parcial de gordura e de viabilidade
probidtica, respectivamente, conferindo valor nutricional e funcional diferenciado a este

produto.

5.1PERSPECTIVAS FUTURAS

Sugere-se que sejam desenvolvidos mais estudos nesta area explorando a aplicacdo de
outros microrganismos classificados como probidticos, uma vez que este estudo mostrou que
diferentes formulacdes de requeijdes foram uma boa matriz alimenticia para a aplicacdo de
Lactobacillus acidophilus encapsulados e também explorar a biomassa de banana verde como
prebidtico. Além de um estudo clinico (considerando modelo animal ou humano) que podera

ser util para avaliar o impacto da ingestdo do referido produto na saude do consumidor.
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