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RESUMO

ESTUDO DA ADICAO DE DIFERENTES PREBIOTICOS EM MICROPARTICULAS
SIMBIOTICAS CONTENDO Lactobacillus acidophilus LA-5 OBTIDAS POR
GELIFICACAO IONICA INTERNA

AUTORA: Greice Carine Raddatz
ORIENTADOR: Cristiano Ragagnin de Menezes
CO-ORIENTADOR: Eduardo Jacob-Lopes

Os probidticos vém recebendo crescente enfoque na &rea de alimentos uma vez que, podem afetar
beneficamente uma ou mais fungdes alvo no corpo quando administrados em quantidades adequadas.
Entretanto, a viabilidade destas culturas pode ser prejudicada quando expostas a condi¢Bes adversas
como, por exemplo, o armazenamento em diferentes temperaturas e a passagem pelo trato
gastrointestinal humano. Em fungdo disso, tornam-se necessarios o estudo e a implementagdo de novas
técnicas que garantam a producdo destes em larga escala, e com efeitos benéficos comprovados,
podendo assim atender as necessidades do consumidor. Para que o produto possa garantir o efeito
benéfico desejado, utiliza-se comumente a técnica de microencapsulacéo. Dentre as diversas técnicas
de microencapsulagdo, esté a gelificacdo i6nica interna. Ainda, para que a viabilidade probiotica possa
ser mais prolongada, tem se estudado o efeito dos prebidticos na microencapsulacdo. Desta forma, o
objetivo desse estudo foi desenvolver microparticulas de pectina (1%) e compara-las com
microparticulas de pectina adicionadas de diferentes fontes prebioticas a 10%, sendo elas hi-maize,
inulina e farelo de arroz, ambas contendo Lactobacillus acidophilus LA-5, utilizando a técnica de
gelificacdo idnica interna. As microparticulas foram produzidas na forma Umida e liofilizada. Foi
analisada a sobrevivéncia dos probidticos sob condi¢bes gastrointestinais simuladas, sua viabilidade
em armazenamento sob diferentes temperaturas (-18, 7 e 25 °C) por 120 dias, além da sua
caracterizacao fisico-quimica, morfologia e distribuicdo de tamanho. Para as microparticulas Umidas,
houve uma variacdo de tamanho de 24,4 — 462 um, enquanto isso, 0 tamanho das microparticulas
liofilizadas variou de 166 pm a 345 um. As matrizes de encapsulacdo farelo de arroz e inulina
apresentaram a maior eficiéncia de encapsulacéo para as microparticulas imidas, de 91.24% e 90.59%,
respectivamente, ja para as liofilizadas, a maior eficiéncia de encapsulagdo foi resultante da matriz de
encapsulacdo pectina + inulina, de 68,11%. Tanto as microparticulas umidas como as liofilizadas
protegeram 0s microrganismos frente aos testes gastrointestinais simulados. Quanto ao
armazenamento em diferentes condicGes de temperatura, para as microparticulas Umidas na
temperatura de 25 °C, os probioticos permaneceram viaveis em todos os tratamentos no decorrer dos
120 dias. J& na temperatura de -18 °C, os tratamentos PHM e PRB foram capazes de manter o
microrganismo vidvel por um maior periodo de tempo, de 90 dias. A 7 °C o tratamento PRB se
destacou, permanecendo viavel ao final dos 120 dias. J& para as particulas liofilizadas, nas
temperaturas de 25 °C e -18°C, os tratamentos que continham prebidticos mantiveram o0s
microrganismos probioticos viaveis por um maior periodo de tempo. Em 7 °C, o tratamento PRBL foi
capaz de manter o L. acidophilus viavel por 120 dias. Sendo assim, as microparticulas desenvolvidas
nesse estudo além de permitirem uma viabilidade estendida do probi6tico L. acidophilus, representam
uma alternativa vidvel para a incorporacgao de simbidticos em matrizes alimentares.

Palavras-chave: microencapsulacdo. emulsificacdo. probioticos. prebioticos.



ABSTRACT

STUDY OF THE ADDITION OF DIFFERENT PREBIOTICS IN SYMBIOTIC
MICROPARTICLES CONTAINING Lactobacillus acidophilus LA-5 OBTAINED BY
INTERNAL IONIC GELATION

AUTHOR: Greice Carine Raddatz
ADVISOR: Cristiano Ragagnin de Menezes
CO-ADVISOR: Eduardo Jacob-Lopes

Probiotics have been given increasing focus in the area of foods, since they can beneficially affect one
or more target functions in the body when administered in adequate amounts. However, the viability
of these cultures may be impaired when exposed to adverse conditions such as storage at different
temperatures and passage through the human gastrointestinal tract. As a result, it is necessary to study
and implement new techniques that guarantee the production of these in a large scale and with proven
beneficial effects, making it possible to meet consumer needs. In order for the product to guarantee the
desired beneficial effect, the microencapsulation technique is commonly used. Among the various
techniques of microencapsulation is the internal ionic gelation. Also for probiotic viability to be
longer, the effect of prebiotics on microencapsulation has been studied. Thus, the objective of this
study was to develop pectin microparticles (1%) and to compare them with pectin microparticles
added from different prebiotic sources at 10%, being hi-maize, inulin and rice bran, both containing
Lactobacillus acidophilus LA -5 using the internal ionic gelation technique. The microparticles were
produced in wet and freeze-dried form. The survival of probiotics under simulated gastrointestinal
conditions, their viability in storage under different temperatures (-18, 7 and 25 ° C) for 120 days, in
addition to their physico-chemical characterization, morphology and size distribution were analyzed.
For the moist microparticles, there was a size variation of 24.4-462 um, meanwhile, the size of the
lyophilized microparticles ranged from 166 pum to 345 um. The encapsulation matrices of rice bran
and inulin had the highest encapsulation efficiency for the moist microparticles of 91.24% and
90.59%, respectively. For the lyophilized microparticles, the highest encapsulation efficiency was due
to the pectin + inulin encapsulation matrix, of 68.11%. Both the moist and lyophilized microparticles
of all treatments protected the microorganisms against the simulated gastrointestinal tests. In relation
to storage at different temperature conditions, for moist microparticles at 25 ° C, probiotics remained
viable in all treatments over the course of 120 days. At the temperature of -18 ° C, the PHM and PRB
treatments were able to keep the microorganism viable for a longer time period, of 90 days. At 7 °C
the PRB treatment stood out, remaining viable at the end of the 120 days. For lyophilized particles, at
temperatures of 25 ° C and -18 ° C, treatments containing prebiotics maintained viable probiotic
microorganisms for a longer period of time. At 7 ° C, PRBL treatment was able to maintain L.
acidophilus viable for 120 days. Thus, the microparticles developed in this study, besides allowing an
extended viability of the probiotic L. acidophilus, represent a viable alternative for the incorporation of
symbiotics in food matrices.

Key words: microencapsulation. emulsification. probiotics. prebiotics.
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1. INTRODUCAO

Nos ultimos anos, tem aumentado largamente a demanda dos consumidores por
produtos que além de fornecer nutricdo bésica, também promovam efeitos celulares ou
fisiologicos desejaveis no corpo, sendo estes caracterizados como alimentos funcionais. A
crescente busca por estes produtos se da por fatores como 0 aumento na expectativa de vida
da populacdo, o aumento nos custos dos cuidados com a saude, 0s custos sociais das doencas
ndo-transmissiveis e a busca por uma qualidade de vida melhor (BIMBO et al., 2017;
MARINO et al., 2017).

Os produtos probidticos sdo a area que mais cresce no desenvolvimento de novos
produtos alimentares, por serem considerados componentes importantes da promocao da
sade de alimentos funcionais, (HEMAISWARYA et al., 2013; RATHER et al., 2017). Os
probidticos sdo capazes de aderir as linhas celulares intestinais humanas e colonizar o
intestino, desempenhando um papel importante, por exemplo, na manutencdo da microflora
intestinal normal, produzem substancias antimicrobianas como bacteriocinas, quebram
acucares e carboidratos para promover uma boa digestdo, mantém o pH intestinal adequado,
competem com sucesso com microrganismos patogénicos, reduzem o nivel de colesterol
sérico e da pressdo arterial e promovem a prevencéo de alguns tipos de cancer (ANADON et
al., 2016; KHANI et al., 2012). Além disso, os probioticos também influenciam na imunidade
inata e adaptativa pelo contato direto com células epiteliais e imunes, ou pela sua capacidade
de modificar a composicao e atividade da microbiota intestinal (CASTILLO, PERDIGON &
LEBLANC, 2011).

Os probidticas mais utilizados pertencem aos géneros Bifidobacterium e Lactobacillus.
Os lactobacilos sdo microrganismos gram-positivos, microaerébicos ou anaerdébicos que
variam amplamente no crescimento e nas caracteristicas metabolicas (ROKKA &
RANTAMAKI, 2010).

Para que os probidticas possam exercer seus efeitos benéficos sobre o hospedeiro, é
imprescindivel, no entanto, que permanecam viaveis, tanto quanto o seu local de acdo, uma
vez que, depois de ingeridos, devem sobreviver a passagem pelo trato gastrointestinal humano
e colonizar o célon (BURGAIN et al., 2011; Ll et al., 2011).

No entanto, a exposi¢do desses microrganismos ao suco gastrico e / ou exposi¢do ao
oxigénio, além da exposi¢do ao ambiente de processamento e armazenamento, podem levar a

perda de sua viabilidade, gerando assim um desafio para o desenvolvimento de produtos
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probidticos (SCHELL & BEERMANN, 2014; SHORI, 2017). Em funcdo disso, diferentes
técnicas tém sido utilizadas para aumentar a viabilidade dos probiéticos frente a condi¢Ges
adversas, onde uma das mais promissoras destas técnicas é a microencapsulacdo, que é um
método eficaz para a introducdo dos microrganismos probidticos em sistemas alimentares
(ARSLAN et al., 2015; ARSLAN-TONTUL & ERBAS, 2017).

A microencapsulacdo se baseia no revestimento ou empacotamento de um material
solido, liquido ou de gas dentro de outro material e pode ser utilizada, por exemplo, na
liberacdo controlada e prolongamento da vida util do material ativo, controle de reagdes
oxidativas e mascaramento de sabores, cores e substancias odoriferas (BURGAIN et al.,
2011).

Entre as varias técnicas disponiveis para microencapsulacdo, a emulsificacdo /
gelificacdo ibnica interna tem se mostrado um metodo bastante eficaz para aumentar a
viabilidade dos microrganismos probioticos, além de ser um método capaz de produzir
microparticulas de pequeno didmetro em grande quantidade (AHMED et al., 2013). A
gelificacdo ibnica interna consiste na liberacdo de ions célcio a partir de um sal de célcio
soltvel em &cido em solucdo encapsulante emulsionada. A formacéo de hidrogel é obtida por
meio da acidificacdo com um &cido soltvel em 6leo, que divide-se a fase aquosa dispersa do
material encapsulante e libera o calcio solGvel que permite a gelificagio (BELSCAK-
CVITANOVIC et al., 2016).

Outra abordagem para 0 aumento na viabilidade dos microrganismos probioticos é o
uso de prebidticos, que podem também auxiliar na sobrevivéncia dos probiéticos durante o
processamento e armazenamento (SHIN et al., 2000). Os prebié6ticos sdo definidos como
"ingredientes fermentados seletivamente que permitem alteracfes especificas, tanto na
composicdo como na atividade da microbiota gastrointestinal que confere beneficios ao bem-
estar e a saude do hospedeiro” (GIBSON et al., 2004).

Levando em consideracdo o0s estudos em vivo ja realizados, os prebidticos
estabelecidos sdo inulina, fruto-oligossacarideos (FOS) e galacto-oligossacarideos (GOS),
enquanto os  prebidticos emergentes incluem isomalto-oligossacarideos  (IMO),
Xilolossacarideos (XOS), amido resistente e oligossacarideos de soja (SOS)
(CHARALAMPOPOULOS & RASTALL, 2012). Além disso, o farelo de arroz é outro
composto que vem ganhando atencdo como substancia prebidtica, produto que, além de
possuir quantidades significativas de nutrientes essenciais como carboidratos, proteinas e
lipidios (especialmente acidos graxos insaturados), ainda possui vitaminas, sais minerais e alta
concentragéo de fibras insoltveis (MALEKIAN et al., 2000).
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1.1 OBJETIVOS

1.1.1 Objetivo geral

O objetivo desse estudo foi produzir microparticulas de pectina adicionadas de
diferentes fontes prebioticas, sendo elas: hi-maize, inulina e farelo de arroz, ambas contendo
Lactobacillus acidophilus LA-5, utilizando a técnica de gelificacdo ibnica interna, na forma

Umida e liofilizada.

1.1.2 Objetivos especificos

e Desenvolver microparticulas contendo Lactobacillus acidophilus LA-5 com
pectina a 1% comparando o efeito da adicdo de diferentes prebidticos a 10%,
sendo eles: hi-maize, inulina e farelo de arroz;

e Caracterizar a fisico-quimica das microparticulas como: umidade, atividade de
agua, lipidios, cinzas, proteinas e carboidratos;

e Avaliar a morfologia e a distribuicdo de tamanho das microparticulas umidas e
liofilizadas;

e Auvaliar a eficiéncia de encapsulacdo das microparticulas imidas e liofilizadas;

e Avaliar a estabilidade das microparticulas umidas e liofilizadas frente a condi¢bes
que simulem o ambiente gastrointestinal;

e Avaliar a vida atil das microparticulas Umidas e liofilizadas em diferentes
condi¢Bes de armazenamento nas temperaturas de -18, 7 e 25 °C, durante o
periodo de 120 dias.
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2. REVISAO DA LITERATURA

2.1 PROBIOTICOS

O conceito de probioticos teve sua origem no comeco do século XX, quando os efeitos
benéficos resultantes de bactérias laticas presentes em leites fermentados foram explicados
pelo bacteriologista russo Elie Metchnikoff (Instituto Pasteur, Franca) (SHAH, 2007). Ele
sugeriu que a saude, o bem-estar e a longevidade das populacbes balcanicas em questéo,
estavam associados ao consumo de grandes quantidades de leite fermentado, que continham
microrganismos benéficos (ANUKAM & REID, 2007). Atualmente, os probidticos séo
definidos como microrganismos vivos que conferem beneficios a saide do hospedeiro quando
administrados em  quantidades adequadas (WORLD GASTROENTEROLOGY
ORGANIZATION, 2011).

Muitos efeitos na salde humana atribuidos a ingestdo de probioticos estdo
relacionados, entre outros, ao trato gastrointestinal, onde estes microrganismos favorecem a
quebra de agUcares e carboidratos resultando em uma boa digestdo. Além disso, sua influéncia
benéfica sobre a microbiota intestinal humana inclui fatores como efeitos antagbnicos, de
competicdo e efeitos imunoldgicos, resultando em uma protecdo contra patdgenos
gastrointestinais. Assim, a utilizacdo de microrganismos probi6ticos estimula a multiplicacdo
de bactérias benéficas, reforcando os mecanismos naturais de defesa do hospedeiro e
impulsionando o sistema imunoldgico a desempenhar um papel importante na manutencéo da
microflora intestinal normal, metabolismo da lactose, diarréia infantil e a manter o pH
intestinal adequado (ANADON et al., 2016; COOK et al., 2012; DE PRISCO &
MAURIELLO, 2016).

Além dos beneficios ja citados, os probioticos vém recebendo grande atencdo devido
aos seus mecanismos capazes de estabelecer atividade anticarcinogénica. 1sso se deve a sua
capacidade de modificar a composicdo da microbiota intestinal e possibilitar mudancas na sua
atividade metabolica; de promover a ligacdo e degradacdo de compostos cancerigenos
presentes no Iumen intestinal; de produzir compostos com atividade anticancerigena (acidos
graxos de cadeia curta e acido linoleico conjugado); pela inibigdo da proliferacdo celular e
apoptose de inducdo em células cancerigenas, dentre outros (DOS REIS et al., 2016).

De modo geral, os probidticos se mantém vivos no colon e se multiplicam, porém, néo

séo capazes de permanecer como colonizadores perenes da mucosa intestinal, deixando de ser
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detectados alguns dias depois de seu consumo ser interrompido (BOUHNIK et al., 1992). Isto
se deve, em grande parte, a descamacdo e renovacdo celular do epitélio intestinal, carreando
culturas aderidas. Deste modo, é aconselhavel o consumo continuo de produtos que
contenham tais culturas (BEZKOROVAINY, 2001).

Para que os beneficios a salde atribuidos a ingestao de probidticos sejam alcangados, é
necessario que estes microrganismos estejam viaveis quando consumidos, devendo também
permanecer vivos ap0s 0 contato com o sugo gastrico e bile, para se aderir a mucosa intestinal
e colonizar o intestino (ARSLAN et al., 2015; CHAMPAGNE et al., 2011). Para isso, hd uma
recomendacdo diaria do consumo de probidticos. Um alimento com alegaces probidticas
deve conter um nimero de células viaveis de culturas probiéticas de, no minimo, 10° a 10’
UFC g (FAO/OMS, 2001). A Agéncia Nacional de Vigilancia Sanitaria— ANVISA estipula
gue a quantidade minima de probioticos vidveis ingerida diariariamente para efeitos
terapéuticos é de 10® a 10° UFC, o que equivale ao consumo de 100 g de produto contendo
entre 10° a 10" UFC de microrganismos (BRASIL, 2008).

Os principais probioticos atualmente estudados sdo pertencentes ao género
Lactobacillus, como, por exemplo: Lactobacillus acidophilus, Lactobacillus caseli,
Lactobacillus plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus
paracasei € ao género Bifidobacterium, como; Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium infantis, Bifidobacterium lactis, Bifidobacterium longum,
Bifidobacterium adolescentis. Também sdo considerados probidticos Saccharomyces
bourlardii, Propionibacterium freudenreichii, Escherichia, Enterococcus e Bacillus
(MORAIS & JACOB, 2006).

Para que uma bactéria seja caracterizada como probiética, tem-se como critérios: o
género ao qual pertence; ser de origem humana; apresentar resisténcia a acidez gastrica e aos
sais biliares (o baixo pH gastrico € um mecanismo de defesa contra a ingestdo de
microrganismos, incluindo probidticos); ser capaz de colonizar o trato gastrintestinal humano
(promovendo a exclusdo competitiva de patogenos da superficie intestinal); produzir
compostos antimicrobianos; devem ser seguros em alimentos e durante o uso clinico, mesmo
em individuos imunocomprometidos; possuir capacidade de ser produzido em grande escala e
de forma viavel; ser metabolicamente ativo no intestino e néo ser patogénico (DUNNE et al.
2001; OLIVEIRA et al., 2002).

A maioria dos produtos que contém probidticos sdo produtos lacteos, torna-se

necessario, portanto, desenvolver outras alternativas para implementar estes compostos
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devido a intolerancia a lactose que atinge grandes populacdes (RANADHEERA, BAINES &
ADAMS, 2010).

2.2 GENERO Lactobacillus

Dentre os diversos microrganismos que integram o grupo das bactérias probioticas,
destacam-se o Bifidobacterium e o Lactobacillus, e, em particular, a espécie Lactobacillus
acidophilus (NOGUEIRA & GONCALVES, 2011).

Os lactobacilos sdo bactérias gram-positivas, geralmente anaerdbicas facultativas, ndo
formadoras de esporos, ndo flageladas, predominantes no intestino delgado (PARK &
FLOCH, 2007). Além disso, sdo bactérias estritamente fermentativas, acumulando &cido
latico no meio como produto de seu metabolismo primério (GOMES & MALCATA, 1999).
A atividade antimicrobiana das bactérias pertencentes ao género lactobacilos esta relacionada
a capacidade de produzir acido latico, peroxido de hidrogénio e bacteriocinas. Dentro do
género estdo presentes espécies homofermentativas obrigatdrias, que produzem &cido latico a
partir da glicose, heterofermentativas obrigatorias ou facultativas, sendo que as facultativas
produzem compostos como &cido latico, acético, formico e succinico (BOTELHO, 2005).

O género Lactobacillus acidophilus possui dimensdes na faixa de 0,5-1 a 2-10 pum,
tem forma de bastonete com extremidades arredondadas, ocorrendo em pares ou cadeias
curtas. O pH 6timo de crescimento deste microrganismo situa-se na faixa de 5,5 e 6,3 e
possuem uma variacao de temperatura 6tima de crescimento entre 30-40°C (ANTUNES et al.,
2007). Este microrganismo é microaerofilo e capaz de crescimento aer6bio em culturas
estaticas sem agitacdo. Sdo preferiveis condicGes anaerObicas e seu crescimento €
impulsionado em caldo ou agar. A bactéria acidophilus (que significa acido) € isolada do trato
intestinal de humanos e animais, sendo também relatada nas fezes de lactantes alimentados
com leite e pessoas idosas que consomem dietas altas em leite, lactose ou dextrina (SELLE,
KLAENHAMMER & RUSSELL, 2014).

Lactobacillus acidophilus, é a espécie de Lactobacillus presente em maior quantidade
no trato intestinal de humanos saudaveis, e esta associado ao equilibrio microbiano intestinal
(ARIHARA et al.,, 1998). Algumas linhagens de L. acidophilus sdo caracterizadas por
possuirem a capacidade de melhorar o valor nutricional dos produtos aos quais forem
adicionados. Isso se deve ao fato de serem capazes de sintetizar acido fdlico, niacina,
riboflavina e vitamina K (GOMES & MALCATA, 1999).



15

2.3 PREBIOTICOS

Os prebioticos foram definidos como "um componente alimentar ndo viavel que
confere beneficios para a satde do hospedeiro associado a modulagédo da microbiota” (FAO,
2007).

Para que uma substancia possa ser caracterizada como prebiotico, ela deve estar de
acordo com 0s seguintes requisitos:

e Formar parte de um conjunto heterogéneo de moléculas complexas;

e Ter origem vegetal;

e Ser osmoticamente ativo;

e Na&o ser digerida por enzimas digestivas, tampouco absorvida na fracdo superior do
trato gastrointestinal;

e Ser seletivamente fermentado por bactérias potencialmente benéficas ao cdlon,

propiciando uma microbiota mais saudavel (HAULY & MOSCATTO, 2002;

RODRIGUEZ, MEGIAS & BAENA, 2003).

Sdo classificados como prebidticos os carboidratos lactitol, lactulose, fruto-
oligossacarideos (FOS), inulina, galacto-oligossacarideos (GOS), oligossacarideos da soja,
xilooligossacarideos 23 (XOS), amido resistente, isomaltooligossacarideos, lactossacarideo,
Palatinose®, dentre outros (RODRIGUES et al., 2012). Dentre os prebidticos citados, 0s mais
amplamente estudados e comercialmente utilizados sdo a inulina, os fruto-oligossacarideos
(FOS) e os galacto-oligossacarideos (GOS) (DAVIS et al., 2010).

Além dos prebidticos mais conhecidos como, por exemplo, os FOS e GOS, novos
compostos foram estudados para a sua inclusdo na lista dos prebidticos, como amidos
resistentes, pectina, arabinoxilano, grdos integrais e compostos ndo hidratados, como
polifendis (VALCHEVA & DIELEMAN, 2016).

Os seguintes efeitos benéficos sdo atribuidos a ingestao de prebioticos:

e Estimulacéo seletiva de bactérias benéficas presentes no célon;

e Potencial para reprimir patdgenos e limitar viruléncia por imunoestimulacao;
e Modulacdo da absor¢éo de célcio e do metabolismo lipidico;

e Reducdo do risco de cancer de colon (SAAD et al., 2013).

Apos a fermentacdo dos prebioticos, metabolitos podem ser liberados pelas bactérias

no trato intestinal, principalmente acidos graxos de cadeia curta (acético, butirico e
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propidnico). Esses acidos possuem a capacidade de atuar diretamente ou indiretamente sobre
as células intestinais tendo acdo no controle de processos inflamatérios, de carcinogénese e
eliminacdo de compostos nitrogenados, alem de poder atuar no alivio da constipacdo, na
reducdo de infeccBes intestinais e na reducdo do nivel do colesterol sérico (SAAD, 2006).
Além disso, os prebiodticos aumentam o peso fecal, reduzem o pH do célon luminal, diminuem
0s produtos nitrogenados e enzimas redutoras, além da modulac¢do do sistema imunoldgico
(SAAD etal., 2013).

2.3.1 Farelo de arroz

A producéo de arroz tem maior destaque nos paises asiaticos, seguidos do Brasil, além
disso, 0 arroz € o segundo cereal de maior producdo e consumo no mundo (FAO, 2005). O
farelo de arroz é um dos subprodutos resultantes do beneficiamento do arroz, obtido a partir
de camada externa de cariatide de arroz, que representa de 8% a 11% do peso total do gréo, e
que é obtido a partir do seu polimento (PARRADO et al., 2006). O farelo é de baixissimo
custo e possui elevadas propriedades nutricionais, no entanto, atualmente, destina-se para
alimentacdo animal (PARRADO et al., 2006).

No entando, no Brasil, o aproveitamento dos subprodutos resultantes do
beneficiamento do arroz ainda é pouco explorado, sendo assim, a casca e o farelo ainda séo
vistos como sindnimos de poluicdo ambiental (CARVALHO & BASSINELLO, 2006). Em
virtude disso, estudos acerca do aproveitamento destes compostos Sao necessarios.

O consumo de farelo de arroz tem mostrado diversos beneficios a satde relacionados a
prevencdo de disfungbes como, cancer, hiperlipidemia, hipercalcilria, calculos renais em
criancas e para doencas cardiacas. Eestes efeitos ndo ocorrem quando se ingere 0 arroz
branco/polido (JARIWALLA, 2001). Além disso, o farelo de arroz possui componentes
bioativos como o orixanol, tocoferol e o acido fertlico, compostos que atuam diminuindo o
colesterol e facilitando a defecacdo (HARTI, NURHIDAYATI & HANDAYANI, 2013).

Os polissacarideos ndo amilaceos presentes no farelo de arroz exibem atividades
altamente antibacterianas e antioxidantes e podem ser desenvolvidos como prebioticos (KIM
et al., 2014, LIU et al., 2017). Os prebidticos a base de farelo de arroz podem prevenir a
doenca inflamatoria intestinal e promover o impacto benéfico na mucosa intestinal através da
estimulagdo de bactérias probidticas (HAM et al., 2015; KURDI & HANSAWASDI, 2015;
MOONGNGARM et al., 2012). Além disso, as propriedades hipoalergénicas e
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anticancerigenas das proteinas do farelo de arroz tornam esse composto uma fonte potencial
de nutricdo para desenvolver alimentos funcionais para pré-escolares e populagbes com
alergias a proteinas (FABIAN & JU, 2011; FRIEDMAN, 1996).

2.3.2 Hi-maize

O Hi-maize ou amido resistente é “a quantidade total de amido, e seus produtos de
degradagao, resistentes a digestdo no intestino delgado de pessoas saudaveis”. O hi-maize
resiste a digestdo e € fermentado no intestino grosso, sendo por este motivo caracterizado
como prebidtico. Sua digestdo resulta na producdo de acidos graxos de cadeia curta, como
por exemplo, acido acético, propidnico e butirico, compostos capazes de reduzir o
aparecimento de células cancerigenas, reduzir a constipacao e inibir a sintese de colesterol
(HI-MAIZE, 2009; PEREIRA, 2007; SALGADO et al.,, 2005; SHARMA, YADAV &
RITIKA, 2008).

Por possuir tamanho de particulas pequeno, o uso do amido resistente pela industria de
alimentos é de grande interesse. Sua adi¢cdo ndo altera as caracteristicas sensoriais do produto,
além disso, a adicao deste composto promove o aumento do valor nutricional e dos beneficios
fisiologicos do alimento. O amido resistente confere os efeitos funcionais de uma fibra
dietética e possui baixa capacidade de retencdo de agua (SHARMA, YADAV & RITIKA,
2008). A dose diaria recomendada pra a ingestdo do amido resistente € de cerca de 20 g / dia,
porém, a partir da ingestdo de 2,5 a 5 g / dia, efeitos prebidticos ja podem ser alcangados
(ANADON et al., 2016).

2.3.3 Inulina

A inulina é um carboidrato de reserva encontrado nas plantas da familia Asteraceae,
sendo a espécie Cichorium intybus (chicoria) a mais utilizada para a sua extracdo industrial
(ROBERFROID, 2007; RONKART et al., 2009). Além do seu potencial como prebidtico, a
inulina também é muito utilizada pela indUstria de alimentos por sua capacidade edulcorante,
além de ser um substituto para gorduras e fibras alimentares. Sua estrutura quimica consiste
em subunidades de frutose, mistura de oligdmeros e polimeros, ligados entre si por ligagdes -

(2-1) frutofuranosidicas e a uma glicose terminal (OLIVEIRA et al., 2009; SAAD, 2006).
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A inulina € resistente a digestdo na porcdo superior do trato intestinal, alcangando o
intestino grosso praticamente intacta, onde é fermentada por bactérias, atuando como
prebidtico (KNUDSEN & HESSOV, 1995; ROBERFROID, 1998). Ela estimula
seletivamente o crescimento de bactérias &cido-lacticas e mantém em niveis baixos 0s
Bacteroides, Clostridia ou coliformes contribuindo na prevencdo de céncer de cdlon
(GIBSON & ROBERFROID, 1995).

Além disso, varios outros efeitos positivos atribuidos a ingestdo da inulina ja foram
relatados, como por exemplo, favorecimento da absor¢éo de calcio no organismo, melhorando
0 contetdo mineral e a densidade mineral Gssea; reducdo nos niveis de colesterol total e
séricos e atuacdo sobre fatores de risco para doengas coronarias como hipertensdo, obesidade
e diabetes (ANDERSON, 1995; ASCHERIO et al., 1992; MANSON et al., 1995).

De acordo com a legislagdo brasileira “A inulina contribui para o equilibrio da flora
intestinal. Seu consumo deve estar associado a uma alimentacdo equilibrada e habitos de vida
saudaveis”, sendo recomendada a ingestdo diaria no minimo 3 g no produto pronto para

consumo (para alimentos sélidos), ou 1,5 g para alimentos liquidos (BRASIL, 2008).

2.4 SIMBIOTICOS

Ao se levar em considerarcdo 0s probioticos, sua dosagem e viabilidade sdo
parametros relevantes para sua eficacia e os prebidticos tém a capacidade de melhorar a
viabilidade e vitalidade do probidtico, sua sobrevivéncia na passagem pelo trato
gastrointestinal e sua aderéncia e crescimento no intestino (BURGAIN et al., 2011).
Caracterizam-se como simbidticos o0s produtos que contenham simultaneamente
microrganismos probidticos e ingredientes prebioéticos (SCHREZENMEIR & VRESE, 2001).

No entando, os simbioticos ndo se limitam apenas a uma mistura de probidticos e
prebioticos, mas se fundamentam em uma sinergia entre os dois componentes (OUWEHAND
et al., 2007). Os compostos prebidticos sdo consumidos por probidticos no célon como uma
fonte de carbono ou energia, resultando no aumento da contagem de probidticos e na reducao
de patogenos no intestino (VERNAZZA, RABIU & GIBSON, 2006). Aléem disso, a presencga
de prebioticos melhora a sobrevivéncia dos probiéticos durante o armazenamento do produto
no qual é introduzido e durante a passagem pelo trato gastrointestinal, estimulando assim o
crescimento e a atividade das bactérias endogenas ja presentes no célon, bem como das

exogenas que sdo provenientes do alimento ingerido (PANDEY et al., 2008).
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2.5 MICROENCAPSULACAO

A microencapsulacdo teve seu inicio na década de 30, onde foi empregada
primeiramente na area farmacéutica com a técnica denominada pan coating (SANTOS,
FERREIRA & GROSSO, 2001). Os primeiros estudos utilizando a microencapsulacdo na area
de alimentos foram em meados dos anos 60, com a microencapsulacdo de 6leos essenciais,
objetivando a liberacdo controlada do aroma, prevencdo da oxidacdo e perda de compostos
volateis (RE, 2000).

Atualmente, varios compostos vém sendo microencapsulados, incluindo acidulantes,
agentes aromatizantes, corantes, lipidios, vitaminas, minerais, enzimas e microrganismos
(FANG & BHANDARI, 2010). Dentre os motivos para a utilizagdo da microencapsulacéo
estdo: a capacidade de modificar e melhorar a aparéncia de um composto; evitar a reacdo do
agente encapsulado com o ambiente externo; promover a liberagcdo controlada do material
ativo; diminuir a velocidade de difusdo do agente ativo do interior da célula para 0 meio;
mascarar odores e sabores desagradaveis, além de facilitar uma diluicdo homogénea do
material encapsulado em uma formulacédo alimenticia (SHAHIDI & HAN, 1993).

Para sua ingestdo, as cepas probioticas selecionadas devem ser adequadas para a
producdo industrial em grande escala com a capacidade de se materem vidveis durante a
producdo e armazenamento como culturas congeladas ou secas, se apresentando em nimero
suficiente no momento do consumo (TRIPATHI & GIRI, 2014). Para aumentar a resisténcia
desses microrganismos frente as condicdes adversas, foram propostas diferentes abordagens,
incluindo a selecdo apropriada de cepas resistentes &cidas e bileas, uso de recipientes
impermedveis ao oxigénio, fermentacdo em dois passos, adaptacdo ao estresse, incorporacdo
de micronutrientes e microencapsulacdo (SARKAR, 2010).

A microencapsulacdo é uma das formas mais eficazes de aumentar a resisténcia dos
probidticas e tem sido amplamente utilizada na inddstria de alimentos, protegendo-os das
condicBes indesejaveis e funcionando como um veiculo para entrega-los ao intestino com um
namero suficiente e viabilidade para exercer seus beneficios (BURGAIN et al.,, 2011,
CHOTIKO & SATHIVEL, 2016).

A microencapsulagdo consiste na embalagem de elementos ativos em capsulas
minusculas como particulas que descarregam seu conteudo em certas propor¢des durante
longos periodos de tempo (CORBO et al., 2013). O material a ser encapsulado é definido
como nucleo ou material ativo, enquanto o material que envolve o ndcleo é chamado de

material de parede, carreador ou agente encapsulante (MADENE et al., 2006). Este processo
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assegura diversos beneficios para as células probidticas, incluindo: protecdo contra
bacteriéfagos e fatores prejudiciais como a liofilizagdo, congelamento e armazenamento e
converté-los em uma forma em pod mais facil de usar, pois aumenta sua distribuicdo
homogénea em todo o produto (MORTAZAVIAN et al., 2007).

As microparticulas devem ser projetadas para liberar o material de ndcleo no local de
acdo e no momento desejado. Diferentes meios de liberacdo podem ser utilizados para o
rompimento das microcapsulas liberando o material encapsulado, tais como, formca
mecanica, pH, enzimas, temperatura, forca osmotica, entre outros (GOUIN, 2004; SILVA et
al., 2014).

As capsulas podem ser classificadas de duas formas, sendo elas:

e Sistema do tipo reservatorio, onde o nucleo fica concentrado somente na regido
central, e é envolto pelo material de parede;

e Sistema matricial, definidas como microesferas ou microparticulas, onde o nucleo se
encontra totalmente disperso na matriz de encapsulagéo, na qual uma pequena fracéo
do material encapsulado permanece exposta na superficie, conforme figura 1
(WHORTON, & REINECCIUS, 1995; RE, 1998).

Figura 1 - Morfologia de diferentes tipos de microcapsulas.

Simples Irregular
m /~.
—~—l
Nultinucleada NMulticamadas

Fonte: Adaptado de (GHARSALLAOUI, ROUDAUT, CHAMBIN, VOILLEY, & SAUREL, 2007).

No processo de encapsulacéo, as particulas geradas séo classificadas de acordo com o

seu tamanho. As macrocapsulas apresentam didmetro acima de 5.000 pm, j& as microcapsulas



21

entre 0.2 a 5.000 um e as nanocédpsulas possuem diametros menores que 0.2 pm
(BORGOGNA et al., 2010; GIBBS et al.,, 1999).

2.6 METODOS DE MICROENCAPSULAGAO

Os métodos de microencapsulacdo podem ser divididos por:

e Meétodos fisicos: incluem spray drying, spray cooling, pulverizacdo em banho térmico,
leito fluidizado, extrusdo centrifuga com mdltiplos orificios, cocristalizacdo e
liofilizag&o.

e Meétodos quimicos: inclusdo molecular e polimerizagéo interfacial.

e Meétodos fisico-quimicos: coacervacdo ou separacdo de fases, emulsificacdo seguida
de evaporacdo do solvente, pulverizagdo em agente formador de reticulagdo e
envolvimento lipossémico (SANTOS, FERREIRA & GROSSO, 2000).

A escolha do melhor método para microencapsular um composto ird depender das
propriedades do material a ser encapsulado, principalmente quanto a sua solubilidade e do
tipo de particula desejada, visando a sua forma de protecdo e liberacao, além da sua finalidade
(modificacdes na liberacdo) no produto (GONSALVES et al., 2009).

A microencapsulacdo de células probidticas é desenvolvida principalmente por meio
de trés principais categorias: emulsdo, extrusdo e spray drying (que inclui spouted bed drying)
(COOK etal., 2012).

2.6.1 Gelificacdo idnica interna / emulsificacao

A microencapsulacédo pela técnica de gelificacdo idnica interna origina microparticulas
atraveés da formacédo de uma emulséo do tipo agua em 6leo (A/O). A solucédo para a producéo
das microcapsulas contém o material encapsulante, 6leo vegetal, uma fonte de calcio como,
por exemplo, o carbonato de célcio, um surfactante e um &cido organico que reage com o
carbonato de célcio para formar as microcapsulas. O cloreto de calcio também é utilizado
nesta técnica, e quando adicionado a emulsdo faz com que ocorra a separacdo de fases
(COOK et al., 2012; KRASAEKOOPT, BHANDARI & DEETH, 2003).



22

A producdo das microparticulas ndo envolve altas temperaturas e faz uso de materiais
de baixo custo, potencializando esta técnica para emprego em escala industrial (WESTERIK,
SCHOLTEN & CORREDIG, 2015). Devido a isso, esta técnica € de facil reproducéo e é
caracterizada por proporcionar uma alta taxa de sobrevivéncia do microrganismo encapsulado
(LAKKIS, CHEN & CHEN, 2007).

De acordo com esta técnica, a fase aquosa, formada pelo material encapsulante (por
exemplo o alginato) e a fonte de célcio (carbonato de célcio), € adicionada a fase oleosa (6leo
vegetal, agente emulsificante e &cido acético), gerando as seguintes reacdes (LIU et al.,
2007):

1. Difuséo de acido acético a partir da fase oleosa para a fase aquosa.
CH3;COOH(0) —CH3COOH (a)

2. O ion hidrogénio € liberado do &cido acético para a fase aquosa
CH;COOH —>H"+ CH,COO

3. O calcio € liberado pela reacdo entre o ion de hidrogénio e o sal de calcio insolavel.

4. A formagdo de gel se d& gradualmente através da reacdo entre célcio e os residuos dos
acidos glucurénicos da cadeia do material de parede (no caso do alginato), formando a
estrutura conhecida como "eggbox" na qual, metaforicamente, 0s ovos seriam ions de

calcio.

2 Alg~ + Ca*? —>Ca (Alg) »


https://www.sciencedirect.com/science/article/pii/S1005904007601275#!
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Figura 2 - Esquema do processo de gelificacdo idnica interna.
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Fonte: Adaptado de (MARTIN, LARA-VILLOSLADA, RUIZ, & MORALES, 2015).

Ao se comparar com a técnica de extrusdo, a emulsificacdo permite maior controle do
tamanho das particulas e além de uma producdo em larga escala (KRASAEKOOPT,
BHANDARI & DEETH, 2003). Diametros menores do que 100 um podem ser obtidos em
microparticulas produzidas pela técnica de gelificacdo interna, o que permite que elas sejam
incorporadas em alimentos sem afetar seus atributos sensoriais (CHANDRAMOULI et al.,
2004; CUI et al., 2000; HANSEN et al., 2002). Para isso, é necessario que se avalie a
concentracdo do agente encapsulante, velocidade de rotacdo na emulsdo e concentracdo de

emulsificante, por serem fatores que podem interferir no didmetro das microcapsulas
(AHMED et al., 2013).

2.7 MATERIAIS ENCAPSULANTES
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A selecdo do material encapsulante é feita em funcdo da aplicagcdo pretendida, das
propriedades fisicas e quimicas do agente ativo e do método utilizado para formar as
microparticulas. A composi¢do do agente encapsulante ira depender do tipo de aplicacdo a
que se destina, podendo ser comestiveis (carboidratos, proteinas) ou polimeros de origem
natural, semissintética ou sintética (ANSON, 2005). Além disso, para a formacdo das
microparticulas, os agentes encapsulantes podem ser utilizados sozinhos ou em combinacéo
(FERNANDES, CANDIDO & OLIVEIRA, 2012).

Visto que o material encapsulante pode influenciar na estabilidade dos compostos
encapsulados, para a sua escolha deve-se considerar os seguintes aspectos:

e Solubilidade, massa molecular, transicdo vitrea, cristalinidade, difusibilidade,
formacdo de filme e propriedades emulsionantes do material,

e Propriedades fisico-quimicas do nucleo;

e Compatibilidade como o material de nucleo;

e Tipo de liberacdo que se objetiva;

e Funcionalidade proporcionada ao produto final;

e Fatores econdmicos;

e Se 0 composto é comestivel, biodegradavel e soltvel em agua a um nivel aceitavel;

e Sabor e odor suaves;

e Apresentar facil reconstituicdo e manuseamento (GHARSALLAOUI et al., 2007,

NEDOVIC et al., 2011).

2.7.1 Pectina

A pectina pode ser encontrada na parede celular de plantas e nas camadas
intercelulares (lamela média) de células vegetais, sendo responsavel por proporcionar rigidez
estrutural as plantas (THAKUR, SINGH & HANDA, 1997). A estrutura deste polissacarideo
é formada por uma cadeia linear de unidades de &cido galacturdnico unidas por liga¢des a. 1,4
em que os grupos carboxilicos do acido galacturdnico podem estar esterificados por
grupamentos metil (RALET et al., 2003).

Por ser encontrado na maior parte das plantas terrestres e em varios frutos, o
organismo humano estd habituado a este polissacarideo, sendo improvavel que haja
manifestaces de intolerdncia géstrica pela sua ingestdo, mesmo em doses muito elevadas. A

propriedade mais atrativa da pectina tanto para a industria farmacéutica quanto de alimentos é


https://www.sciencedirect.com/science/article/pii/S2211601X11002665#!
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a sua capacidade de formar géis, podendo atuar como agente gelificante, espessante ou como
estabilizante (URBANO, 2004).

A percentagem de grupos acidos na forma de ésteres metilicos presentes na cadeia de
pectina designa-se por grau de esterificagao. As propriedades do gel sdo afetadas pelo tipo de
pectina (grau de esterificacdo), arranjo de ésteres metilicos, concentracdo do polissacarideo e
ion divalente, método de preparo do gel, além do tempo de reacdo ser o suficiente para a
ligacdo cooperativa de fons Ca®* (FRAEYE et al., 2010; HOEFLER, 2004).

As pectinas podem ser classificadas com base no grau de metoxilacdo em: baixa (0-
40%), média (40 a 60%) e alta (mais de 60%) metoxilacdo (REVUELTA et al., 2016). As
pectinas com baixo e médio grau de metoxilacdo sdo capazes de produzir géis reversiveis na
presenca de cations multivalentes, em contrapartida, pectinas com alto grau de metoxilacéo
formardo géis irreversiveis na presenca de solutos (por exemplo, agUcares) sob pH acido
(MCCLEMENTS, 2015). Pelo fato de o grupo éster ser mais hidrofébico que o grupo
carboxilico, uma pectina com um alto grau de esterificacdo ira gelificar com temperaturas
mais altas do que uma pectina com um grau de esterificagdo menor (GILABERT, 0000).

A formacéo de géis de pectinas de baixo teor de metoxilacdo ocorre apos ligacao dos
ions bivalentes de calcio aos grupos carboxila acido D-gulurdnico, constituindo o modelo da
“caixa de ovos” (BRACCINI & PEREZ, 2001).

Para as pectinas com baixo grau de metoxilagéo, a formacao de gel ocorre na presenca
de cations bivalentes (geralmente ions calcio), que atuam como pontes entre pares de grupos
carboxilicos (AXELOS & THIBAULT, 1991). As interacfes entre os cations e 0S grupos
carboxilicos sdo descritas através do modelo “caixa-de-ovos” envolvendo um processo de
duas fases de dimerizagéo inicial e subsequente agregagdo das “caixas-de-ovos” pré-formadas
(GRANT etal., 1973; POWELL et al., 1982).

Além de despertar interesse pela sua capacidade como agente gelificante, espessante e
estabilizante, estudos demonstram que a fermentagdo da pectina aumenta a massa fecal e

apresenta propriedades bifidogénicas e prebiodticas (NAZZARO et al., 2012).
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3. ARTIGO1

Use of different prebiotic sources in the development of pectin microparticles containing
Lactobacillus acidophilus LA-5 obtained by internal ionic gelation

ABSTRACT

The aim of this study was to investigate the influence of the addition of hi-maize, inulin and
rice bran prebiotics on the survival of Lactobacillus acidophilus LA-5 microencapsulated in
pectin by internal ionic gelation. Microparticle size, physical-chemical characterization,
encapsulation efficiency, gastrointestinal simulation, and storage stability were analysed. The
size of the microparticles ranged from 24.4 um (PEC treatment) to 462 um (PIN treatment).
High levels of humidity were observed (80.61% - 96.16%). Ash content ranged from 0.43 to
1.60% and lipid and carbohydrate levels varied between 1.15 - 2.76% and 1.29 - 15.64%,
respectively. The PRB treatment showed higher levels of protein in relation to the other
treatments (2.12%). The PRB and PIN encapsulation matrices presented the highest
encapsulation efficiency, 91.24% and 90.59%, respectively. All treatments provided greater
protection to the microorganism after passage through the simulated gastrointestinal tract
when compared to the free microorganism. Regarding the viability in different storage
conditions, at 25 °C the probiotics remained viable in all treatments for 120 days. At the
temperature of -18 °C, the PHM and PRB treatments preserved the microorganism viable for
90 days. At 7 °C, the PRB treatment remained viable during the 120 days of storage. Thus, the
microparticles developed in this study, besides allowing a long viability of the probiotic L.
acidophilus, still represent an efficient system for the introduction of symbiotic compounds in
food matrices, impelling the development of new functional foods.

Keywords: microencapsulation, probiotics, inulin, rice bran, hi-maize, emulsification,

synbiotics.
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1. Introduction

In recent years, it has increased worldwide the consumption of foods that promote
well-being, health and reduce the risk of diseases, such as probiotic and prebiotic products
(Silveira et al., 2014). Probiotics are “live microorganisms which when administered in
adequate amounts confer a health benefit on the host” (FAO/WHO, 2006), on the other hand,
prebiotics are considered as nondigestible food ingredients that benefit the host by selectively
stimulating the growth of beneficial bacteria (Roberfroid et al., 2010).

Typical prebiotics are dietary fibres which generally consist of inulin, oligosaccharides
and resistant starch (hi-maize) (Buttriss, & Stokes, 2008). Recent studies have shown that rice
bran is an appropriate byproduct with suitable properties as a prebiotic potential, and contains
beneficial substances such as polyphenols, essential fatty acids, antioxidants (oryzanol,
tocopherol, tocotrienol and ferulic acid), food fibers (arabinogalactan, hemicellulose,
arabinoxylan, proteoglycan, xyloglucan and raffinose), among others, that contribute to the
development of functional products (Demirci, Aktas, Sozeri, Oztiirk, & Ak 2017; Kataoka
et al., 2008; Sierra et al., 2005, Zubaidah, Nurcholis, Wulan, & Kusuma 2012).

Once consumed, it is necessary for probiotics to survive the low pH and bile acids
present in the intestine, in order to reach the colon in large quantities to facilitate colonization
and thus to exert a beneficial effect on the host (Agrawal, 2005; Ferrando, Quiberoni,
Reinhemer, & Suarez, 2015; Li, Chen, Sun, Park, & Cha, 2011). Similarly, when introduced
into food, they should resist factors such as low pH, oxygen, storage temperature and
composition of the food matrix (Patrignani et al., 2017).

The combination of probiotic and prebiotic agents gives rise to a synbiotic product,
which can improve the survival of probiotic bacteria in the upper gastrointestinal tract and
increase its effect on the large intestine (Al-Sheraji et al., 2013). In combination to this, to
improve the resistance of probiotic cells, there is the effective method called
microencapsulation (Arslan-Tontul, & Erbas, 2017; Rather, Akhter, Masoodi, Gani, & Wani,
2017). Microencapsulation is the process in which a core material is conditioned within a thin
layer of coating material and is widely used in the stabilization, solubilisation and release of
active components, it also provides the protection of the encapsulated material against
bacteriophage, harmful factors of the freeze drying steps, passage through the gastrointestinal
tract and storage temperatures (Dias, Botrel, Fernandes, & Borges 2017; Fernandes et al.,
2016; Timilsena, Wang, Adhikari, & Adhikari, 2017).

Among different existing microencapsulation methods, there is the

emulsification/internal ionic gelation. In this technique, calcium is dispersed in the form of an
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insoluble salt in the encapsulating solution. This mixture is emulsified in an oil phase in order
to obtain a water-in-oil type emulsion. The calcium present in the internal phase is released by
acidification of the external oil phase causing gelation of the encapsulating material (Poncelet
etal., 1992).

An important criterium for the production of the microparticles is the selection of an
suitable encapsulating material. Pectin is a polysaccharide which constitutes the cell walls of
most plants, being generally extracted from fruits and has been widely used in the food and
pharmaceutical industry as a gelling agent, thickener and stabilizer (Esfanjani, Jafari, &
Assadpour 2016; Munarin, Tanzi, & Petrini, 2012). Moreover, oligosaccharides obtained from
pectin were classified as excellent candidates for emerging prebiotics (Hotchkiss, Olano-
Martin, William, Gibson, & Rastall, 2003).

Therefore, the aim of this study was to evaluate the effect of the addition of different
prebiotics (inulin, hi-maize and rice bran) at 10% in 1% pectin microparticles containing
Lactobacillus acidophilus LA5 and produced by the emulsification/ionic gelation technique,
when exposed to the gastrointestinal tract simulation and storage at different temperatures (25
°C, 7°C and -18 °C).

2. Material and Methods

2.1 Materials

For encapsulation, pectin of low degree of methoxylation (CP Kelko, Limeira, S&o
Paulo, Brazil), hi-maize (National Starch Food Innovation, Indianapolis, Indiana, USA),
inulin (Metachem, Higiendpolis, Sdo Paulo, Brazil) and rice bran (Hnutri, Ipiranga, Séo
Paulo, Brazil) were used. Sunflower oil (Salada, Poco Grande, Gaspar, Santa Catarina,
Brazil). CaCO3; (Neon Comercial Ltda, S&o Paulo, Brazil). Other products such as Tween 80,
C,H40; and CaCl,.2H,0 (Vetec Quimica Fina Ltda, Rio de Janeiro, Brazil).

2.2 Inoculum

The probiotic culture Lactobacillus acidophilus LA-5 (Christian Hansen) was
activated in MRS broth (Himedia) and incubated for 18 h at 37 °C. Then, it was centrifuged at
5460 rpm for 15 minutes and the culture was washed with NaCl solution (0.85%). Cells were

suspended in saline to obtain a solution containing around 11 log CFU g™.
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2.3 Microencapsulation process

Four microparticles solutions were produced, one containing only 1% pectin (PEC),
the second containing 1% pectin + 10% hi-maize (PHM), another containing 1% pectin +
10% inulin (PIN) and the last containing 1% pectin + 10% rice bran (PRB). Microparticles
were produced by the emulsification/internal ionic gelation technique according to Poncelet et
al., (1992) and Holkem et al., (2016), with modifications. For this purpose, 40 mL of pectin
solution (1%), prebiotic (10%), probiotic culture and 2 mL of CaCOj3 suspension (500 mM
Ca®") were mixed. The mixture was dispersed in 200 mL of sunflower oil containing 1.5%
Tween 80 at 900 rpm for 15 minutes using a mechanical stirrer (Quimis®, Diadema, S&o
Paulo, Brazil). After, 40 mL of sunflower oil containing 160 pL of glacial acetic acid was
added to the emulsion and stirred for 5 minutes. After 5 minutes, the stirring was stopped and
the microparticles were separated by adding 300 mL of a 0.05M CaCl,-2H,0 solution and
then filtered through a 0.038 mm sieve (400 mesh) and washed in distilled water at pH 4.0 for

oil removal.

2.4 Enumeration of microencapsulated Latobacillus acidophilus LA-5

Serial dilutions were transferred to sterile Petri plates containing MRS agar (Himedia
Curitiba, Parana, Brazil), in triplicate. Plates were incubated at 37 °C for 72 h in anaerobic
jars containing anaerobic generator (Oxoid, Sdo Paulo, Brasil). The dilution of the
microparticles comprised weighing 1 g of microparticles followed by the addition of 9 mL
sterile phosphate buffer solution (pH 7.5), according to the methodology described by Sheu,
Marshall, & Heymann (1993). Results were shown as log colony forming units per gram (log
CFU g™).

2.5 Characterization of microparticles

2.5.1 Morphology and particle size distribution
The morphology of the microparticles was evaluated using an optical microscope
(Carl Zeiss Axio Scope.Al, Oberkochen, Germany) equipped with an Axio Cam MRc digital
camera (Carl Zeiss). Particle size distribution was determined using the Mastersizer 2000
laser diffraction equipment (Malvern, Germany).

2.5.2 Composition of the microparticles
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The microparticles were characterized for moisture (% w/w), lipids (% w/w), proteins
(% w/w) and ash (% w/w) according to AOAC (Association of Official Analytical Chemists)
methodologies (2005). The carbohydrate content was calculated by the difference between

100 and the sum of the proteins, lipids, ashes and moisture.

2.6 Encapsulation efficiency

The encapsulation efficiency (EE%) is the survival rate of the microorganisms during
the microencapsulation process, calculated according to Eq. (1), as proposed by Martin, Lara-
Villoslada, Ruiz, & Morales (2013).

EE% = (N/ Ng) X 100 (1)

Where N is the number of viable cells (log CFU g™) released from the microparticles
and Ng is the number of viable cells (log CFU g™) in the cell concentrate used for

microencapsulation. The viable cell count was performed as described in Section 2.4.

2.7 Evaluation of the survival of free and microencapsulated Lactobacillus acidophilus
LA-5 exposed to simulated gastrointestinal conditions

The method proposed by Madureira et al., (2011), with adaptations, was used to
submit the microparticles under simulated gastrointestinal conditions. The viability of the
bacteria was determined on average by simulating different sections of the gastrointestinal
tract, such as esophagus/stomach (addition of pepsin, pH adjusted to 2.0 for 90 minutes),
duodenum (addition of pancreatin and bile salts, pH adjusted to 5, 0 for 20 min) and ileum
(pH adjusted to 7.5 for 90 min). The analysis was performed in a TE 421 Shaker (Tecnal,
Piracicaba, SP, Brasil), at 37 °C, simulating body temperature. Aliquots were collected after
90 min (esophagus/stomach), 110 min (duodenum) and 200 min (ileum) to determine the
survival of free and microencapsulated Lactobacillus acidophilus LA-5. Probiotic cultures

were counted in MRS medium as described in Section 2.4.

2.8 Viability of Lactobacillus acidophilus LA-5 at different storage conditions

The viability of the microencapsulated bacteria during storage under three temperature
conditions (-18 °C, 7 °C and 25 °C) was investigated to determine the shelf life of the
microparticles. Viable cells were enumerated after 0, 15, 30, 45, 60, 75, 90, 105 and 120 days

of storage using MRS agar as described in Section 2.4.

2.9 Statistical analysis
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The data were submitted to an analysis of variance (ANOVA) using Statistica version
7.0 software (2004; Statsoft Inc., Tulsa, OK, USA), followed by Tukey's means comparison
test at a level of 5% significance of treatments showing possible significant differences. All

the tests were performed in triplicate and the data expressed as means + standard deviations.

3. Results and discussion

3.1 Characterization of the microparticles

The morphology of the microparticles was observed through an optical microscope.
According to Fig. 1, it is possible to observe that in general the treatments presented
microparticles with spherical shape and smooth surface, as well a relatively uniform size.

In the internal gelation/emulsification technique, the particle size can be controlled by
the concentration of the encapsulating agent, the stirring speed and the concentration of the
emulsifier used, which can result in microparticles ranging from 2 mm to 25 um (Ahmed, El-
Rasoul, Auda, & lbrahim, 2013; Martin, Lara-Villoslada, Ruiz, & Morales, 2014). In this
study, the mean diameter of the microparticles from the different treatments ranged from 24.4
— 462 um (Tablel), and the smallest particle size was obtained in the PEC treatment, whereas
the treatment with the largest mean diameter was PIN. The treatments PHM and PRB
presented particle size of 37.6 pum and 79.1 um, respectively. Similar results were found by
Song, Yu, Gao, Liu, & Ma (2013) who prepared microparticles containing probiotics by
emulsification/internal ionic gelation technique, which presented a size distribution ranging
from 35 to 373 um. For food application, it is desirable that the microparticles present a
diameter of no more than 100 um, since above that they may have a negative impact on the
sensory characteristics of the product (Costa et al., 2015).

The size distribution of the microparticles obtained by internal ionic gelation depends
on the size of the emulsion droplets (Song, Yu, Gao, Liu, & Ma, 2013). The microparticles
containing prebiotics were significantly (p<0.05) larger than those containing only pectin
(Table 1), which may have occurred due to the increase in the polymer concentration of the
wall matrix due to the incorporation of the prebiotic. By increasing the polymer concentration,
the viscosity of the internal phase of the primary emulsion can also be increased, causing the
strength to break into smaller droplets and result in larger sizes of microparticles (Lee, & Heo,
2000; Lokhande, Deshmukh, & Patil, 2013).
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The highest mean diameter observed in microparticles of inulin treatment may have
occurred because due to its long chain length, when incorporated into water, inulin has the
ability to form microcrystals. Such a gel is composed of a tri-dimensional network of
insoluble crystalline inulin particles in water, and large amounts of water are immobilised in
this network (Franck, 2002).

Valero-Cases & Frutos (2015) studied the effect of the addition of different
concentrations of inulin (1% and 2%) on alginate microparticles obtained through
microencapsulation by internal gelation and observed that the capsules with 2% of inulin were
significantly (p<0.05) higher than those with 1% of inulin and without inulin.

Table 1 shows the physical-chemical characterization of microparticles. High moisture
levels were observed, on average 95.11%, 80.61%, 96.16% and 87.50% for PEC, PHM, PIN
and PRB treatments, respectively, due to the large water retention capacity of the wall
material (Aguilar et al., 2015). The ash content ranged from 0.43 - 1.60%, and the lipid and
carbohydrate contents ranged from 1.15 - 2.76% and 1.29 - 15.64%, respectively, probably
due to the oil residue that remained on the surface of the capsules after the microencapsulation
process and the compounds used as wall material. Higher protein levels were observed for
PRB treatment (2.12%), while PEC, PHM and PIN treatments presented protein value of 0.14,
0.54 and 0.58%, respectively. The highest protein content in PRB treatment is due to the
addition of rice bran, which, according to Moongngarm, Daomukda, & Khumpika (2012), has
a protein content of 12.07-13.66%.

Recent studies have shown satisfactory results in the incorporation of probiotic
microorganisms into foods of different categories (Lalicic-Petronijevic et al., 2015, Pimentel,
Madrona, & Prudencio, 2015). However, there are still few studies that report the effect of the
addition of microparticles containing probiotic bacteria on the sensory characteristics of these

products.

3.2 Encapsulation efficiency
Encapsulation efficiency is one of the most important parameter indicating the effect
of encapsulation process and selected wall matrix (Cabuk, & Harsa, 2015). As shown in Table
1, all treatments presented high encapsulation efficiency (EE%), ranging from 82.65% to
91.24%, with significant difference (p<0.05) among treatments, except for PIN and PRB
(p<0.05). The best EE% results were obtained in treatments PRB and PIN (91.24 % and 90.59

%, respectively).
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Similar to our study, Jantarathin, Borompichaichartkul, & Sanguandeekul, (2017)
observed an EE% of (88.19%) by using the extrusion technique to microencapsulate the
probiotic L. acidophilus in sodium alginate together with inulin.

In another study, using the internal gelation technique, Zou et al., (2011) produced
alginate microspheres with blending or coating with other polymers containing B. bifidum F-
35, and the mean EE% varied from 43% to 50%. The authors assigned the low results to the
fact that the addition of glacial acetic acid during the internal gelation process had a negative
effect on the survival of probiotic cells. In our study, the internal ionic gelation technique,
together with the wall materials used, proved to be efficient to guarantee the survival of the

microorganism to the microencapsulation process.

3.3 Survival of free and microencapsulated Lactobacillus acidophilus LA-5 exposed to
simulated gastrointestinal conditions

The results for the survival of free and microencapsulated Lactobacillus acidophilus
LA-5 by emulsification/internal ionic gelation in the different treatments, exposed to
simulated gastrointestinal conditions, are presented in Table 2. After the microencapsulation
process, the initial count of L. acidophilus was 9.61 + 0.12, 9.10 + 0.11, 10.06 £+ 0.07 and
10.56 + 0.22 log CFU g™ for the PEC, PHM, PIN and PRB treatments, respectively. On the
other hand, the free microorganism presented initial count of 11.28 + 0.12 log CFU g™. To
produce beneficial effects on the host, probiotics must survive the passage through the
stomach and reach the intestine in large quantities (Sanz, 2007).

The stomach is considered a crucial section for probiotic microorganisms because they
are components sensitive to low pH. In fasting, the stomach has a pH range of 1.3 to 2.5 for
healthy individuals (Kong, & Singh, 2008). After the first 90 min of esophageal/stomach
passage simulation (in the presence of pepsin and pH 2.0), a reduction of 0.34 log CFU g*
was observed for the free microorganism when compared to time zero, proving sensitive to
acidic conditions. Mokarram, Mortazavi, Habibi Najafi, & Shahidi (2009) found that the
unencapsulated Lactobacillus acidophilus and Lactobacillus rhamnosus probiotics were
sensitive to the acid environment of the gastric juice simulation (pH 1.5 for 2h), showing a
reduction from their initial count of 5 and 6 log for L. acidophilus and L. Rhamnosus,
respectively.

Meanwhile, after exposure of the microencapsulated cells to acidic conditions, a

significant reduction (p<0.5) was observed for all treatments when compared to their initial
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count. This reduction is not due to the loss of viability, but to the fact that there was no total
rupture of the particles, thus resulting in the non-release of the microorganism.

After 110 min of analysis, corresponding to the simulation of the passage through the
duodenum (in the presence of bile salts, pancreatin and pH 5.0), the viable cell population of
the free microorganism decreased even more significantly (p<0.5), with a reduction of 2.86
log CFU g™ compared to its initial count.

In relation to the microencapsulated microorganism, larger populations of L.
acidophilus La-5 were observed, thus demonstrating that a slight rupture of the particles may
have occurred, which led to a higher cell count compared with the acidic conditions, as seen
in Table 2. However, there was no total microorganism release, since it was protected by the
microparticles.

At the end of the analysis, after passage through the ileum (pH 6.5), it was observed
that the number of viable cells remained above 6 log CFU g* for both the free and
microencapsulated microorganisms, being within the requirements for probiotic benefits
(FAO / OMS, 2001). Nonetheless, it was observed that the microencapsulation of cells in
pectin, as well as in association with the different prebiotics, conferred greater protection to
the bacterial cells during exposure to the GIT simulation compared to the free cells, once after
the passage through the ileum, the free microorganism presented reduction of 3.30 log in its
viability when compared to time zero. Meanwhile, for the microencapsulated microorganism,
the reduction was 0.11, 0.9, 1.63 and 2.37 log for the treatments PEC, PHM, PIN and PRB,
respectively, in relation to time zero. Therefore, both microparticles containing prebiotics and
those with pectin alone were efficient to guarantee the viability of L. acidophilus LA-5 in the
simulation of the GIT passage, reaching the ileum with a count of 9.50 £ 0.22, 8.20 + 0.17,
8.43 £ 0.33 and 8.19 + 0.12 for the PEC, PHM, PIN and PRB treatments, respectively.

In contrast, Etchepare et al.,, (2016), Chen, Chen, Liu, Lin, & Chiu (2005),
Krasaekoopt, & Watcharapoka (2014) and Hassan, Nawaz, & Rasco (2014) reported lower
bacteria survival in alginate microparticles obtained by extrusion when compared to
microcapsules containing prebiotics (hi-maize, fructooligosaccharides,
galactooligosaccharides / inulin,  fruit  oligosaccharides, monosaccharides and
galactooligosaccharides, respectively) submitted to simulation of simulated gastric juice.

The results of this study are in accordance with the one developed by Chen, Li, Liu, &
Meng (2017), who compared the viability of free and microencapsulated Lactobacillus
bulgaricus by emulsification in relation to the simulated gastric juice and bile tolerance tests

and observed that the mortality of probiotic cells significantly reduced when
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microencapsulated in comparison to free cells. In another study, Ribeiro et al., (2014)
developed yogurts containing free and microencapsulated Lactobacillus acidophilus LA-5 by
ionic gelation and complex coacervation techniques using pectin and whey protein as coating
materials, respectively. After five hours exposure to 1% bile solution, the authors observed a
reduction of 3.5 log and 1.37 log for free and microencapsulated L. acidophilus LA-5,
respectively. Thus, the survival of free L. acidophilus LA-5 was lower when compared to the
yogurt with microencapsulated L. acidophilus LA-5. Furthermore, Holkem et al., (2016)
microencapsulated Bifidobacterium BB-12 by internal gelation and concluded that the
microparticles offered a greater protection to the microorganism during 200 minutes
simulation of passage through the GIT when compared to the free microorganism.

Taking into consideration the different treatments of the microparticles, the one that
provided greater viability at the end of the simulation was the PEC treatment, since it did not
present significant difference (p<0.5) when comparing its initial count with the count of the
released microorganisms in the ileum. Pectin has been receiving attention because it is less
sensitive to chemical agents and more resistant to the gastrointestinal environment than
alginate (Chotiko, & Sathivel, 2016). In another recent study, Gebara et al. (2013) developed
pectin microcapsules containing Lactobacillus acidophilus. Microencapsulated probiotic cells
remained intact after exposure to simulated gastric juice at pH 1.2 and 3.0 for 120 minutes
and simulated intestinal juice at pH 7.0 for 300 minutes. There was less reduction in the

viability of encapsulated cells than in non-encapsulated cells.

3.4 Viability of Lactobacillus acidophilus LA-5 in different storage conditions

Table 3 shows the stability of microencapsulated Lactobacillus acidophilus LA-5
during 120 days of storage at 25 °C, 7 °C and -18 °C, simulating different environmental
conditions. In order for probiotics to exert their beneficial effects on the host, the food must
contain a number of viable cells of probiotic cultures equal to or superior than 6 log CFU g*
(Roy, 2005). During storage of the microparticles, high probiotic viability is desirable since
the number of viable probiotic bacteria in food products depends on the number of probiotics
lost during their formulation, processing, storage and during passage through the
gastrointestinal tract (Saarela, Virkajarvi, Nohynek, Vaari, & Mattd, 2006). At room
temperature (25 °C), the number of viable cells of L. acidophilus maintained the required
standards by the legislation for all treatments during the 120 days. The PEC treatment reached
the end of the 120 days with the highest count of 7.61 + 0.02 CFU g, showing a significant
difference (p<0.5) from the other treatments. The PHM, PIN and PRB treatments did not
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present significant differences (p<0.5) after the 120 days, with counts of 7.26 + 0.15, 7.11 +
0.03 and 7.31 % 0.05 log UFC g™, respectively.

These are very positive results since studies performed by Okuro, Thomazini, Balieiro,
Liberal, & Favaro-Trindade (2013) did not obtain the same satisfactory results when
evaluating solid lipid microparticles in which Lactobacillus acidophilus was co-encapsulated
with prebiotics, either inulin or polydextrose using spray chilling technology. The stability
was evaluated for 120 days at 22 °C with controlled relative humidity. It was observed that
both the treatment without prebiotic as well as those containing it did not promote the
viability of the microorganism during the 120 days. Treatment without prebiotics remained
viable for a period ranging from 0 to 7 days, while treatment containing inulin remained
viable for between 7 and 30 days and treatment containing polydextrose remained viable for
about 60 days.

In relation to storage at freezing temperature, the microorganism remained viable
during 15 days only for the PEC treatment, after this period, there was a significant reduction
(p<0.05) of 6.26 log CFU g™ in its viability up to the 120 days of storage. For the PIN
treatment, viability was maintain for 30 days (6.53 + 0.20 log CFU g*). The viability
reduction at -18 °C may be related to the cold-induced injury to the cells, which eventually
lead to the probiotic cell death.

On the other hand, the produced microparticles of hi-maize (PHM) and rice bran
(PRB) showed better results, keeping the microorganism viable for a period of 90 days, with
counts of 6.74 + 0.04 and 6.11 + 0.11 log UFC g™ and presenting significant differences
(p<0.5) among themselves. Resistant starches and rice bran produce granules with better
assimilated structures as well as conferring prebiotic effects on lactic acid bacteria (Chotiko,
& Sathivel, 2016; Homayouni, Azizi, Ehsani, Yarmand, & Razavi, 2008), which may explain
the longer viability period in PHM and PRB treatments. These results suggest that the
addition of prebiotics hi-maize and rice bran to pectin microparticles can enhance the survival
of the encapsulated microorganism during storage at -18 °C in comparison to microcapsules
without the prebiotic.

In another study, Homayouni, Azizi, Ehsani, Yarmand, & Razavi (2008) produced
synbiotic ice creams, which contained probiotics L. casei and B. lactis encapsulated together
with resistant starch. Microcapsules containing resistant starch were also efficient to
guarantee the viability of the microorganisms, presenting reduction of only 1.4 log in 180

days of storage at -20 °C for L. casei, whereas B. lactis showed a reduction of 0.7 log.
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Regarding the effect of the refrigeration temperature, it was observed that the best
results were reached for the rice bran microparticles (PRB), which remained stable at the end
of the 120 days of storage with counts of 8.36 + 0.08 log UFC g™, meanwhile PEC treatment
remained viable for 60 days (6.08 + 0.07 log CFU g?) and the PHM and PIN treatments
maintained stable the viable cell number for 45 days, with counts of 6.23 + 0.01 and 8.16 +
0.22 log UFC g™, respectively. This demonstrates that the addition of rice bran is able to
confer greater protection to the microorganisms in pectin microparticles obtained by
emulsification/internal ionic gelation during the course of 120 days at 7 °C.

Pedroso, Thomazini, Heinemann, & Favaro-Trindade (2012) produced lipid particles
containing Lactobacillus acidophilus by spray chilling and observed that the microparticles
maintained the stability of the microorganism during storage at 7 °C, from 30 to 60 days.
Oliveira et al. (2007) showed that L. acidophilus presented greater viability in a storage at 7
°C when microencapsulated by complex coacervation, however, in this work the
microcapsules were dehydrated by spouted bed system. The microparticles showed viability
between 90 and 120 days when stored at 7 °C, but showed loss of viability before 90 days of
storage at 37 °C.

4. Conclusions

It was observed that both microparticles, with or without addition of prebiotics,
prepared by emulsification/internal gelation, represent an efficient system for promoting the
resistance of Lactobacillus acidophilus LA-5 during the simulation of passage through the
gastrointestinal tract. All treatments were able to promote viability of the microorganism at 25
°C for 120 days. At -18 °C, the use of prebiotics positively affected the survival of the
microencapsulated microorganisms, since the produced hi-maize and rice bran microcapsules
showed the best results to guarantee the viability of the microorganism. The same occurred at
7 °C, in which the treatment that stood out was the one with the rice bran addition, being the
only one able to keep the microorganism viable for 120 days. Therefore, incorporation of
prebiotics into microencapsulation by internal gelation/emulsification using pectin is
considered to be advantageous in providing the development of a functional capsule.
Moreover, it is also an efficient means to enhance the protection of L. acidophilus from
adverse conditions such as passage through the gastrointestinal tract and different storage

conditions.
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Fig 1. Optical microscopy of pectin microparticles with different prebiotic sources containing
Lactobacillus acidophilus LA-5 obtained by internal ionic gelation.

(@) = pectin microparticles 1% (PEC) (40x); (b) = pectin microparticles 1% + hi-maize 10%
(PHM) (20x); (c) = pectin microparticles 1% + inulin 10% (PIN) (10x); (d) = pectin
microparticles 1% + rice bran 10% (PRB) (20x).
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Table 1 - Characteristics of Lactobacillus acidophilus LA-5 microparticles obtained by

internal ionic gelation with pectin and different prebiotic sources.

PEC PHM PIN PRB
Particles size (um) 244 +7.41°  37.6+1.99° 462 £2.90°  79.1+1.16°
Moisture (%) 95.11+0.67* 80.61+£0.99° 96.16+0.72° 87.50 + 1.16"
Fat (%) 2.36+0.34"  276+0.92° 1.15+021" 217+0.28"
Protein (%) 0.14+0.03° 054+0.00° 058002 2.120.08
Carbohydrates (%) 1.29+050° 15.64+0.76° 1.56 £0.87° 6.57 + 1.06"
Ash (%) 055+0.04° 0.43+0.01° 053+0.10°  1.60 +0.36°
Encapsulation efficiency (EE%) 88.04 +1.04° 82.65+0.64° 90.59+0.36° 91.24+0.43°

PEC = pectin microparticles 1%; PHM = pectin microparticles 1% + hi-maize 10%; PIN =
pectin microparticles 1% + inulin 10%; PRB = pectin microparticles 1% + rice bran 10%.
*Means followed by the same lowercase letter in line do not differ statistically from each
other by the Tukey test with significance of 5%. Means found in triplicate.
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Table 2 — Survival of free and microencapsulated Lactobacillus acidophilus LA-5 in the
different treatments after each step through the gastrointestinal tract passage simulation.

Free culture PEC PHM PIN PRB
Initial count 11.28 + 0.12% 9.61 +0.12%° 9.10 + 0.11% 10.06 + 0.07% 10.56 + 0.22%
Esophagus /
stomach 10.94 + 0.09"* 2.96 +0.17°° 2.15+0.27% 5.94 + 0.26 7.17 £ 0.348

90 min/ pH

2.0
Duodenum N o o . s
20 min / pH 8.42 +0.02° 4.16 + 0.05 4.03 +0.29° 6.33+0.11° 7.85 + 0.09

5.0

lleum

90 min / pH 7.98 +0.08% 9.50 + 0.22%4 8.20 +0.17" 8.43 +0.33" 8.19 + 0.12"

6.5

PEC = pectin microparticles 1%; PHM = pectin microparticles 1% + hi-maize 10%; PIN =
pectin microparticles 1% + inulin 10%; PRB = pectin microparticles 1% + rice bran 10%.

Means followed by the same lowercase letter in column and uppercase in line do not differ
statistically from each other by the Tukey test with significance of 5%. Means found in

triplicate.
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Table 3 — Effect of the room temperature (25 °C), freezing (-18 °C) and refrigeration (7 °C)
on the viability of microparticles containing Lactobacillus acidophilus LA-5 produced with

different encapsulating matrices during storage for 120 days.

Temperature Room (25 °C)
Treatments PEC PHM PIN PRB
Time (Days)
0 9.79 + 0.11%° 9.20 + 0.05% 10.07 £ 0.03* 10.14 + 0.04**
15 9.20 + 0.14°* 8.28+ 0.21"° 9.05 + 0.16™" 8.39 + 0.35°°
30 7.85 +0.38°" 8.35+0.10™* 7.09 +0.01™ 8.03 + 0.07°*
45 8.61 + 0.24°" 8.32 £0.05™° 824 +0.17"" 8.00 + 0.00°°
60 8.50 + 0.28°* 8.42 + 0.01°" 7.48 + 0.29%° 7.94 + 0.09°*°
75 8.25 + 0.03°%4 8.23 + 0.06™ 7.56 + 0.08° 7.80 £ 0.00°®
90 7.81 +0.06°" 7.88 £ 0.07°" 7.53 £ 0.06™ 7.71 +0.07°%"
105 7.96 + 0.09%"* 7.67 +0.08°° 7.50 + 0.04%° 7.43 +0.12%°
120 7.61+0.02" 7.26 + 0.15% 7.11 + 0.03® 7.31 +0.05%
Temperature Freezing (-18 °C)
Treatments PEC PHM PIN PRB
Time (Days)
0 9.79 + 0.11%° 9.20 + 0.05% 10.07 £ 0.03** 10.14 + 0.04**
15 8.91 + 0.18° 8.41+0.13" 9.53 + 0.20°° 9.96 +0.03"*
30 5.88 + 0.03" 7.92 +0.03°° 6.53 + 0.20°“ 8.29 + 0.05°*
45 4.69 + 0.04% 7.84 +0.02° 5.06 + 0.15%° 7.86 + 0.04*
60 4.65 + 0.01%° 7.30 + 0.08°* 5.03 + 0.03% 6.34 + 0.02%°
75 4.18 + 0.01%° 6.98 + 0.06°" 4.84 +0.01% 6.15 + 0.04™
90 3.01+0.04™ 6.74 + 0.04 4.41 +0.10% 6.11+0.11™
105 2.94 +0.03™ 3.59 + 0.14% 3.87 +0.07® 5.06 + 0.07%"
120 2.65 +0.03%" 3.49 + 0.04% 3.63 +0.04™ 4.79 + 0.05™
Temperature Refrigeration (7 °C)
Treatments PEC PHM PIN PRB
Time (Days)
0 9.79 + 0.11% 9.20 + 0.05% 10.07 £ 0.03** 10.14 + 0.04**
15 9.65 + 0.04*" 7.77 £0.17°° 9.75 + 0.08°* 9.54 +0.11°*
30 7.69 +0.21°¢ 7.40 + 0.07°¢ 8.18 + 0.12°° 8.97 + 0.02°"
45 6.81 + 0.20°“ 6.23+0.01°*°  8.16 + 0.22°*° 8.90 + 0.01°*
60 6.08 £ 0.07%° 4.53 +0.03%° 5.39 + 0.06% 8.78 + 0.08%"
75 5.92 + 0.06" 4.01 +0.28% 5.20 + 0.02% 8.63 + 0.06°"
90 4.42 + 0.05%° 4.16 + 0.06% 4.20 +0.10™ 8.81 + 0.04°%4
105 4.32 + 0.06% 3.79 + 0.19%° 4.70 + 0.00%°® 8.57 +0.01™
120 3.51+0.13" 3.79 + 0.03%“ 4.61+0.01%°° 8.36 + 0.08%"

PEC = pectin microparticles 1%; PHM = pectin microparticles 1% + hi-maize 10%; PIN =
pectin microparticles 1% + inulin 10%; PRB = pectin microparticles 1% + rice bran 10%.
Means followed by the same lowercase letter in column and uppercase in line do not differ
statistically from each other by the Tukey test with significance of 5%. Means found in
triplicate.
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4. ARTIGO 2

Enhanced viability of probiotic Lactobacillus acidophilus LA-5 microencapsulated by

emulsification/internal gelation followed by freeze-drying

ABSTRACT

The aim of this work was to investigate the influence of the addition of the prebiotics hi-
maize, inulin and rice bran on the survival of Lactobacillus acidophilus LA-5 in pectin
microparticles obtained by internal gelation and submitted to the freeze-drying process.
Microparticle size, encapsulation efficiency, gastrointestinal simulation, and storage stability
were analysed. The pectin + inulin encapsulation matrix presented the highest encapsulation
efficiency, 68.11%. Microparticle size ranged from 166 um (pectin + hi-maize) to 345 pum
(pectin + inulin). The microparticles added from the different prebiotics showed an increase in
the microorganism protection, which presented greater viability under the gastrointestinal
simulation. Under storage conditions of 25°C and -18°C, treatments containing hi-maize,
inulin and rice bran maintained the probiotic microorganisms viable for a longer period of
time. At 7°C, the pectin + rice bran treatment stood out, being able to maintain probiotic

stability during the 120 days of storage.

Keywords: microencapsulation, pectin, probiotics, prebiotics, emulsification.
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1. Introduction

The interest of the food industry in developing new functional food products has
increased along with consumer awareness and concern about food that provides health
benefits. Within the functional group of compounds are probiotic microorganisms and
prebiotic compounds. As defined by the FAO/WHO committee in 2006, probiotics are "live
organisms which when administered in adequate amounts confer health benefits on the host.”

On the other hand, prebiotics have been gaining increasing attention in research as a
way of improving probiotic viability during their production and storage (De Prisco, &
Mauriello, 2016). The combination of probiotic and prebiotic agents originates a symbiotic
product, which can improve the survival of probiotic bacteria in the upper gastrointestinal
tract and increase its effect on the large intestine (Ozer, 2005). Inulin is a soluble fiber
characterized by being one of the most known prebiotics. It is a reserve carbohydrate found in
many fruits and vegetables such as onions, garlic and bananas (Flamm, Glinsmann,
Kritchevsky, Prosky & Roberfroid, 2001; Valero-Cases & Frutos, 2015). Another well
studied prebiotic is the resistant starch (hi-maize), which is a homo-polysaccharide composed
of a number of monosaccharide units linked to each other with a-Glc (1-4) and a-Glc (1-6)
(Homayouni et al., 2014).

A less studied prebiotic that has gained attention is the rice bran. Studies show that
rice bran prebiotics have positive effects on human health in terms of protection against
gastrointestinal cancer; it can also prevent inflammatory bowel disease and promote beneficial
impact on the intestinal mucosa (Ham et al., 2015; Igbal, Bhanger & Anwar, 2005;
Komiyama et al., 2011; Kurdi & Hansawasdi, 2015; Moongngarm, Daomukda & Khumpika,
2012). These benefits are due to the presence of beneficial substances in their composition,
such as polyphenols, essential fatty acids, antioxidants (oryzanol, tocopherol, tocotrienol and
ferrulic acid) and dietary fibers (arabinogalactan, hemicellulose, arabinoxylan, proteoglycan,
xyloglucan and raffinose) (Demirci, Aktas, S6zeri, Oztiirk & Akin 2017; Kataoka et al., 2008;
Sierra et al., 2005, Zubaidah, Nurcholis, Wulan & Kusuma 2012).

In order for the health benefits attributed to probiotic ingestion to be achieved, it is
necessary, however, that probiotics are viable when consumed and must withstand the
processing and storage conditions to which they will be subjected, in addition to remaining
alive after passage through gastrointestinal tract, to adhere to the intestinal mucosa and
colonize the intestine. In association with prebiotics, an alternative that has proven to be
effective in protecting probiotics from these adverse conditions, while maintaining its

viability and functionality, is microencapsulation.
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One of the most common microencapsulation techniques is the emulsification
technique, which is easy to perform and generates high productivity (Pankasemsuk,
Apichartsrangkoon, Worametrachanon & Techarang, 2016). In this technique, a small
volume of the cell-polymer suspension (discontinuous phase) is added to a large volume of a
vegetable oil (continuous phase). The mixture is homogenized to form a water-in-oil
emulsion. Upon formation of the emulsion, the water-soluble polymer must be insolubilized
to form tiny gel particles within the oil phase. The insolubilization method depends on the
type of supporting material used (Krasaekoopt, Bhandari & Deeth, 2003).

One of the key factors to be considered for microencapsulation of probiotics to be
successful is the choice of a suitable wall material, as it accurately reflects the morphological
and functional properties of the particles. It was reported that the use of pectin hydrogels as a
matrix for the encapsulation of probiotics improves cell viability under gastrointestinal
conditions. Pectin is a soluble fiber resistant to gastrointestinal conditions and is considered a
highly fermentable substance for intestinal microflora (Cabrera, Cambier & Cutsem, 2011,
Chotiko & Sathivel, 2016). In addition, pectin was also investigated for its prebiotic
properties, increasing the growth of Bifidobacterium and Lactobacillus sp (Nazzaro, Fratianni,
Nicolaus, Poli & Orlando, 2012; Wicker et al., 2014).

In order to maintain the viability of the probiotic microparticles under storage for long
periods, it is often necessary to dry them after their production. This is especially important
for their addition in dry foods such as cereal products or beverage powders (O’Riordan,
Andrews, Buckle & Conwa, 2001). Freeze-drying is the most suitable technique for the
dehydration of heat-sensitive materials and is characterized by maintaining a high level of
cellular viability (Desai & Park, 2005). However, freeze-drying has traditionally been used to
stabilize probiotic bacteria, but the combination of freeze-drying and encapsulation is a
relatively new concept (Solanki et al., 2013).

Therefore, the aim of this study was to evaluate the effect of the addition of different
prebiotics (inulin, hi-maize and rice bran) on pectin microparticles containing Lactobacillus
acidophilus LA5, produced by the emulsification / internal ionic gelation technique and
followed by freeze-drying, when exposed to simulation of the gastrointestinal tract and

storage under different temperature conditions (25°C, 7°C and -18°C).

2. Material and Methods
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2.1 Materials
For encapsulation, pectin of low degree of methoxylation (CP Kelko, Limeira, S&o
Paulo, Brazil), hi-maize (National Starch Food Innovation, Indianapolis, Indiana, USA),
inulin (Metachem, Higiendpolis, Sdo Paulo, Brazil) and rice bran (Hnutri, Ipiranga, Séo
Paulo, Brazil) were used. Sunflower oil (Salada, Poco Grande, Gaspar, Santa Catarina,
Brazil). CaCO3; (Neon Comercial Ltda, S&o Paulo, Brazil). Other products such as Tween 80,
C,H40; and CaCl,.2H,0 (Vetec Quimica Fina Ltda, Rio de Janeiro, Brazil).

2.2 Inoculum
The probiotic culture Lactobacillus acidophilus LA-5 (Christian Hansen) was
activated in MRS broth (Himedia) and incubated for 18 h at 37 °C. Then, it was centrifuged at
5460 rpm for 15 minutes and the culture was washed with NaCl solution (0.85%). Cells were

suspended in saline to obtain a solution containing around 11 log CFU g™*.

2.3 Microencapsulation process

Four microparticles solutions were produced, one containing only 1% pectin (PECL),
the second containing 1% pectin + 10% hi-maize (PHML), another containing 1% pectin +
10% inulin (PINL) and the last containing 1% pectin + 10% rice bran (PRBL). Microparticles
were produced by the emulsification/internal ionic gelation technique according to Poncelet et
al., (1992) and Holkem et al., (2016a), with modifications. For this purpose, 40 mL of pectin
solution (1%), prebiotic (10%), probiotic culture and 2 mL of CaCOj3 suspension (500 mM
Ca’") were mixed. The mixture was dispersed in 200 mL of sunflower oil containing 1.5%
Tween 80 at 900 rpm for 15 minutes using a mechanical stirrer (Quimis®, Diadema, S&o
Paulo, Brazil). Next, 40 mL of sunflower oil containing 160 pL of glacial acetic acid was
added to the emulsion and stirred for 5 minutes. After 5 minutes, the stirring was stopped and
the microparticles were separated by adding 300 mL of a 0.05M CaCl,-2H,0 solution and
then filtered through a 0.038 mm sieve (400 mesh) and washed in distilled water at pH 4.0 for

oil removal.

2.4 Freeze-drying
The microparticles produced were frozen (-18°C for 24 hours) on the same day they were
produced. Frozen microcapsules (-18°C) were freeze-dried in a Liotop L101 freeze dryer (Sdo
Carlos, Sao Paulo, Brazil) and removed from the freeze dryer 24h later (vacuum: 0.200 -

0.300 puHg and condenser temperature of -37°C).
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2.5 Enumeration of microencapsulated Latobacillus acidophilus LA-5

Serial dilutions were transferred to sterile Petri plates containing MRS agar (Himedia
Curitiba, Parand, Brazil), in triplicate. Plates were incubated at 37 °C for 72 h in anaerobic
jars containing anaerobic generator (Oxoid, Sdo Paulo, Brasil). The dilution of the
microparticles comprised weighing 0,1 g of microparticles followed by the addition of 9 mL
sterile phosphate buffer solution (pH 7.5), according to the methodology described by Sheu,
Marshall, & Heymann (1993). Results were shown as log colony forming units per gram (log
CFU g™).

2.6 Characterization of microparticles

2.6.1 Morphology and particle size distribution
The morphology of freeze-dried microparticles was evaluated using a scanning
electron microscope (JEOL, JM6360). The microcapsules were deposited on aluminum beads
using a double-sided adhesive tape and then spray-coated with a thin layer of gold. The
particle size distribution was determined with the Mastersizer 2000 laser diffraction

equipment (Malvern, Germany).

2.6.2. Water Activity
The water activity was measured at 25°C using an Aqualab 4 TE (Decagon Devices,
Pullman, WA, USA).

2.7 Encapsulation efficiency
The encapsulation efficiency (EE%) is the survival rate of the microorganisms during
the microencapsulation process, calculated according to Eq. (1), as proposed by Martin, Lara-
Villoslada, Ruiz, & Morales (2013).
EE% = (N/ Ng) X 100 (1)
Where N is the number of viable cells (log CFU g™) released from the microparticles
and Ng is the number of viable cells (log CFU g™) in the cell concentrate used for

microencapsulation. The viable cell count was performed as described in Section 2.5.
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2.8 Evaluation of the survival of free and microencapsulated Lactobacillus acidophilus
LA-5 exposed to simulated gastrointestinal conditions

The method proposed by Madureira et al., (2011), with adaptations, was used to
submit the microparticles under simulated gastrointestinal conditions. The viability of the
bacteria was determined on average by simulating different sections of the gastrointestinal
tract, such as esophagus/stomach (addition of pepsin, pH adjusted to 2.0 for 90 minutes),
duodenum (addition of pancreatin and bile salts, pH adjusted to 5, 0 for 20 min) and ileum
(pH adjusted to 7.5 for 90 min). The analysis was performed in a TE 421 Shaker (Tecnal,
Piracicaba, SP, Brasil), at 37 °C, simulating body temperature. Aliquots were collected after
90 min (esophagus/stomach), 110 min (duodenum) and 200 min (ileum) to determine the
survival of free and microencapsulated Lactobacillus acidophilus LA-5. Probiotic cultures

were counted in MRS medium as described in Section 2.5.

2.9 Viability of Lactobacillus acidophilus LA-5 at different storage conditions

The viability of the microencapsulated bacteria during storage under three temperature
conditions (-18 °C, 7 °C and 25 °C) was investigated to determine the shelf life of the
microcapsules. Viable cells were enumerated after 0, 15, 30, 45, 60, 75, 90, 105 and 120 days
of storage using MRS agar as described in Section 2.5.

2.9 Statistical analysis

The data were submitted to an analysis of variance (ANOVA) using Statistica version
7.0 software (2004; Statsoft Inc., Tulsa, OK, USA), followed by Tukey's means comparison
test at a level of 5% significance of treatments showing possible significant differences. All

the tests were performed in triplicate and the data expressed as means + standard deviations.

3. Results and Discussion

3.1 Characterization of microparticles
Fig. 1 shows the scanning electronic microscopy (SEM) images of the microparticles
containing Lactobacillus acidophilus LA-5 produced with different encapsulating agents by
internal gelation technique followed by freeze-drying. From the analysis of the images
captured by the SEM, it was possible to observe details of the morphology and microstructure

of the microparticles. The freeze-dried microparticles presented agglomeration and/or
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adhesion of the particles, which formed irregular lamellar structures. In addition, they
presented an elliptical shape with a wrinkled surface. The wrinkled surface can be explained
due to loss of water during the freeze-drying process. In a study developed by Zou et al.,
(2011), aggregations and irregular lamellar structures were also reported in microcapsules
containing Bifidobacterium Bifidum F-35 in alginate by emulsification/internal gelation
followed by freeze-drying.

The SEM images also revealed the absence of free bacteria, confirming the formation
of microparticles and their ability to trap the microorganisms for all the encapsulating agents.
Probiotic microorganisms as well as their distribution in the particle could be observed
according to Fig.1, mainly in the PHML and PRBL (Fig. 1b and 1d) treatments, being
possible to infer that the wall material and the microorganisms are mixed.

A wide range of microparticle size distribution has been reported by several
researchers, with the optimal size of these particles being an important factor between the
encapsulation efficiency and the sensory properties of the product into which they will be
introduced (Nag, Han & Singh, 2011). A minimum diameter of 100 um was proposed to offer
a better protection of the bioactive compound in the gastric juice, and an optimal range
between 100-200 um (McMaster, Kokott & Slatter, 2005). The mean diameter of the
microparticles produced in this study by emulsification/internal gelation with different coating
materials was within that limit, except for the PINL treatment (Table 1).

The probiotic formulation of pectin together with inulin (PINL) had a mean particle
size diameter of 345 um (Table 1), while the other formulations presented diameters of 192,
166 and 200 pum for PECL, PHML and PRBL treatments, respectively. The highest mean
diameter observed in inulin treatment (PINL) microparticles can be explained by the fact that,
when hydrated, inulin has the ability to form microcrystals. This gel is composed of a tri-
dimensional network of crystalline inulin particles insoluble in water, which has the capacity
to immobilize large amounts of water (Franck, 2002).

Zou et al, (2011), produced freeze-dried alginate microspheres containing
Bifidobacterium bifidum F-35 prepared by emulsification/internal gelation which were
enhanced by mixing with pectin or hi-maize or coating with chitosan or poly-L-lysine. The
mean diameter of the enhanced alginate microspheres ranged from 117 to 178 pum.

Krasaekoopt & Watcharapoka (2014) and Chavarri et al., (2010) observed an
increased diameter in microcapsules containing prebiotics (galacto-oligosaccharides and
inulin / quercetin, respectively). The same occurred in this study, with the exception of the

PHML treatment, which presented smaller sizes of mean diameter (166 + 2.17).
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All the microparticles presented water activity values below 0.3 (Table 1), which,
according to Tonon, Brabet, Pallet, Brat & Hubinger (2009), is very positive for the stability
of powders, since represents less free water available for biochemical reactions and, therefore,

greater storage convenience.

3.2 Encapsulation Efficiency

According to Song, Yu, Gao, Liu & Ma (2013), probiotic viability after
microencapsulation is a parameter of great importance for the production of microparticles
containing probiotic cells. Probiotic bacteria tend to be sensitive to freeze-drying due to
deterioration of the physiological state of the cell (Kets, Teunissen & De Bont, 1996).

In this study, EE% values above 64% were obtained (Table 1) and a significantly
higher encapsulation efficiency (p <0.5) was obtained in the PINL treatment (68.11%). The
other microparticles presented encapsulation efficiency of 64.86%, 66.68% and 66.24% for
PECL, PHML and PRBL treatments, respectively. From these data, it was observed that the
treatments containing the prebiotics hi-maize, inulin and rice bran significantly increased (p
<0.5) the survival of the microorganism under the freeze-drying process.

The greater EE% in the PHML, PINL and PRBL treatments can be explained by the
fact that the addition of prebiotics possibly helped reduce cellular losses by stabilizing the
pectin networks. Nunes et al., (2018) also reported an increased EE% with the use of inulin

and hi-maize in microcapsules containing L. acidophilus.

3.3 Viability of free and freeze-dried Lactobacillus acidophilus LA-5 microparticles
after exposure to simulated gastrointestinal conditions.

The results for the survival of free and feeeze-dried Lactobacillus acidophilus LA-5
microparticles obtained by emulsification/internal ionic gelation in the different treatments
exposed to simulated gastrointestinal conditions are presented in Table 2. The initial count of
L. acidophilus was 7.08 + 0.05, 7.55 + 0.23, 7.70 + 0.02 and 7.13 + 0.08 log CFU g™ for the
PECL, PHML, PINL and PRBL treatments respectively. The free microorganism had an
initial count of 11.28 + 0.12 log CFU g™*. Gastric juice is generally the greatest barrier to the
survival of probiotic microorganisms during passage through the gastrointestinal tract,
followed by pancreatic juice and bile salts from the small intestine (Del Piano et al., 2011).
Therefore, it is of fundamental importance to test the novel probiotic formulations for their
resistance to gastric and intestinal juices. The cell encapsulation can increase its survival due

to the protection conferred by the wall material.
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In relation to the viability of the freeze-dried microparticles, after 90 min exposure to
simulated esophagus/stomach conditions at pH 2.0, a significant reduction (p <0.5) was
observed for all treatments when compared to their initial count. This reduction is not due to
the loss of viability, but to the fact that there was no total rupture of the particles, thus
resulting in the non-release of the microorganism.

After exposure of the microparticles to the acidic environment, probiotic survival was
higher in the microparticles with the pectin (PECL) and pectin + hi-maize (PHML) treatments
compared to the others, since they presented a smaller reduction in their initial count.
Similarly, Etchepare et al., (2016) reported lower Lactobacillus acidophilus loss of viability in
freeze-dried microcapsules containing hi-maize during simulated gastrointestinal tract
conditions compared to microcapsules without the prebiotic.

Regarding the free microorganism, after simulation of the acidic conditions, it
presented a reduction of 0.34 log in relation to its initial count. This study is in accordance
with the one developed by Laelorspoen, Wongsasulaka, Yoovidhya & Devahastin (2014),
who observed a reduction in the number of free L. acidophilus cells after incubation in
simulated gastric fluid at pH 1.2 for 2h. Similarly, Kim et al. (2008) suggested that
unencapsulated L. acidophilus ATCC 43121 was sensitive to the acidic environment (pH 1.2
and 1.5) and ingestion of unencapsulated probiotic may result in reduced viability.

After the passage simulation through the duodenum (pH 5.0 with presence of
pancreatin and bile salts), the viable cell population of the free microorganism decreased even
more significantly (p <0.5), with a reduction of 2.86 log CFU g™ compared to its initial count.
In relation to the microencapsulated microorganism, PINL and PRBL treatments did not
present significant difference in comparison to the results obtained after simulation of the
acidic conditions. On the other hand, a significant increase (p <05) in the quantity of
probiotics released from the microparticles was observed for the PECL and PHML treatments,
thus demonstrating a greater rupture of the microparticles. As for the consequent increase in
the cell count in comparison with the acidic conditions, however, there was no total release of
the microorganism, since the microcapsules promoted its protection.

After 200 min (passage simulation through the ileum at pH 6.5), the free
microorganism presented reduction of 3.30 log CFU g™ in relation to its initial count. On the
other hand, logarithmic reductions of 1.28, 0.1, 1.6 and 1.03 were observed for the PECL,
PHML, PINL and PRBL microparticles, respectively, when compared with time zero.
Therefore, in comparison to the free microorganism, the microparticles of all treatments

offered greater protection to probiotics at the end of the gastrointestinal simulation.
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Maciel, Chaves, Grosso & Gigante (2014) microencapsulated L. acidophilus La-5 in
microcapsules of sweet whey or skimmed milk by spray drying and observed that in
comparison with free microorganisms, the survival of microencapsulated L. acidophilus La-5
was significantly higher at the end of the simulated gastrointestinal conditions, indicating the
protective effect of microencapsulation in both materials. Coghetto et al., (2016) used
electrospraying to microencapsulate Lactobacillus plantarum in sodium alginate or in sodium
alginate + citric pectin matrices and observed large losses of viability of free probiotic cells
when incubated during 120 min of gastric juice simulation and in simulated intestinal juice. In
contrast, when the cells were microencapsulated in both treatments, they presented significant
resistance under the same simulation. Holkem et al., (2016b) microencapsulated
Bifidobacterium BB-12 by internal gelation followed by freeze-drying and concluded that
microencapsulated probiotics presented higher resistance during 200 minutes through the
gastrointestinal tract passage simulation when compared to the free microorganism.

Moreover, microparticle rupture of all treatments was observed in greater quantity in
the ileum, releasing the Lactobacillus acidophilus cells at their desired location. Nevertheless,
to exert its beneficial effects on the host, it is recommended that probiotics should contain at
least a viable cell number of 10°-10" CFU/g (Tian et al., 2015). Both the free microorganism
and the microparticles of the PHML, PINL and PRBL treatments were within the required
conditions. The PECL treatment, however, reached the end of simulation with a count of 5.80
+0.17 log CFU g*.

It was observed that treatment containing hi-maize (PHML) presented little loss of
viability, showing the best stability (7.45 + 0.03 log CFU g™*) at the end of the gastrointestinal
conditions simulation (p <0.05). In the present study, by using the internal ionic gelation
technique, the prebiotic hi-maize was more efficient to protect the encapsulated probiotics
than in the study developed by Zou et al. (2011), in which the addition of hi-maize to alginate
microcapsules obtained by internal ionic gelation did not improve the survival of the
encapsulated probiotics (P> 0.05) after passage through the simulated gastric juice.

3.4 Viability of Lactobacillus acidophilus LA-5 under different storage conditions

An important aspect for the commercialization of food products containing probiotics
is cell viability over the storage period. Table 3 shows the stability of microencapsulated
Lactobacillus acidophilus LA-5 during 120 days of storage under temperatures of 25°C, 7°C

and -18°C, simulating different environmental conditions. In order to obtain health benefits
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from the ingestion of probiotic bacteria, the concentration of live microorganisms in the
product should be above 10° CFU g™ or mI™ at the moment of consumption (FAO/WHO,
2001).

At room temperature (25°C) the PINL treatment was able to maintain the number of
viable L. acidophilus cells in the standards required by the legislation for a period of 90 days
(6.35 + 0.02 log CFU g™). However, treatments PHML and PRBL remained viable for up to
75 days (6.59 + 0.10 and 6.08 + 0.03 log CFU g, respectively), with significant differences
between each other (p <0.5). Meanwhile, the PECL treatment lost its viability after a period of
60 days. It can be observed from these results that the addition of prebiotics (hi-maize, inulin
and rice bran) increased the viability of the microencapsulated and freeze-dried probiotics
during storage at 25°C.

Excellent results from the incorporation of prebiotics into microparticles containing
probiotics were also reported by Silva et al., (2015), who produced dry microcapsules
containing L. acidophilus by spray drying technique and used as wall material a mixture
composed of cellulose acetate phthalate, glycerol, whole milk powder, maltodextrin,
trehalose, frutoligosaccharide, hi-maize 260 and Tween 80. The microcapsules maintained
their viability for a period of 120 days at 25°C. In another study developed by Shoji et al.
(2013), the authors did not obtain the same positive results by microencapsulating
Lactobacillus acidophilus by complex coacervation followed by freeze-drying. The authors
reported significant loss of viability (p <0.05) after 30 days at 37°C.

In relation to storage at freezing temperature, the number of viable L. acidophilus cells
remained above 6 log CFU g™ only for 30 days for the PECL treatment. In accordance with
these results, Sousa et al., (2013) used alginate to microencapsulate Lactobacillus acidophilus
by extrusion and observed that the freezing temperature (-20°C) had a negative impact on the
probiotic survival for 60 days. Meanwhile, similarly at 25°C, the prebiotics microparticles
presented better performances to guarantee the viability of the microorganism for a longer
period. Among the prebiotic treatments, the most important were PINL and PRBL,
maintaining the viability of the microorganism from 105 to 120 days with significant
differences between them (p <0.5). The PHML treatment, however, remained viable for 45
days (6.55 + 0.03 log UFC g™).

Regarding the refrigeration temperature on the viability of L. acidophilus, it was
observed that the addition of rice bran (PRBL) to the microparticles, not only benefited them
with functional compounds, but also showed a remarkable performance. It promoted the

protection and increase of viability of probiotics, which remained stable at the end of 120
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days of storage with counts of 6.58 + 0.04 log CFU g™*. Thus, the reduction of L. acidophilus
in PRBL treatment was only 0.88 log cycles after 120 days.

The PINL treatment, also presenting a great performance, remained viable for 105
days (6.07 + 0.01 log CFU g) with a reduction of only 1.61 log CFU g*. The PECL
treatment maintained the number of viable cells stable for 90 days, with counts of 6.40 + 0.05
log CFU g™. Finally, the PHML treatment maintained probiotic stability for 45 days (6.32 +
0.01 log CFU g™).

Studies have reported that lower temperatures lead to improved cell viability rates due
to the reduction of possible chemical reactions that are harmful to microorganisms, but the
mortality of the cells increases with the storage time (Corcoran, Roos, Fitzgerald & Stanton,
2004; Tsen, Huang & King, 2007).

The present study showed better results than the ones obtained by Holkem et al.,
(2016a) who used the internal gelation technique to microencapsulate Bifidobacterium BB-12
in alginate. The produced microcapsules maintained the viability of the microorganism only
for two weeks storage at 7°C, with subsequent decline (<106 CFU g -1), which remained for
120 days. Likewise, Oliveira (2006) used pectin and casein to microencapsulate B. lactis by
coacervation followed by spray drying. The viability of the microorganism began to decrease
in the first 30 days, which resulted in a final decrease of 4.34 log after 120 days of storage
under refrigeration.

From these data, it is possible to infer that the prebiotic rice bran is able to confer
greater protection to the microorganisms in pectin microparicles obtained by
emulsification/internal ionic gelation followed by freeze-drying during the course of 120 days
at 7°C.

4. Conclusion

It has been observed that microparticles with prebiotic addition, prepared by
emulsification/internal gelation, represent an efficient system to promote the resistance of
Lactobacillus acidophilus LA-5 through the gastrointestinal tract passage simulation. At 25
°C and -18°C, it was observed that the addition of prebiotics presented better results to
guarantee the viability of the microorganism when compared to pectin microparticles (PECL).
At 7°C, the treatment that stood out was PRBL, since it was able to keep the microorganism
viable for 120 days. At 25°C, the highest performance was achieved in the PINL treatment,
remaining stable for 90 days, and at -18°C the treatments PINL and PRBL stood out, with
viability ranging from 105 to 120 days of storage. Finally, at 7°C, the highest viability was
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achieved with addition of rice bran (PRBL) for a period of 120 days. Therefore, it is
concluded that the hi-maize, inulin and rice bran compounds not only attributed to the
microparticles prebiotic effects of great health interest, but they are also capable of increasing
the resistance of the L. acidophilus pectin microcapsules by internal gelation, conferring them

a protective effect and may be alternative means for the development of new functional foods.
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Fig 1. Scanning electron microscopy of freeze-dried pectin microparticles with different prebiotic
sources containing Lactobacillus acidophilus LA-5 obtained by internal ionic gelation.

a) = freeze-dried microparticles of 1% pectin (PECL) (400x); a) = freeze-dried microparticles of 1%
pectin (PECL) (200x); b) = freeze-dried microparticles of 1% pectin + 10% hi-maize (PHML) (1.00 k
X), where number 1 shows the presence of microorganisms in the wall material; b") = freeze-dried
microparticles of 1% pectin + 10% hi-maize (PHML) (300x); c) = freeze-dried microparticles of 1%
pectin + 10% inulin (PINL) (500x); c) = freeze-dried microparticles of 1% pectin + 10% inulin
(PINL) (200x); d) = freeze-dried microparticles of 1% pectin + 10% rice bran (PRBL) (1.00 k Xx),
where number 1 shows the presence of microorganisms in the wall material; d) = freeze-dried
microparticles of 1% pectin + 10% rice bran (PRBL) (200x).
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Table 1 — Characteristics of Lactobacillus acidophilus LA-5 microparticles obtained by
internal ionic gelation with pectin and different prebiotic sources.

PECL PHML PINL PRBL
Particles size (um) 192 + 6.26° 166 +2.17° 345 + 8.83° 200 + 4,98°
Water activity 021+0.01° 0.19+0.01° 0.25+0.01° 0.23+0.01°

Encapsulation efficiency EE (%) 64.86+0.57° 66.68+0.06® 68.11+0.55°  66.24 + 0.82

PECL = freeze-dried microparticles of 1% pectin; PHML = freeze-dried microparticles of 1%
pectin + 10% hi-maize; PINL = freeze-dried microparticles of 1% pectin + 10% inulin; PRBL
= freeze-dried microparticles of 1% pectin + 10% rice bran.

Means followed by the same lowercase letter in line do not differ statistically from each other
by the Tukey test with significance of 5%. Means found in triplicate.
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Table 2 - Survival of free and microencapsulated Lactobacillus acidophilus LA-5 in freeze-
dried form in the different treatments after each step of the simulated gastrointestinal

conditions
Free culture PECL PHML PINL PRBL
Initial count 11.28+0.12" 7084005  7.55+0.23% 7.70 £ 0.02%® 7.13+0.08%
Esophagus /
stomach 10.94+0.09”  286+003  274+0.12°  533+009®  551+0.07®
90 min/pH 2.0
ZODUPd/e”UH”E‘_) 0 8.42+ 002  381+003C 319z 0.05 5.33 + 025 5.53 + 0.26°8
min / pH 5.
!Ieum 7.98+0.08"  580+0.17°  7.45+0.03%® 6.10 £ 0.17"C 6.10 + 0.17"
90 /pH 6.5
min / pH 6.

PECL = freeze-dried microparticles of 1% pectin; PHML = freeze-dried microparticles of 1%
pectin + 10% hi-maize; PINL = freeze-dried microparticles of 1% pectin + 10% inulin; PRBL
= freeze-dried microparticles of 1% pectin + 10% rice bran.
Means followed by the same lowercase letter in column and uppercase in line do not differ
statistically from each other by the Tukey test with significance of 5%. Means found in

triplicate.
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Table 3 — Effect of room temperature (25°C), freezing (-18°C) and refrigeration (7°C) on
viability of freeze-dried microparticles containing Lactobacillus acidophilus LA-5 produced
with different encapsulation matrices during storage for 120 days.

Temperature Room (25 °C)
Treatments PECL PHML PINL PRBL
Time (Days)
0 7.31 + 0.06%° 7.52 + 0.01%® 7.68 + 0.06*" 7.46 + 0.09%5¢
15 6.69 + 0.08°® 7.45 + 0.02** 7.43 +0.03"4 6.64 + 0.18"°
30 7.56 £ 0.17*4 7.48 +0.03*" 7.37 £ 0.02°4 7.52 £ 0.18*4
45 7.02 + 0.06°F 7.42 +0.12%4 7.55 + 0.05%4 6.74 + 0.05>°
60 6.90 + 0.04°° 7.09 + 0.04°* 6.66 + 0.06° 6.55 + 0.01°¢
75 5.57 +0.04% 6.59 + 0.10°* 6.46 + 0.04°" 6.08 + 0.03°®
90 5.33 + 0.24% 5.95 + 0.09%° 6.35 + 0.02%" 5.59 + 0.13%%¢
105 4.72 +0.07%¢ 5.74 +0.11%" 3.94+0.06™ 5.15 + 0.02°®
120 1.94 +0.12" 5.49 + 0.09°" 3.22 + 0.04%¢ 4.20 +0.10™
Temperature Freezing (-18 °C)
Treatments PECL PHML PINL PRBL
Time (Days)
0 7.31 +0.06% 7.52 + 0.01%® 7.68 + 0.06%" 7.46 + 0.09%5¢
15 6.69 + 0.08°° 7.16 +0.13"* 6.43 + 0.03°“ 7.29 +£0.03%4
30 6.75 + 0.12°® 7.71+0.02** 6.46 + 0.11°¢ 6.73 + 0.09°®
45 5.40 + 0.04°° 6.55 + 0.03° 6.85 + 0.25°° 7.37 £0.10™
60 5.07 + 0.16% 5.08 +0.13%“  6.69 + 0.04"" 7.08 + 0.01°"
75 5.09 + 0.03% 5.04 + 0.04%¢ 6.43 + 0.05° 6.82 + 0.08°"
90 4.90 + 0.05 4.99 + 0.01%¢ 6.39 + 0.04°° 6.71 + 0.12°"
105 4.14 +0.02°° 5.20 + 0.06™ 5.20 + 0.06™ 6.08 + 0.02**
120 3.69 +0.16™ 4.93 + 0.09°¢ 6.86 + 0.07°" 5.96 + 0.03%°
Temperature Refrigeration (7 °C)
Treatments PECL PHML PINL PRBL
Time (Days)
0 7.31 +0.06% 7.52 + 0.01%® 7.68 + 0.06%" 7.46 + 0.09%5°
15 6.69 + 0.08°F 6.35 + 0.31°° 6.43 + 0.03° 7.43 +0.16*"
30 6.58 + 0.02°® 6.54 + 0.06°° 6.33 + 0.08° 6.88 + 0.06™"
45 6.81 + 0.09°* 6.32 + 0.01°° 6.65 + 0.01°* 6.74 + 0.14°*
60 6.55 + 0.05°* 594 +0.02° 6.24 + 0.02%F 6.79+0.17°*
75 6.55 + 0.20°™" 5.88 + 0.21" 6.07 £ 0.06%° 6.74 + 0.09°*
90 6.40 + 0.05F 4.96 + 0.10% 6.22 + 0.12%F 6.62 + 0.16°"
105 3.42 + 0.05°° 4.65 + 0.06°° 6.07 £ 0.01%° 6.87 £ 0.07""
120 3.80 + 0.02™ 4.20 + 0.03™ 5.76 + 0.02™ 6.58 + 0.04°*

PECL = freeze-dried microparticles of 1% pectin; PHML = freeze-dried microparticles of 1%
pectin + 10% hi-maize; PINL = freeze-dried microparticles of 1% pectin + 10% inulin; PRBL

= freeze-dried microparticles of 1% pectin + 10% rice bran.

Means followed by the same lowercase letter in column and uppercase in line do not differ
statistically from each other by the Tukey test with significance of 5%. Means found in

triplicate.
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5. DISCUSSAO GERAL

5.1 CARACTERIZACAO DAS MICROPARTICULAS

5.1.1 Morfologia e tamanho das microparticulas

A morfologia das microparticulas Umidas foi vista através de microscopia Optica,
sendo possivel observar que, em geral, as microparticulas dos diferentes tratamentos
apresentaram forma esférica com superficie lisa e tamanho uniforme. Ja a estrutura das
microparticulas liofilizadas foi observada em microscopio eletrénico de varredura (MEV),
onde as microparticulas dos quatro tratamentos apresentaram uma forma eliptica e uma
superficie com aspecto rugoso. O aspecto rugoso na superficie das particulas pode estar
relacionado a sublimacdo répida da &gua congelada a partir da matriz de encapsulacao,
resultando na formagdo de cavidades em &reas onde estavam os cristais de gelo (SMRDEL et
al., 2008).

Em relacdo ao diametro das microparticulas, as microparticulas Umidas apresentaram
diametros médios variando de 24,4 (pectina) - 462 um (pectina + inulina), enquanto isso, 0
tamanho das microparticulas liofilizadas variou de 166 um (pectina + hi-maize) a 345 um
(pectina + inulina), em funcéo da hidratac&o e intumescimento do material de parede.

Tamanhos de microparticulas menores que 100 um sdo considerados vantajosos por
ndo interferirem no aspecto sensorial dos alimentos (HANSEN et al., 2002). Apesar disso,
geralmente maiores tamanhos de microparticulas propiciam uma melhor protecdo dos
microrganismos contra as condic¢des adversas do ambiente (SANDOVAL-CASTILLA, 2010).
Deste modo, o tamanho ideal para uma microparticula é um fator discutivel, pois varia de
acordo com as aplicacGes desejadas (ROSAS-FLORES, 2013).

5.1.2 Analises fisico-quimicas

As analises fisico-quimicas demonstraram altos niveis de umidade das microparticulas
umidas, em média, 95,11%, 80,61%, 96,16% e 87,50% para os tratamentos pectina (PEC),
pectina + hi-maize (PHM), pectina + inulina (PIN) e pectina + farelo de arroz (PRB),
respectivamente, valores que podem ser justificados pela grande capacidade de retengdo de

agua do material de parede. Os resultados apresentaram cerca de 0,43 a 1,60% de matéria
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mineral, enquanto isso, o perfil lipidico variou entre 1,15 - 2,76%, sendo este valor resultante
do oleo presente na superficie da particula decorrente da técnica de encapsulagdo. O teor de
carboidratos variou de 1,29 - 15,64%, devido aos compostos utilizados como material de
parede. Por fim, o teor de proteinas variou entre 0,14 - 2,12%.

Quanto as microparticulas liofilizadas, as microparticulas de todos os tratamentos
apresentaram valores abaixo de 0,25. A capacidade de um produto sofrer alteracdes estd
diretamente relacionada com o conteldo de agua presente no alimento e é justamente nesse
fator que a liofilizacdo visa atuar. Ao se reduzir o conteddo de agua do produto, concentra-se

simultaneamente os solutos, e diminui-se o risco de alteracdes (RIBEIRO, 2012).

5.2 EFICIENCIA DE ECAPSULACAO

As matrizes de encapsulacdo farelo de arroz e inulina apresentaram a maior eficiéncia
de encapsulacdo para as microparticulas umidas, de 91.24% e 90.59%, respectivamente, ja
para as liofilizadas, a maior eficiéncia de encapsulacdo foi resultante da matriz de
encapsulagdo pectina + inulina, de 68,11%. Ainda para as microparticulas liofilizadas, o
tratamento PHML alcancou EE% de 66.68% e o tratamento PRBL de 66.24%, sendo possivel
inferir que todos os tratamentos contendo prebioticos apresentaram maior EE% quando
comparados com o tratamento contendo somente pectina (64.86%).

Varios estudos tém relatado um aumento na eficiéncia de encapsulacdo de bactérias
probidticas com o uso de compostos prebidticos. YING et al. (2016) estudou diferentes
combinagbes de agentes encapsulantes para melhorar a protecdo de Lactobacillus rhamnosus
GG, descobrindo que uma combinacdo de agentes encapsuladores na presenca de amido
resistente era mais eficiente na protecdo deste microrganismo. RAJAM &
ANANDHARAMAKRISHNAN, (2015) relataram que a adi¢do de galacto-oligossacarideos e
fruto-oligossacarideos a microcapsulas de maltodextrina e a proteina de leite isolada

aumentaram a viabilidade de Lactobacillus plantarum microencapsulado.

5.3 VIABILIDADE DE Lactobacillus acidophilus LA-5 LIVRE EM MICROPARTICULAS
UMIDAS E  LIOFILIZADAS  APOS  EXPOSICAO A  CONDICOES
GASTROINTESTINAIS SIMULADAS.
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Na avaliacdo da sobrevivéncia dos probioticos livres as condi¢bes gastrointestinais
simuladas pode-se perceber que o probiotico Lactobacillus acidophilus LA-5 apresentou uma
reducdo apos a simulagdo do estdbmago/eséfago. Estes resultados mostram que o probidtico L.
acidophilus é uma cepa sensivel ao &cido e as enzimas gastricas, visto que sua exposicao a
estas condicOes resultou em um decréscimo significativo sobre a sua viabilidade. Este fato
estd de acordo com os estudos desenvolvidos por GEBARA et al., (2013) e DIMITRELLOU
et al., (2016), que mostram que este microrganismo é sensivel as condigdes &cidas resultantes
da passagem pelo trato gastrointestinal.

Quanto a viabilidade das microparticulas Umidas, a exposicdo das células
microencapsuladas em condic¢des acidas (simulacdo do esdfago/estbmago) resultou em uma
reducdo significativa (p <0,5) para todos os tratamentos quando comparados a sua contagem
inicial. Esta reducdo ndo se deve a perda de viabilidade, mas sim, ao fato de que ndo houve
ruptura total das particulas, resultando assim, na ndo liberacdo do microrganismo. Isso
demonstra que o processo de microencapsulacdo conferiu protecdo as bactérias probidticas na
simulacéo gastrointestinal. O mesmo ocorreu para as microcapsulas liofilizadas em todos os
tratamentos.

Enquanto isso, apds a simulacdo da passagem pelo duodeno (na presenca de sais
biliares, pancreatina e pH 5,0) para as microparticulas umidas, populac6es mais altas de L.
acidophilus La-5 foram observadas em todos os tratamentos, demonstrando assim, que
ocorreu uma maior ruptura, o que levou a maior contagem de células em comparagdo com as
condicdes acidas. No entanto, ndo houve liberacdo total dos microrganismos, visto que as
microparticulas mantiveram-se integras. O mesmo ocorreu para as microparticulas liofilizadas
para os tratamentos PECL e PHML, j& os tratamentos PINL e PRBL n&do apresentaram
diferenca significativa em comparacdo com os resultados obtidos apds a simulacdo da
passagem pelo esdfago/estdmago.

Para as microparticulas umidas e liofilizadas, ao fim da anélise, apds a passagem pelo
ileo (pH 6.5), observou-se que o numero de células viaveis permaneceu acima de 6 log UFC
g* tanto para o microrganismo livre quanto microencapsulado, com excecéo do tratamento
PECL para as microparticulas liofilizadas, estando o restante dos tratamentos dentro dos
requisitos exigidos para que os probioticos exercam efeitos benéficos (FAO / OMS, 2001).
Foi observado que ocorreu o rompimento de todas as microparticulas, tanto imidas quanto
liofilizadas nesta secdo do trato gastrointestinal simulado, liberando as células probiéticas no

seu local desejado.
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Também foi possivel observar que, em comparagdo com o microrganismo livre, as
microparticulas umidas e liofilizadas de todos os tratamentos ofereceram maior protecdo aos
probidticos ao fim da simulacéo gastrointestinal, visto que, comparado a sua contagem inicial,
0 microrganismo sofreu menor perda de viabilidade ao final da simulacéo do ileo para todos

os tratamentos na forma Umida e liofilizada em compara¢do com o microrganismo livre.

O mesmo foi relatado por, NUNES et al., (2018), que observaram que microparticulas
de hi-maize e trealose contendo Lactobacillus acidophilus La-5 permitiram maior protecao ao
probidtico durante a simulacdo da passagem pelo trato gastrointestinal quando comparado
com as células livres. Da mesma forma, KINGWATEE et al., (2015) relataram melhor
impacto na taxa de sobrevivéncia do probidtico L. casei 01 microencapsulado com suco de
lichia e inulina nos sucos gastricos e biliares. MOAYYEDI et al., (2018) utilizaram
eletrospraying, liofilizacdo e spray drying para microencapsular Lactobacillus rhamnosus
ATCC 7469 em isolados de proteina de soro de leite (WPI), isolados de proteina de soro de
leite + inulina (WPI + IN) e isolado de proteina de soro + inulina + matriz de goma persa
(WPI + IN + PG) e observaram que as microparticulas ofereceram maior protecdo ao
probidtico ao longo de 120 minutos de simulacdo da passagem pelo TGI quando comparadas
ao microrganismo livre.

A producdo de microparticulas de pectina em associacdo com diferentes prebidticos
tanto na forma Umida como liofilizada se mostrou um meio eficaz de entrega do probidtico L.
acidophilus a nivel intestinal, ajudando a manter a sua sobrevivéncia durante a passagem

simulada pelo trato gastrointestinal.

5.4 VIABILIDADE DE Lactobacillus acidophilus LA-5 EM DIFERENTES CONDICOES
DE ARMAZENAMENTO NA FORMA UMIDA E LIOFILIZADA.

Em relacdo & avaliacdo da viabilidade dos probidticos microencapsulados durante o
armazenamento em diferentes condi¢des de temperaturas, a 25 °C as microparticulas umidas,
de todos os tratamentos se mantiveram vidveis durante o periodo de 120 dias de
armazenamento. Ja para as microparticulas liofilizadas, o namero de células viaveis de L.
acidophilus foi mantido por um periodo de 90 dias para o tratamento PINL (6.35 + 0.02 log
UFC g%). J& os tratamentos PHML e PRBL, se mantiveram viveis por até 75 dias (6.59 +
0.10 e 6.08 + 0.03 log UFC g, respectivamente), com diferencas significativas entre si
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(p<0,5). Enquanto isso, o tratamento PECL se manteve viavel por periodo de 60 dias.
Observa-se a partir destes resultados que para as microparticulas liofilizadas, a adigdo de
prebidticos (hi-maize, inulina e farelo de arroz) propiciou um aumento na viabilidade dos
probidticos microencapsulados durante o armazenamento a 25 °C.

A temperature ambiente, ha uma maior atividade metabdlica dos microrganismos, que
podem produzir &cidos metabdlicos, bacteriocinas ou sofrer perda de substratos durante o
armazenamento (OKURO et al., 2013). Nesse estudo, no entanto, excelentes resultados foram
obtidos, visto que tanto as microparticulas Umidas quanto liofilizadas mantiveram o
microrganismo viavel por um bom periodo de tempo.

ETCHEPARE et al. (2016) também obtiveram bons resultados ao armazenar
Lactobacillus acidophilus microencapsulado em alginato juntamente com amido resistente
(hi-maize) a uma temperatura de 25°C. As microparticulas mantiveram 0s microrganismos
estaveis por 135 dias de armazenamento. J& MARTIN et al., (2013) microencapsularam
Lactobacillus fermentum CECT5716 usando alginato e amido pela técnica de emulséo. Apds
liofilizacdo e armazenamento sob temperatura ambiente observou-se perda de viabilidade do
microrganismo apds duas semanas.

Em relacdo ao armazenamento a temperatura de congelamento o tratamento contendo
apenas pectina se manteve viavel por 15 dias para as microparticulas umidas (8.91 + 0.18 log
UFC g'1) e por 30 dias para as liofilizadas (6.75 + 0.12 log UFC g™). J4 os tratamentos
contendo os prebidticos hi-maize, inulina e farelo de arroz foram capazes de estender a
viabilidade probiotica tanto na forma Umida quanto liofilizada, mantendo os probidticos
viaveis por um periodo de 90 dias para os tratamentos PHM e PRB e de 30 dias para o
tratamento PIN, enquanto isso, os tratamentos PINL e PRBL se mantiveram viaveis por cerca
de 105-120 dias e o tratamento PHML por 45 dias. CHEN et al. (2005) também relataram que
a incorporacdo de prebidticos a microparticulas aumentou a sobrevivéncia de probioticos
microencapsulados durante o armazenamento. Da mesma forma, FRITZEN-FREIRE et al.
(2012) observaram que microcapsulas contendo inulina enriquecida com oligofrutose
proporcionaram uma melhor protecdo do probiotico Bifidobacterium BB-12 armazenadas a 4
e -18 ° C por 180 dias.

Enquanto isso na temperatura de refrigeracdo (7 °C), tanto para as microparticulas
umidas quanto liofilizadas, observou-se que o tratamento que se destacou foi o das
microparticulas adicionadas de farelo de arroz, que permaneceram estaveis ao final dos 120
dias de armazenamento, com contagens 8.36 + 0.08 log UFC g™ para o tratamento PRB e de
6.58 + 0.04 log UFC g* para o tratamento PRBL. A perda de viabilidade dos demais
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tratamentos durante 0 armazenamento nesta temperatura pode ocorrer devido a fatores como,
a oxidacdo dos &cidos graxos, formacdo de radicais livres na presenca de oxigénio e danos no
DNA celular (PEDROSO et al., 2012). Percebe-se por este resultado que a adicdo do
prebidtico farelo de arroz as microparticulas de pectina contendo L. acidophilus e obtidas por
gelificacdo interna é capaz de aumentar a viabilidade probidtica por um longo periodo de
tempo em armazenamento a 7 °C tanto na forma Gmida quanto liofilizada.

Para que a producdo de microparticulas contendo probidticos possa ser realizada
industrialmente e em larga escala, mais testes de estabilidade de armazenamento sao
necessarios, como por exemplo, estabilidade de armazenamento em niveis de umidade

diferentes e estabilidade em diferentes sistemas alimentares (YING et al., 2013).
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6. CONCLUSOES

As microparticulas contendo Lactobacillus acidophilus LA-5 apresentaram morfologia
tipica e em sua maioria tamanho de particula adequado para a aplicacdo em alimentos. Para as
microparticulas imidas uma maior EE% foi obtida nos tratamentos PFA e PIN, de 91.24% e
90.59% respectivamente, enquanto que para as microparticulas liofilizadas a maior EE% foi
resultante do tratamento PINL de 68,11%. Tanto as microparticulas Umidas como as
liofilizadas protegeram os microrganismos frente aos testes gastrointestinais simulados.

As microparticulas Umidas apresentaram altos niveis de umidade (80,61% - 96,16%).
O teor de cinzas variou de 0,43 a 1,60% e os niveis de lipideos e carboidratos variaram entre
1,15 - 2,76% e 1,29 - 15,64%, respectivamente. Em relacdo ao teor de proteina, o tratamento
PRB apresentou niveis mais elevados em relagcdo aos demais tratamentos (2,12%).

A selecdo do melhor tratamento € dependente da matriz alimentar na qual a
microparticula serd introduzida. Para as microparticulas Umidas na temperatura de 25 °C, 0s
probidticos permaneceram vidveis em todos os tratamentos no decorrer dos 120 dias. Ja na
temperatura de -18 °C, os tratamentos PHM e PFA foram capazes de manter o microrganismo
viavel por um maior periodo de tempo, de 90 dias. Para as particulas liofilizadas, nas
temperaturas de 25 °C e -18°C, os tratamentos que continham prebiéticos mantiveram 0s
microrganismos probidticos viaveis por um maior periodo de tempo. A 7 °C o tratamento PFA
se destacou tanto para as particulas umidas quanto liofilizadas, permanecendo viavel ao final
dos 120 dias.

Portanto, considera-se que a incorporacdo de prebi6ticos na microencapsulacdo por
gelificacdo interna/emulsificacdo utilizando pectina além de ser vantajoso por proporcionar o
desenvolvimento de uma cépsula funcional, ainda é um meio eficiente para aumentar a
protecdo de L. acidophilus produzindo microparticulas com estabilidade frente a condi¢bes
adversas como a passagem pelo trato gastrointestinal e a diferentes condigdes de
armazenamento. Além disso, esse metodo € caracterizado por possuir baixo custo e um

potencial aumento de escala industrial.
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