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RESUMO

O presente trabalho teve como principal objetivo o desenvolvimento e
caracterizagdo de microcapsulas contendo a levedura probidtica Saccharomyces
boulardii obtidas pela técnica de spray drying, utilizando como agentes encapsulantes
maltodextrina e inulina. Para obtencgéo das células do microrganismo, foi realizado um
processo controlado em biorreator utilizando caldo de cana-de-agucar nao-
suplementado como substrato, com pH controlado de 5,6 e temperatura controlada
de 37 °C. Utilizando o probiético como principio ativo, foram desenvolvidas 4
formulagdes distintas em associacdo com prebidticos: M1 — utilizando maltodextrina
como agente encapsulante, M2 — utilizando inulina como agente encapsulante, M3 —
associando maltodextrina e inulina como agentes encapsulantes, e FC - formulagéo-
controle sem material encapsulante. Todas as formulagbes de microcapsulas, bem
como o controle, receberam a adicao de caldo de cana-de-agucar in natura para
potencializagao de viabilidade. Apds a produgao das microparticulas por spray drying,
a caracterizacdo das microcapsulas produzidas foi realizada através das seguintes
analises: viabilidade, morfologia, tamanho de particula, difracédo de raio-X de po,
propriedades térmicas e eficiéncia de encapsulagao. A partir dos resultados obtidos,
comparou-se a sobrevivéncia do probiético quando revestido com materiais de
parede, tanto durante o processo de secagem como durante o periodo de
armazenamento. Apos caracterizagao, constatou-se que as formulagdes envolvendo
inulina (M2 e M3) apresentaram maior eficiéncia de encapsulagao, estabilidade de
armazenamento e resisténcia ao tratamento térmico quando comparadas as
formulagcbées controle (FC) e com maltodextrina (M1). Dentre as formulagdes
apresentadas, a associagéo entre maltodextrina e inulina (M3) apresentou melhores
resultados em todas as analises de caracterizacdo. Desta maneira, os resultados
obtidos neste trabalho mostram que a microencapsulagao por spray drying pode ser
utilizada como um método eficaz para manter a viabilidade do microrganismo
Saccharomyces boulardii, e que a combinagdo dos agentes carreadores
maltodextrina e inulina - bem como o caldo de cana-de-agucar in natura - mostra-se
promissora para potencializar os efeitos probiéticos da levedura.

Palavras-chave: microencapsulagéo, spray drying, Saccharomyces boulardii,
probidticos, prebidticos.



ABSTRACT

The present study had as main objective the development and characterization
of microcapsules containing the probiotic yeast Saccharomyces boulardii obtained by
the spray drying technique, using maltodextrin and inulin as encapsulating agents. To
obtain the cells of the microorganism, a controlled process was carried out in a
bioreactor using unsupplemented sugarcane juice as a substrate, with a controlled pH
of 5.6 and a controlled temperature of 37 °C. Using probiotic as an active ingredient,
4 different formulations were developed in association with prebiotics: M1 - using
maltodextrin as an encapsulating agent, M2 - using inulin as an encapsulating agent,
M3 - associating maltodextrin and inulin as encapsulating agents, and FC - control
formulation without encapsulating material. All microcapsule formulations, as well as
the control, received the addition of raw sugarcane juice to enhance viability. After the
production of the microparticles by spray drying, the characterization of the
microcapsules produced was carried out through the following analysis: viability,
morphology, particle size, powder X-ray diffraction, thermal properties, and
encapsulation efficiency. Based on the results obtained, the survival of the probiotic
was compared when coated with wall materials, both during the drying process and
during the storage period. After characterization, it was found that formulations
involving inulin (M2 and M3) showed greater encapsulation efficiency, storage stability
and resistance to heat treatment when compared to control (FC) and maltodextrin (M1)
formulations. Among the formulations presented, the association between
maltodextrin and inulin (M3) showed better results in all characterization analysis.
Thus, the results obtained in this work showed that spray drying microencapsulation
can be used as an effective method to maintain the viability of the microorganism
Saccharomyces boulardii, and that the combination of the maltodextrin and inulin
carrier agents - as well as the raw sugarcane juice - is promising to enhance the
probiotic effects of yeast.

Keywords: microencapsulation, spray drying, Saccharomyces boulardii, probiotics,
prebiotics.
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1 INTRODUGAO

Probidticos s&o microrganismos geralmente empregados para fortalecer os
sistemas do hospedeiro e auxiliar no tratamento de certas doencgas. Estas células se
encontram disponiveis em diversas formas, como capsulas de culturas liofilizadas ou
sobrenadantes de cultura secos e misturados em alimentos lacteos. Dentre inumeras
linhagens de leveduras estudadas como probiotico, a Saccharomyces boulardii é a
que mais se destaca por sua comprovada eficacia e seguranga (MCFARLAND et al.,
2017).

A cana-de-agucar (Saccharum officinarum) desempenha um importante papel
na industria farmacéutica e de biotecnologia, uma vez que é utilizada na obtencao de
biocombustiveis e para cultivo de diversos microrganismos. Estudos recentes
mostram que nao somente o caldo de cana-de-agucar, mas também o melaco, folhas
e bagaco da cana podem ser utilizados em associagdo com leveduras do género
Saccharomyces como substrato em processos fermentativos, tanto para produgao de
metabdlitos primarios e secundarios quanto para obtencdo de biomassa microbiana
(MURUAGA et al., 2016; JUTAKANOKE et al., 2012; SANTOSH et al., 2017). Tendo
em vista a disponibilidade e a grande importancia da industria de cana-de-agucar no
Brasil, uma vez que este se destaca como o maior produtor mundial (SAHU, 2018),
este insumo foi escolhido para a producdo de biomassa microbiana utilizada neste
estudo.

O probidtico deve sobreviver a passagem pelo trato gastrointestinal superior
para que possa desempenhar sua funcdo no intestino. Dentre as técnicas
desenvolvidas para protegdo destes  microrganismos  probidticos, a
microencapsulagcdgo € comumente utilizada devido a seu baixo custo,
reprodutibilidade, facilidade de escalonamento e produgcdo de particulas de alta
qualidade (ESTEVINHO et al., 2015).

Microencapsulagéo é uma técnica de revestimento onde substancias ativas
sdo revestidas com particulas poliméricas formando capsulas microscépicas. (DA
SILVA et al., 2014). Este encapsulamento providencia uma barreira fisica contra
estresses ambientais e, portanto, reduz a perda de viabilidade das células probioticas

durante o processamento, armazenamento e passagem pelo trato gastrointestinal.
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Atualmente, pesquisas envolvendo microencapsulacao na industria farmacéutica
retratam: desenvolvimento de novos sistemas de administracdo de medicamentos,
obtencgao de novos produtos para o mercado, reducao de reacdes adversas e efeitos
colaterais, melhoria no modo de administracdo de medicamentos, possibilidade de
ligacdes sitio-especificas pelo composto, aumento no tempo de vida util em prateleira,
melhoria da ades&o pelo paciente e possivel liberacdo controlada e sustentada de
diversos principios ativos (PAULO; SANTOS, 2017; LI et al, 2019). Dentre os
materiais de parede utilizados como agentes encapsulantes, encontram-se a
maltodextrina e diversos prebidticos, os quais fornecem a prote¢cdo necessaria para
estas substancias ativas (FRITZEN-FREIRE et al., 2012).

O presente trabalho visa a produgao de células de probidtico Saccharomyces
boulardii utilizando cana-de-acucar, uma matéria-prima de baixo custo amplamente
disponivel no Brasil, bem como a posterior microencapsulacéo das células utilizando

diferentes agentes encapsulantes e caracterizagao fisico-quimica do produto final.

1.1 OBJETIVOS

1.1.1 OBJETIVO GERAL

Desenvolver e caracterizar microcapsulas contendo células de probidtico
Saccharomyces boulardii através do processo de spray drying utilizando diferentes
agentes encapsulantes, bem como avaliar a viabilidade e estabilidade visando o

incremento da atividade probidtica.

1.1.2 OBJETIVOS ESPECIFICOS

e Obter biomassa microbiana de Saccharomyces boulardii por meio de biorreator
para utilizagdo em desenvolvimento tecnologico de microcapsulas.

e Avaliar o crescimento celular de Saccharomyces boulardii utilizando caldo de
cana-de-agucar ndo suplementado como substrato.

e Desenvolver microcapsulas contendo Saccharomyces boulardii em associagao
com maltodextrina, inulina e caldo de cana-de-acucar para potencializagédo de

atividade probidtica.
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Avaliar a eficiéncia de encapsulacao do probidtico utilizando a técnica de Spray
drying.

Caracterizar microcapsulas contendo Saccharomyces boulardii através de
técnicas instrumentais analiticas como: DSC (calorimetria diferencial
exploratdria), TGA (analise termogravimétrica), DRX (difracdo de raios-x) e
SEM (microscopia eletrénica de varredura).

Realizar estudo de estabilidade do probidtico sob condicbes de

armazenamento.



16

2 REVISAO DE LITERATURA

2.1 PROBIOTICOS

A utilizagcao de leveduras para produgao de alimentos na humanidade vem de
longa data, desde a fermentacgao de paes e bebidas até a descoberta da producao de
etanol e gas carbdnico por espécies como Saccharomyces cerevisae (GOMEZ-
PASTOR et al., 2011). A levedura Saccharomyces boulardii tem sido prescrita nos
ultimos 30 anos para profilaxia e tratamento de diarreias de origem bacteriana, sendo
um dos microrganismos mais seguros e eficientes da atualidade para uso como
probidtico (KELESIDIS et al., 2011).

Segundo a Organizacao de Agricultura e Alimentos das Nagdes Unidas
(FAO/WHO), probidticos sao “organismos vivos que, quando administrados em
quantidades adequadas, conferem beneficio a saude do hospedeiro”. Ainda segundo
a FAO, para que o microrganismo seja considerado um probidtico, este deve ser
tolerante ao acido, pepsina e bile estomacais, além de mostrar atividade
antibacteriana contra bactérias patogénicas e apresentar boa aderéncia ao muco
intestinal (ARGYRI; PANAGOU; TASSOU, 2016).

O mecanismo de agao pelos quais estes organismos atuam varia de acordo
com a linhagem e a formulagdo na qual eles sao incorporados, fazendo com que o
estudo farmacologico de probidticos seja mais complexo quando comparado a
farmacos inertes (REID et al., 2016). Os trés principais mecanismos pelos quais estes
agentes atuam sao a modulacédo do sistema imune do hospedeiro, interacado direta
com outros microrganismos ou agao em compostos microbianos e alimenticios em
determinado organismo (OELSCHLAEGER et al., 2010).

Além dos beneficios propriamente ditos, os probidticos podem ser facilmente
encontrados em alimentos, preparacdes farmacéuticas e suplementos alimentares, o
gue aumenta sua disponibilidade comercial e permite 0 acompanhamento terapéutico
de diferentes linhagens de microrganismos (REID et al., 2016). A maioria dos
probidticos disponibilizados comercialmente tém origem bacteriana, uma vez que
estes microrganismos resistem melhor as adversidades do trato gastrointestinal
gquando comparados as células de levedura. Com os avangos na area de saude e

bem-estar, a introdugdo de novos probioticos industrialmente viaveis se torna cada
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vez mais valida, uma vez que estudos recentes mostram diversas linhagens de
leveduras com possivel potencial probidtico que necessitam ser exploradas
(RODRIGUEZ et al., 2018).

2.2 PRODUCAO DE BIOMASSA MICROBIANA

O processo industrial de obtencédo de biomassa microbiana se da pelo cultivo
de grandes quantidades de fungos ou bactérias utilizando culturas puras, propagadas
em meio de cultura apropriado, as quais sao incorporadas em biorreatores, onde
aumentam de volume gradativamente em cada estagio até o volume final designado.
Um processo eficiente se da pela maxima transformacéo de agucar (substrato) em
biomassa microbiana, bem como pela minimizacdo da formag¢ao de subprodutos
toxicos, como etanol e acetaldeido (VIEIRA et al., 2013).

A maioria dos processos utilizados para produgao de microrganismos
probidticos se da quase que exclusivamente por processo descontinuo ou producao
em batelada, como também é chamado, um método tradicional de produgéao industrial
de células microbianas. Pequenas alteragdes nestes métodos de produgdo podem
acarretar beneficios no cultivo industrial destas células, como a adocdo do método de
producédo continua (LACROIX et al., 2007).

A producgao industrial e comercializagdo de leveduras teve inicio no final do
século XIX, e atualmente ja é possivel a produc¢ao de linhagens com caracteristicas
especificas, as quais atendam a demanda da industria alimenticia, como a de paes e
de bebidas fermentadas. Como substrato para o crescimento celular destes
microrganismos, costuma-se usar subprodutos alimentares e de residuos
agroindustriais. Como materiais convencionais, podemos citar o amido, melago de
soja e soro de leite, além dos ndo-convencionais, como derivados do petroleo e etanol
(BEKATOROWU et al., 2006; PEREIRA et al, 2010; IZMIRLIOGLU, DEMIRCI, 2016).

A cana-de-agucar vem sendo utilizada como substrato para produgao de
etanol no Brasil, sendo uma fonte de combustivel alternativa, menos poluente e de
fonte sustentavel (WENDHAUSEN et al., 2001). A composi¢ao média do caldo de
cana-de-agucar encontra-se no QUADRO 1 e os maiores produtores mundiais de

acucar nos anos de 2017 e 2018 podem ser observados no QUADRO 2.
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QUADRO 1: COMPOSICAO CENTESIMAL DO CALDO DE CANA-DE-AGUCAR IN NATURA E

PROCESSADO.

Determinacoes Controle Pasteurizado Irradiado Pasteurizado e irradiado
Umidade (%) 81,14 £1,14° 80,39 + 1,32* 80,75 + 1,21° 80,42 + 0,50°
Valor calérico (keal) 73,80 £4,53° 76,82 + 5,300 75,41 + 4.,84¢ 76,70 £ 2,03¢
Carbolidratos (%) 18,20 £ 1,10° 18,96 + 1,25 18,61 + 1,23 18,98 + 0,407
Acticares totals (%) 17,68 £ 0,08* 17.73 £ 0,06* 17,90 £ 0,19° 17,64 + 0,20°
Acticares redutores (%) 0,49 +0,01° 0,49 + 0,02 0,50 + 0,02 0,60 + 0,01*
Extrato etéreo (%) 0,014 £0,01* 0,017 £ 0,00° 0,017 £ 0,01° 0.015 £ 0,01°
Proteinas (%) 0,21 £0,01° 0,20+ 0,01* 0,20+ 0,01* 0,19 +0,01*
Acido ascérbico (mg.100 mL) 298+0,12° 2,70 + 0,20% 2,58 £ 0,102 2,53 £0,10°
Cinza (%) 0,41 +0.,01* 0.41+£0.01* 0,42 £0,01* 0,42 £ 0,00*
Fosforo (g.kg™) 0,10 £0,01° 0,10 £ 0,00° 0,10 £0,01* 0,09 £ 0,01*
Potasslo (g.kg™) 0,77 £0,10° 0,76 + 0,207 0,75+ 0,01* 0,82 + 0,15
Calcio (gkg™) 0,31 +£0,02° 0,28 + 0,03 0,31 +£0,01* 0,30 +0,01*
Magnésio (g.kg™') 0,10 £ 0.00* 0.10 £ 0,00¢ 0,10 £ 0,01 0.10 £ 0,002
Enxofre(g.kg"') 0,25 £0,01° 0,25+ 0,01 0,24 +0,01* 0,24 + 0,017
Sédio (g.kg™) 0,68 £0,15° 0,74 £ 0,04° 0,65 £ 0,03* 0,76 £ 0,02°
Ferro (mg.kg™) 14,33 + 1,95* 15,06 + 3,87¢ 14,71 + 2,78% 15,70 + 4,18¢%
Manganés (mg.kg ') <LQ <LQ <LQ <LQ
Cobre (mg.kg™") <LQ <L.Q <LQ <LQ
Zinco (mg.kg") <L.Q <L.Q <LQ <LQ

Médias seguidas de mesma letra. nas linhas. nio diferem entre si (Tukey. p < 0.05): *médias de 3 repeticées e respectivos desvios padrao; e <LQ: menor que o limite de quantificacio do método:

manganés e cobre menor que 0,005 mgmL~ e zinco menor que 0,002 mg.mL-'.

Fonte: Oliveira (2007).

QUADRO 2: DEZ MAIORES PRODUTORES E CONSUMIDORES MUNDIAIS DE AGUCAR EM
2017-2018 EM MILHOES DE TONELADAS (MT)

NE Pais Producdo

Consumo

Contribuicgo na producdo

(milhdes de toneladas) (milhSes de toneladas) de acdcar (%)

1 Brasil 3887
2 india 32.44
3 Unido 21.15
Europeia
4 China 10.25
5 Tailandia 13.73
[ EUA 8.39
7 Meéxico 6.32
8 Paquistdo 7.42
[+] Rissia 6.50
10 Australia 4.70
11 Outros 41.82

10.60
26.50
18.80

15.70
2.63
11.18
4.59
5.40
6.16
10.1
62.14

20.28
16.93
11.03

5.34
7.16
4.37
3.29
3.87
3.39
2.45
21.82

Traduzido de: Sugar, World Markets and Trade, USDA-Foreign Agricultural Service, Office of Global

Analysis (2018).
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2.3 Saccharomyces boulardii

O cientista francés Henri Boulard observou que durante um surto de cdlera
na China em 1920, pessoas que mastigavam casca de lichia ou de mangostdo nao
desenvolviam os sintomas da doencga. Isto levou ao isolamento da linhagen de
levedura Saccharomyces boulardii de cascas de frutas, a qual € hoje o probiético mais
comercializado do mundo em formulag¢des farmacéuticas. A levedura Saccharomyces
boulardii foi registrada como um farmaco pela primeira vez em 1953, sendo o uUnico
microrganismo eucarioto probidtico registrado. Esta levedura pertence ao mesmo
género do microrganismo Saccharomyces cerevisae, a levedura mais comumente
utilizada em microbiologia industrial de produtos de género alimenticio. Como
diferenca entre estas, podemos citar a rapida velocidade de crescimento de S.
boulardii em temperaturas de 37 °C, o que torna a temperatura corpérea favoravel ao
seu desenvolvimento. Outra caracteristica interessante desta levedura é a
sobrevivéncia em baixo pH, como observado no ambiente estomacal
(LUKASZEWICKZ et al., 2012)

Na década de 1980, realizou-se um estudo para avaliar os beneficios da
levedura S. boulardii no organismo hospedeiro e para determinar seu mecanismo de
acao. Investigou-se o efeito da levedura em infecgdes bacterianas, seus efeitos sobre
a mucosa e, mais recentemente, propriedades imunomoduladoras. Medicamentos a
base de S. boulardii podem ser administrados junto com antibiéticos, uma vez que
estes nao interferem nas propriedades probidticas da levedura. Esta caracteristica é
muito importante no tratamento de diarreias infecciosas, uma vez que bactérias
probidticas teriam sua eficacia alterada pelo tratamento com antimicrobianos
decorrentes dessas doencgas. Para comercializagdo, as células sdo preparadas,

armazenadas e administradas na forma liofilizada (CZERUCKA et al., 2007)

2.4 MICROENCAPSULAGAO

A microencapsulagdo € um processo pelo qual materiais bioativos séo
revestidos com outros materiais com fungédo protetora. Essa técnica protege o
material interno de estresses ambientais e condi¢cdes adversas, como oxidacao e

acidez elevada. Nos ultimos anos, a microencapsulacdo tem sido estudada como
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forma de aumentar a viabilidade de microrganismos probiéticos durante o
processamento e o armazenamento de alimentos. Como materiais para este
processo, sao comumente utilizados polissacarideos, proteinas e agucares (ARSLAN
et al., 2015). Até o momento, microcapsulas tém mostrado enorme potencial para
liberacdo controlada em formulagdes farmacéuticas devido a serem microparticulas
de alto volume interno e grande area de superficie (FANG et al., 2019). Além disso, o
encapsulamento de principios bioativos na industria farmacéutica traz como beneficio
o aumento de viabilidade tanto durante o armazenamento quanto durante a passagem
pelo trato gastrointestinal. Isto faz com que as células probidticas retenham suas
propriedades benéficas ao hospedeiro (PAULO, SANTOS, 2017). E comum que
células sofram danos durante o processo de secagem, ocasionando em perda de
viabilidade posterior a este processo. Portanto, a adigdo de agentes encapsulantes
como protetores faz com que este dano seja diminuido e mantenha o principio ativo
intacto durante todo o processo de secagem, conforme descrito por Bernucci (2017).
Além disso, Vanden Braber (2019) relata que a microencapsulagdo de leveduras
Kluyveromyces utilizando matrizes relacionadas ao seu isolamento e crescimento
impacta positivamente no aumento de viabilidade e estabilidade do probidtico durante
0 processamento, armazenamento e passagem pelo trato gastrointestinal.

O método de Spray drying para microencapsulacdo consiste na
transformacdo de um estado fluido para o formato de particulas secas através da
pulverizagao de liquido em um meio de secagem quente (CAL et al., 2009) A técnica
de Spray drying € muito utilizada para microencapsulagédo na industria de alimentos,
uma vez que apresenta inumeras vantagens ao se trabalhar com microrganismos,
como baixo custo de operacgao e processo unico de secagem (ARSLAN et al., 2015).

A FIGURA 1 apresenta um esquema do processo de spray drying.
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FIGURA 1 - REPRESENTAGCAO ESQUEMATICA DO PROCESSO DE MICROENCAPSULAGAO
POR SPRAY DRYING.

Ar quente
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Ciclone
Formacao das
microcapsulas
Camara de
secagein 1
Coletor dasmicrocipsulas
Solucio de alimentacio:
A : o %00
material ativo + agentes (-]
2 o0 ©_,0
encapsulantes o200 &\
© 0o0% 0 =
000 © Célnla
probidtica
Microcsipsula

Traduzido de: Burgain et al. (2011)

2.5 AGENTES ENCAPSULANTES

A atual abundéncia de polimeros naturais faz com que uma extensa gama de
materiais de parede esteja disponivel para microencapsulagdo. Estes materiais
variam de lipidios, proteinas e carboidratos até as varias misturas que podem ser
obtidas com estes compostos. Esta diversidade de materiais encapsulantes faz com
que se obtenham as mais diversas caracteristicas entre as microcapsulas, como
tempo total de armazenamento, métodos pelos quais podem se obter as
microparticulas e velocidade de liberagcéo (LOZINSKA et al., 2020).

Um dos agentes proteicos mais utilizados para microencapsulagdo € a
proteina do soro de leite (WPC). Suas caracteristicas funcionais envolvem a
resisténcia a oxidagao, aumento de propriedades emulsificantes e melhora do valor
nutricional dos compostos aos quais esta associada (LOYEAU et al., 2018). Proteinas
vegetais também desempenham atividades emulsificantes quando incorporadas em
microcapsulas (PRIOL et al.,, 2019). Além destas, Carboidratos sdo amplamente

utilizados como agentes encapsulantes. Dentre estes, sdo citados amidos (sorgo e
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milho), gomas (arabica e xantana) e polimeros de diferentes agucares, como a
maltodextrina e a sacarose (ARSHAD; ALI; HASNAIN, 2018; MANSOUR; SALAH,;
XU, 2019; BRAGA et al., 2019). A estrutura polimérica da maltodextrina, bem como a
estrutura da sacarose, as quais justificam suas potenciais propriedades

encapsulantes, podem ser vistas nas FIGURAS 2 e 3.

FIGURA 2: ESTRUTURA QUIMICA DA MALTODEXTRINA.
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Fonte: CARARETO et al. (2010)

FIGURA 3: ESTRUTURA QUIMICA DA SACAROSE.
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Fonte: AMCHARA et al. (2018)

2.6 PREBIOTICOS

Segundo Roberfroid, 2010, um prebidtico é definido como um ingrediente
alimentar n&o-digerivel que concede beneficios ao hospedeiro, estimulando
seletivamente o crescimento e também a atividade de uma ou um numero limitado de
bactérias no trato gastrointestinal, melhorando assim a saude do individuo.
Estruturalmente, prebidticos podem ter sua natureza baseada em carboidratos, como
inulina, fruto-oligossacarideos (FOS), galacto-oligossacarideos (GOS) e xilo-
oligossacarideos (XOS), e nado-carboidratos, como polifendis, minerais e acidos
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graxos poli-insaturados (NUMA; PASTORE, 2019). Estruturas poliméricas do
prebidtico inulina podem ser observadas na FIGURA 4.

Prebibticos sdo amplamente utilizados em saude animal, uma vez que podem
substituir alguns antibidticos em certos tratamentos, tendo em vista que o excesso
destes pode acarretar no depdsito de residuos nos tecidos destes animais (XIA et al.,
2019; RICKE et al., 2020). Novos estudos sugerem que os beneficios do uso de
prebidticos incluem atividades antitumorais, onde tumores implantados pela via
subcutanea interagiram com os prebidticos inulina e mucina, os quais induzem
imunidade antitumoral e controlam concomitantemente o crescimento do tumor em

modelos de camundongos singénicos (LI et al., 2020)

FIGURA 4 - ESTRUTURA QUIMICA DO PREBIOTICO INULINA.
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Fonte: ROBERFROID, VAN LOO, GIBSON (1998).

2.7 CARACTERIZAGAO DE MICROCAPSULAS

Durante a producdo de microparticulas, o uso de diferentes agentes
carreadores resulta em diferentes propriedades fisico-quimicas para cada formulacéo
utilizada. Desta maneira, a comparacdo entre propriedades dos componentes

utilizados € essencial para otimizacdo deste processo nas industrias alimenticia e
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farmacéutica. Estas propriedades podem influenciar na estabilidade, velocidade de
processamento e facilidade de manuseio do produto final. (TONON, 2009). Tendo em
vista que microcapsulas também sao consideradas um excelente meio de liberagcéo
controlada de farmacos, a caracterizagdo destas particulas quanto a morfologia,
viscosidade e fluidez € de fundamental importancia para garantir a qualidade do
produto desejado (FANG, 2019). Uma vez preparadas, as microcapsulas precisam
ser analisadas quanto a sua estrutura quimica, conteudo, morfologia, superficie e
propriedades de resisténcia. Para isso, diversas técnicas sao utilizadas, dentre elas:
Espectroscopia no infravermelho com transformada de Fourier (FTIR), difracdo de
raio-X de po6 (DRX), analise termogravimétrica (TGA), calorimetria diferencial
exploratéria (DSC), microscopia eletrbnica de varredura (MEV), dentre outras
(ZHANG et al., 2018). Para analise de probidticos associados a prebioticos, estudos
recentes realizaram a analise de microestrutura das particulas através de MEV,
propriedades térmicas através de DSC e TGA e estudo de viabilidade em condicdes
gastricas simuladas, uma vez que estas analises contribuem para otimizacédo de
formulagdées no processo de microencapsulagdo. (FRITZEN-FREIRE, 2013; PINTO
et al, 2015; VERRUCK et al, 2018).

2.7.1 DIFRACAO DE RAIO-X

Tendo em vista o grande numero de técnicas empregadas para formacgéao de
pos a partir de uma substancia sélida, a Difragdo de Raio-X (DRX) € uma importante
ferramenta para caracterizagao destes compostos (RAMESH et al., 2020). A DRX de
po é uma técnica excepcional para analise de microestruturas, uma vez que permite
a analise nao-destrutiva do analito, permitindo a sua recuperacdo, bem como a
determinacdo quantitativa de estruturas cristalinas presentes na amostra. E uma
técnica muito utilizada nas areas de metalurgia, materiais e ciéncias farmacéuticas
(TEDESCO, BRUNELLI, 2017; ZHANG et al., 2017). A maioria dos principios ativos
existe no estado solido, quando em condigdes ambientais. O conhecimento detalhado
de sua estrutura cristalina € importante para entender as propriedades fisico-quimicas
que podem afetar a atividade farmacologica. Cristais que compartilham da mesma
composi¢ao quimica, mas possuem diferentes estruturas internas - incluindo

diferentes dimensdes das células unitarias e diferentes agrupamentos de cristais -
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sdo chamados polimorfos. Embora apenas uma forma de cristal tenha sido
caracterizada para alguns compostos, outras podem existir como formas polimorficas.
Para se distinguir formas estruturais de diferentes compostos, duas técnicas
principais de DRX sao utilizadas: Uma onde o feixe de raios-X é direcionado para um
unico cristal, ou também podendo ser direcionado para o pé espalhado em um suporte
de amostras (THAKRAL, 2018). O funcionamento do difratbmetro se da por um feixe
de raios-X que sai de um gerador e é refletido pela amostra, onde entédo é absorvido
por um detector. O detector e a amostra costumam ter um movimento rotacional, onde
toda a superficie da amostra podera ser escaneada pelo feixe de raios, determinando
a estrutura cristalina do composto. Amostras muito grosseiras ou transparentes
podem levar a falsas leituras (TEDESCO, BRUNELLI, 2017). Estudos mostram a
importancia da analise DRX no processo de microencapsulagao, uma vez que permite
a identificacao de propriedades vantajosas ou prejudiciais presentes no produto final,
como o grau de cristalizagado das microparticulas de drogas pouco soluveis (TAN et
al, 2009) ou o depdsito de cristais em microcapsulas para liberagdo controlada de
perfumes (PENA et al, 2012). Além disso, a DRX de p6 serve como confirmagédo de
que a microcapsula de diversos materiais atingiu a cristalizagdo desejada para

desempenhar a fungao estabelecida (CHEN et al, 2013).

2.7.2 ANALISE TERMICA

Analise térmica, constituida principalmente por DSC (calorimetria diferencial
exploratdria) e TGA (analise termogravimétrica), baseia-se em ferramentas utilizadas
para descrever o comportamento de uma substéncia em fungcdo da temperatura.
Estas analises sdo capazes de mostrar temperaturas de transicao de fase, processos
de degradagédo e condugdo de estudos de estabilidade (EL-SAYED et al., 2011).
Técnicas como esta sdo de fundamental importancia para caracterizagdo de
substancias, uma vez que as propriedades fisicas e quimicas de compostos sao
normalmente afetados por condigdes externas e internas, tais como como umidade,
temperatura, pressao, energia interna, dentre outros (REVANTH et al., 2019).

A DSC, técnica que é utilizada em aproximadamente 70% das analises
térmicas realizadas atualmente, mede o fluxo de calor durante periodos de transi¢cao

ou mudancgas termais em reacdes de oxidagao que ocorrem em uma determinada
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amostra por meio de uma funcao tempo-temperatura. Em contrapartida, a TGA mede
a variacao de peso de uma amostra quando submetida ao aquecimento. Essa
variagao de peso pode ser usada para determinar processos de oxidagado durante a
decomposicao da amostra (ROZAINA; BIRCH, 2018).

Quando utilizadas concomitantemente, essas técnicas expressam resultados
significativos envolvendo materiais utilizados na industria farmacéutica e de
alimentos, como por exemplo: a temperatura onde ocorre quebra de glicosideos, a
volatilidade de certos compostos e até mesmo auxiliar na identificagéo de substancias
que apresentam caracteristicas especificas em um determinado comportamento
térmico (XIE et al., 2007; LIN et al., 2010). Uma vez que as microcapsulas sao
submetidas a analise térmica, estas podem ser caracterizadas em diversos
parametros, ja que as informagdes de mudanga de energia obtidas na analise DSC
permitem o estudo de propriedades importantes desses compostos, tais como:
Mudanca de fase (ponto de fusdo, ponto de transigcdo vitrea), estabilidade
(decomposigao dos componentes da férmula), identificagdo de polimorfos presentes
no composto, interacdo (excipientes da formulagdo), dentre outros (HUANG, DALI,
2013). He (2020) relatou que microcapsulas do agucar manitol, quando comparadas
ao acucar sem agente encapsulante e submetidas a caracterizagdo por DSC,
apresentaram melhorias em diversos pontos, como estabilidade quimica e aumento
na capacidade de armazenamento de energia, evitando a degradag&o. Desta
maneira, estudos realizando analises de propriedades térmicas de diferentes
materiais mostraram a importancia da caracterizagcao de microparticulas, onde foram
obtidas informacdes relacionadas a variacdo de massa, estabilidade térmica, agua
livre, pureza, ponto de fusdo, ponto de ebulicdo, calores de transi¢cdo, entre outras
caracteristicas. (FRITZEN-FREIRE, 2013; PINTO et al, 2015; VERRUCK et al, 2018).

2.7.3 ESTUDO DE VIABILIDADE

A diminuicdo da viabilidade de microrganismos desempenha uma fungao
critica quando se estudam culturas microbianas. A avaliacédo de viabilidade de
biomassa apds certos processos e durante o armazenamento é de suma importancia
para o gerenciamento de processos microbiolégicos (ZUTHI et al., 2015). A
viabilidade de probidticos em diversas matrizes é afetada por fatores como pH,
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acidificacdao durante o armazenamento de produtos fermentados, producdo de
peréxido de hidrogénio, toxicidade do oxigénio, temperaturas de processamento e
armazenamento, taxa e proporgao de inoculagao, microencapsulagao e estabilidade
durante o periodo de armazenamento. Desta maneira, a preservacao da viabilidade
pela utilizagdo de agentes protetores se faz necessaria para preservar as
caracteristicas benéficas de microrganismos probioticos (MOUMITA et al., 2016;
POLETTO et al., 2019). Uma vez que a dosagem recomendada de administracao de
probidticos é de 10°8-107 UFC por grama de produto, este principio ativo deve se
manter estavel apdés o processamento, bem como durante todo o periodo de
armazenamento (BURGAIN et al, 2011). Para verificar a estabilidade microbiologica
destes compostos, sao utilizadas técnicas de analise térmica (DSC e TGA),
verificagdo de pH e contagem de células em um determinado periodo, sob condi¢des
ambientais e sob refrigeracao (COSTA NETO et al, 2019). Analisando resultados
mostrados por Fritzen-Freire (2012) e Suryabhan (2019) utilizando microrganismos
probiéticos como Bifidobactérias e S. boulardii, é possivel ver que a
microencapsulagéo potencializa a viabilidade de microrganismos probiéticos quando

armazenados, bem como sob as condi¢gdes extremas do trato gastrointestinal.
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Obtencao de Células da Levedura Probiética Saccharomyces boulardii em

Caldo de Cana-de-agucar Nao-suplementado

Obtention of Probiotic Cells of Saccharomyces boulardii in Unsupplemented

Sugarcane Juice

RESUMO

Este trabalho teve por objetivo a obtengdo de células do probidtico
Saccharomyces boulardii em biorreator utilizando como substrato o caldo de cana-
de-agucar nao-suplementado. Para crescimento do microrganismo, foi utilizado o
caldo de cana-de-agucar como principal constituinte dos meios de cultura, uma vez
que o Brasil € o maior produtor de cana-de-agucar atualmente, sendo esta uma
matéria-prima de ampla disponibilidade e baixo custo. Para obtencdo de biomassa
microbiana, trés processos foram conduzidos em biorreator de 10 litros utilizando
concentragbes distintas de inoculo (0,3 g.L', 0,7 g.L" e 1,0 g.L""). O meio dos
processos consistiu em diferentes concentragdes de caldo de cana-de-acucar diluido
em agua purificada (Processo A - 47 g.L™', processo B - 50 g.L-! e processo C - 40
g.L™"). Apds 24 horas de processo, estes foram avaliados quanto a massa celular seca
obtida e consumo de agucares totais. Dos trés processos conduzidos, o processo B
(40 g.L-'de acucares iniciais e 0,7 g.L"' de concentragéo celular inicial) foi o que
obteve maior producdo de biomassa microbiana, embora o consumo de substrato
tenha sido o maior dentre os processos realizados. A comparacdo dos cultivos
realizados sugere que o caldo de cana-de-agucar nao-suplementado pode ser
utilizado como fonte principal de carbono para células probidticas, o qual pode ser
suplementado para otimizar o processo de produgao destes microrganismos.

Palavras-chave: Cana-de-agucar, Saccharomyces boulardii, probiético
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ABSTRACT

The objective of this work was the obtention of cells of the probiotic
Saccharomyces boulardii in a bioreactor using non-supplemented sugarcane juice as
a substrate. For the growth of the microorganism, sugarcane juice was used as the
main constituent of the culture media, since Brazil is the largest producer of sugarcane
today, which is a raw material of wide availability and low cost. To obtain microbial
biomass, three processes were carried out in a 10-liter bioreactor using different
concentrations of inoculum (0.3 g.L", 0.7 g.L-' and 1.0 g.L"). The process medium
consisted of different concentrations of sugarcane juice diluted in purified water
(Process A - 47 g.L-!, process B - 50 g.L" and process C - 40 g.L"). After 24 hours of
process, they were evaluated for dry cell mass obtained and consumption of total
sugars. Of the three processes conducted, process B (40 g.L™" of initial sugars and 0.7
g.L" of initial cell concentration) was the one that obtained the highest production of
microbial biomass, although the substrate consumption was the highest among the
processes performed. The comparison of the cultivations carried out suggests that the
unsupplemented sugarcane juice can be used as the main source of carbon for
probiotic cells, which can be supplemented to optimize the production process of these
microorganisms.

Keywords: Sugarcane, Saccharomyces boulardii, probiotic
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1 INTRODUCTION

Probiotics are defined as living microorganisms which, when administered in
adequate amounts, confer health benefits to the host (GOLDSTEIN et al., 2016).
These organisms are often consumed through fermented foods such as milk, cheese,
yogurt and cereal drinks. Probiotic characteristics include resistance to stomach fluids
and the ability to fight and prevent infections of the gastrointestinal tract (RAHMANI;
MORADZADEH; FARAHMAND, 2019; EL-ENSHASY et al., 2008).

Saccharomyces boulardii is a probiotic commonly used in humans and
animals and is a viable and safe alternative to various antibiotics (VILLOT et al., 2019).
In view of the extensive cell production of this microorganism, it is necessary that the
growth process of this probiotic is cheap, sustainable and efficient. Several
inexpensive substrate alternatives, such as agro-industrial waste, are being studied
for use in culture media of these microorganisms (GABOARDI et al., 2018).

Sugarcane (Saccharum officinarum) is a plant of great economic importance
in several countries, especially in the areas of energy, fuels and chemical synthesis
(SAHU, 2018). Among the microorganisms employed in the industry, the yeast
Saccharomyces is the main one, considering its easy handling, low cost, low nutritional
need, tolerance to high sugar concentrations, among other advantages. Sugarcane
juice and molasses are among the main products obtained from sugarcane
manufacture, although leaves and bagasse can also be used to conduct fermentation
processes (SANTOSH et al., 2017; JUTAKANOKE et al., 2012). The components of
these substrates vary according to the climatic and vegetative conditions of each
region (MURUAGA et al., 2016).

This research aims to evaluate the adoption of unsupplemented sugarcane
juice as substrate for cultivation of Saccharomyces boulardii, as this contributes

economically to the community that produces this component.
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2 MATERIAL AND METHODS

2.1 ISOLATION AND CONSERVATION

To isolate a single colony of Saccharomyces boulardii, a commercial product
(Repoflor®, Legrand, Brazil) was used, where an aliquot was transferred to a flask
containing YPD medium (pH 5.6) and grown under stirring at 150 rpm and 28 °C for
24 hours. After growth, the culture was diluted and cultivated in petri dishes with YPD
medium at 28 °C for 48 h. After growth, two isolated colonies were inoculated into two
flasks containing YPD broth (pH 5.6), which were conditioned under agitation at 150
rom at 28 °C for 24 h. For preservation, the contents of the vials were divided into
polypropylene tubes and glycerol added as cryoprotectant, which were stored in

freezer.

2.2 FLASK CULTIVATION

A stored culture was first transferred to 250 mL Erlenmeyer flask containing
75 mL of YPD broth and cultivated under stirring at 150 rpm and 37 °C for 24 hours in
order to simulate human body temperature. After that, the content of the flask was
then transferred to a 1000 mL Erlenmeyer flask containing 225 mL of YPD medium
and cultivated under the same conditions.

2.3 BIOREACTOR CULTIVATION

The biotechnological processes were performed in a 10 L Biostat B (B. Braun
Biotech International, Germany) bioreactor, which started at pH 5.6 controlled with 1M
NaOH and 1M H2SO4, agitation 200 rpm, 3 vvm air injection and temperature
controlled at 37 °C. The processes media consisted of different concentrations of fresh
sugarcane juice diluted with water (total sugar concentrations were of 47 g.L-", 40 g.L-
Tand 50 g.L"). Process samples were taken at intervals of 2 hours to 12 hours, and a
new sample was taken within 24 hours of the process.
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2.4 DETERMINATION OF TOTAL SUGARS

The analysis of determination of total sugars of samples was performed by the
method of dinitrosalicylic acid (DNS) according to Miller (1959). The samples were
hydrolyzed by the addition of HCI and heating at 75 °C for 15 minutes. After hydrolysis,
3,5-dinitrosalicylic acid was added to the samples, which were heated in a water bath
at 100 °C for 15 minutes. The colorimetric reaction was quantified using
spectrophotometer (Shimadzu) at a wavelength of 560 nm. All readings were

performed in triplicate.

2.4 CELL MASS DETERMINATION

Biomass quantification was determined by gravimetry after oven drying at 65

°C to constant weight and expressed in g.L-!, as demonstrated by Bosso (2019).

2.5 CELL VIABILITY

Samples were mixed with methylene blue 5% and stirred for 5 minutes at room
temperature. Viability was examined in quintuplicates under microscope according to
Kwolek-Mirek (2014) and Zhang (2019). Viable cells were not stained with the
methylene blue, and dead cells were blue-stained.

2.6 GROWTH KINETICS PARAMETERS

Growth Kinetics Parameters were obtained according to Melo et al (2016).

2.6.1 BIOMASS PRODUCTIVITY (Px)

This parameter (Px) expresses the average speed of the yeast growth, where
the amount of biomass produced over the cultivation time is verified (being X the final

concentration of cells and Xo the initial concentration).

Px= (X-Xo) / (cultivation time)
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2.6.2 SUBSTRATE TO BIOMASS CONVERSION FACTOR (Yws)

This is the relation between the amount of biomass produced and the amount
of consumed substrate. It is given by the following expression, where Sois the initial

substrate concentration and S the final one.

Y x/s=(X-Xo0)/(So-S)

3 RESULTS AND DISCUSSION

The cultivation of Saccharomyces boulardii cell mass took place in three
separate processes. In all of them pH values and air injection were controlled,
therefore the only significant changes between the three of them were the initial cell
yield and initial sugar concentration. Bioreactor cultivation results expressed in CDW

(cell dry weight) and TS (total sugars) can be seen on figure 1.
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FIGURE 1 - COMPARISON BETWEEN BATCH CULTIVATION OF Saccharomyces boulardii WITH
DIFFERENT STARTERS AND TOTAL SUGARS INITIAL CONCENTRATION - (A) 47 g.L-' TS AND

1.0 g.L-' CDW, (B) 40 g.L.-' TS AND 0.7 g.L"* CDW AND (C) 50 g.L' TS AND 0.3 g.L-' CDW.
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As a result of the three processes, every cell yield obtained were 100% viable
during every stage of the growth. These are significant results, as probiotic cells must
be viable during every stage of processing and manufacturing of new food and
pharmaceutical products. According to Kwolek-Mirek (2014), this viability indicates
very low or non-existing impact of environment stressors and toxicity, justifying the use
for the sugarcane juice as a carbon source. As for the DCW yield, Guerra (2007) states
that supplementation of probiotic media using yeast extract impacts positively on cell
growth and its desired metabolites. Also, as a means of reducing toxicity and

increasing the fermentation rate of the substrate by Saccharomyces boulardii, Agu
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(2018) stated that the supplementation of Allopurinol can be beneficial to the yeast
cells as an enhancement of several parameters, such as cell lifespan and product
formation. On the reports of Bertrand (2018), a yeast culture media with the minimum
growth requirements could be formulated with: Glucose: 50 g.L-"; KH2POa4: 3 g.L",
(NH4)2S804: 2 g.L"; vitamins, salts and minerals, and even without an accordingly
formulated medium, the fresh sugarcane juice seems to have provided enough of
these components to the yeast cells. Following steps of this study would include
supplementation of the fresh sugarcane juice in order to increase total DCW
production for it to be used in the industry, since there are several ways to increase
probiotic activity of these microorganisms when being applied in technological

processes.

3.1 GROWTH KINETIC PARAMETERS

Growth kinetic parameters obtained for all three processes can be observed

on table 1:

TABLE 1 — GROWTH KINETIC PARAMETERS FOR BATCH CULTIVATION OF Saccharomyces
boulardii WITH DIFFERENT STARTERS AND TOTAL SUGARS INITIAL CONCENTRATION - (A) 47
g.L" TS AND 1 g.L"* CDW, (B) 40 g.L.-' TS AND 0.7 g.L-* CDW AND (C) 50 g.L-' TS AND 0.3 g.L"* CDW

Biomass productivity (Px) Substrate to biomass

(9.L".h7) conversion factor (Yxis)
(gcells.gsubstrate'1)
Process A 0.0591 0.0370
Process B 0.1049 0.0656
Process C 0.0590 0.0564

By analyzing all three processes, process B yielded the most cell mass when
compared to the other ones. Taking in consideration that the composition of all
processes’ media is the same, this can be due to the substrate/inoculum ratio being
the most adequate for this growth process. Also, according to Melo (2016), the use of
alternative sources of carbon, such as fresh juices, are viable methods in order to
increase the cell mass yield, since the results are similar to those found in works using
conventional carbon sources. Also, productivity over time is strictly related to nitrogen
content in the medium, as stated by Valera (2019). Since the media used in the
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processes were not supplemented, the delay in the fermenting process and inability
to consume all the substrate might be justified by such conditions. Regarding the
substrate to biomass conversion factor, process A had the least substrate
consumption in order to generate a determinate amount of cells. However, this
process occurred very slowly and it was not able to consume all the provided
substrate. Also, Mendes (2013) reported that supplementation of sugar cane juice with
yeast extract can positively impact the cell mass yield, as well as maintaining cell

viability during the process.

4 CONCLUSIONS

As a means of obtaining viable probiotic yeast cells to be used in the
pharmaceutical and food industry, the cultivation process using only unsupplemented
fresh sugarcane juice showed great potential to be studied in future works. The
cultivation of Saccharomyces boulardii using unsupplemented sugarcane juice
presented different cell yields when changing the initial sugar and starter culture
concentrations. When using higher starter culture concentrations, the total sugar
consumption of the process had a steady and fast rate when compared with the low
starter concentrations. Taking these results into consideration, the unsupplemented
sugarcane juice can be used as a potential carbon source for probiotic yeast cell
cultivation. Supplementation of this natural carbon source with other components

might be used as a strategy to develop efficient and cheap yeast cell culture media.
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Desenvolvimento Tecnolégico de Microcapsulas Contendo Saccharomyces
Boulardii e Estudo de Viabilidade

Technological Development of Microcapsules Containing Saccharomyces
Boulardii and Viability Study

RESUMO

O presente trabalho visou o desenvolvimento de microcapsulas contendo o
microrganismo probidtico Saccharomyces boulardii através da técnica de Spray
drying. Foram desenvolvidas 4 formulagdes distintas em associagdo com prebidticos:
M1 — utilizando maltodextrina como agente encapsulante, M2 — utilizando inulina
como agente encapsulante, M3 — associando maltodextrina e inulina como agentes
encapsulantes, e FC - células sem material encapsulante para fins de controle, todas
adicionadas de caldo de cana-de-acgucar in-natura para aumento de viabilidade. As
formulacdes de microcapsulas foram caracterizadas quanto as suas propriedades
fisicas e submetidas a avaliacdo de viabilidade do probidtico, bem como a
estabilidade da formulacao. Para analise de estabilidade microbioldgica, foram feitas
contagens das células viaveis das microcapsulas durante um periodo de
armazenamento de 30 dias a 4 °C e a 25 °C. A avaliagao fisica das microcapsulas
incluiu analises de morfologia, difracdo de raios-X e propriedades térmicas. Quando
comparadas as células de probidtico sem material encapsulante, todas as trés
formulacbes de microcapsulas demonstraram um aumento consideravel de
viabilidade celular e estabilidade de formulagdo. As microcapsulas produzidas com
inulina (M2) e maltodextrina enriquecida com inulina (M3) mostraram contagens
celulares superiores as demais formulas durante todo o tempo de armazenamento,
bem como uma maior eficiéncia durante o processo de encapsulagdo. Quando
submetidas a difracdo de raios-X, nenhuma formulacao apresentou a presenca de
cristais, sendo assim caracterizadas como amorfas. As analises térmicas realizadas
demonstraram um aumento de estabilidade térmica nas formulagdes contendo inulina
(M2 e M3). Embora a formulagdo contendo somente inulina (M2) teve a maior
resisténcia ao tratamento térmico, a associacéo entre maltodextrina e inulina (M3)
apresentou maior estabilidade de armazenamento e eficiéncia de encapsulagcao, bem
como resultados de analise térmica muito proximos a M2. Estes resultados sugerem
que o enriquecimento destas formulacdes biofarmacéuticas com prebidticos € uma
alternativa valida para a producdo de microcapsulas de alta estabilidade
microbioldgica.

Palavras-chave: microencapsulagdo, spray drying, Saccharomyces boulardii,
probidticos, inulina.
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ABSTRACT

The present study aimed at the development of microcapsules containing the
probiotic microorganism Saccharomyces boulardii through the spray drying technique.
4 different formulations were developed in association with prebiotics: M1 - using
maltodextrin as an encapsulating agent, M2 - using inulin as an encapsulating agent,
M3 - associating maltodextrin and inulin as an encapsulating agent, and FC - cells
without encapsulating material for control purposes, all added of raw sugarcane juice
to increase viability. The microcapsule formulations were characterized in terms of
their physical properties and subjected to the probiotic viability assessment, as well as
the stability of the formulation. For microbiological stability analysis, viable cells of
microcapsules were counted during a 30-day storage period at 4 °C and 25 °C, and
the physical evaluation included analyzes of morphology, X-ray diffraction and thermal
properties. When compared to probiotic cells without encapsulating material, all three
microcapsule formulations demonstrated a considerable increase in cell viability and
formulation stability. The microcapsules produced with inulin (M2) and maltodextrin
enriched with inulin (M3) showed cell counts superior to the other formulas during the
entire storage time, as well as greater efficiency during the encapsulation process.
When submitted to X-ray diffraction, no formulation presented the presence of crystals,
thus being characterized as amorphous. The thermal analyzes performed
demonstrated an increase in thermal stability in formulations containing inulin (M2 and
M3). Although the formulation containing only inulin (M2) had the greatest resistance
to heat treatment, the association between maltodextrin and inulin (M3) showed
greater storage stability and encapsulation efficiency, as well as results of thermal
analysis very close to M2. These results suggest that the enrichment of these
biopharmaceutical formulations with prebiotics is a valid alternative to produce
microcapsules with high microbiological stability.

Keywords: microencapsulation, spray drying, Saccharomyces boulardii, probiotics,
inulin.
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1 INTRODUCTION

Probiotic microorganisms are defined as live microorganisms, which when
consumed in adequate amounts, confer a health effect on the host (FAO/WHO, 2001).
These organisms are employed in the prevention and recovery of many
gastrointestinal infections as well as in the immune system improvement. Among the
many microorganisms administered with this objective, Saccharomyces boulardii is
one of the most commonly used (ARSLAN et al., 2015).

Due to the extreme conditions found in the gastrointestinal tract, such as very
low pH, digestive enzymes and bile salts, probiotic microorganisms can easily lose
their viability once they reach this kind of environment. For the probiotic cells to reach
the colon — where the beneficial effect will take place — the microorganism must survive
these adverse conditions, which is why several protection mechanisms were
developed, such as microencapsulation (ARSLAN; ERBAS, 2017).

According to Lozinska (2020), “Microencapsulation is a set of techniques,
which allows for small solid particles with a core made of active substances to be
created. The wall of the microcapsule provides the physical barrier between core and
environment.” Spray drying is the most commonly used microencapsulation technique
due to its low cost, flexibility, reproducibility and quick particle formation. It is widely
used in the food industry to produce powdered-form ingredients. (LUCAS et al., 2019).

One of the most common wall materials used for microencapsulation is
maltodextrin, due to its relatively low cost and neutral physical properties, as well as
good preservation of the probiotic effect (SURYABHAN; LOHIT; ANU-APPAIAH,
2019). In order to increase the probiotic effect, prebiotics are often used as a
supplement for the wall material. Inulin is a prebiotic obtained from many plant species
such as artichoke and chicory root, as well as synthesized from sucrose
(BENGOECHEA et al., 2019)

As reported by Kyriakoudi (2018), microencapsulation with maltodextrin
resulted in increased stability of compounds, as well as increased thermal and
gastrointestinal resistance. Bernucci (2017) also described that microencapsulation of
probiotic microorganisms has a positive effect on the survival through the GIT,
ensuring cell protection and integrity while in extreme conditions. This also allows for

the probiotic cell to be added to food and pharmaceutical products without losing its
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original properties. In the same context, Suryabhan (2019) showed that sucrose
supplementation on maltodextrin microcapsules increased the survival of probiotic
yeast cells in these formulations. Taking these results into account, and with Brazil
being the world’s biggest sugarcane productor, fresh sugarcane juice was
implemented in the formulations presented in this work in order to increase the viable
cell counts of the probiotic. Following previous studies, such as the association of
maltodextrin with oligossacharides prebiotics in microcapsules, and since the
supplementation of maltodextrin with prebiotics and proteins have showed to increase
stability and probiotic properties of various active components (ZHANG et al., 2018),
these materials were used in the formulations presented in this work. In this context,
the aim of this work is to evaluate the increased viability of an active pharmaceutical
component through production and characterization of different microcapsule
formulations, evaluating the use of maltodextrin supplemented with inulin and fresh
sugarcane juice as a potential wall material, in order to provide a low-cost and widely
available material to increase Saccharomyces boulardii GIT viability and storage

stability.

2 MATERIALS AND METHODS

A suspension of probiotic cells of Saccharomyces boulardii (10° CFU.mL-")
was used as the main component of the spray dried microcapsules. The suspension
was the result of a biotechnological process using a 10-liter bioreactor, which was then
centrifuged and concentrated into 50 mL of a 10° CFU.mL-' Saccharomyces boulardii
suspended in sterile water. The wall materials chosen as encapsulating agents were
maltodextrin and inulin. Sugar cane juice was added to the formulation to increase the
viability of the final product (SURYABHAN; LOHIT; ANU-APPAIAH, 2019).

2.1 PREPARATION OF DRYING SUSPENSIONS

Four suspensions of 50 mL each were prepared: FC (10 mL of yeast
suspension, 1 mL of sugar cane juice), M1 (10 mL of yeast suspension, 1 mL of sugar
cane juice and 10 g of maltodextrin), M2 (10 mL of yeast suspension, 1 mL of

sugarcane juice and 10 g of inulin) and M3 (10 mL of yeast suspension, 1 mL of
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sugarcane juice, 5 g of maltodextrin and 5 g of inulin). Every formulation received
sterile water in order to obtain 50 mL and the fresh sugarcane juice contained 0.3

g.mL"" of total solids. Designed formulations can be seen on Table 1:

TABLE 1 — FORMULATIONS OF MICROCAPSULES CONTAINING Saccharomyces boulardii AS
BIOPHARMACEUTICAL ACTIVE INGREDIENT.

Saccharomyces
boulardii Fresh
suspension (10° Maltodextrin Inulin Sugarcane Juice
CFU.mL") (0.3 g.mL")
(0.15 g.mL™")

M1 10 mL 10g - 1mL

M2 10 mL 109 T mL

M3 10 mL 59 549 1 mL

2.2 SPRAY DRYING PROCESS

The spray drying process was performed using constant outlet temperature of
45 °C. The yeast suspensions were kept under magnetic agitation and were fed into
the machine through a peristaltic pump set at a flow of 0,7 mL per minute, as well as
a drying air flow of 0,15 m? per minute. At the end of each process, the resulting powder
was collected at the base of the equipment and recovered from the walls of each
compartment, which were mixed thoroughly and stored into sterile polypropylene
tubes.

In order to assess the effects of the different wall materials used in the
process, a cell viability count was performed right after the spray drying process, as
well as after 15 and 30 days of storage in both 4 °C and 25 °C temperatures. The
resulting powders were also evaluated on their morphology, particle size, moisture

contents, and were submitted to thermal analysis and powder x-ray diffraction.

2.3 ENCAPSULATION EFFICIENCY

The encapsulation efficiency (EE) was calculated as described by Petraityte
(2019), as:
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EE = (N/NO) x 100

where N is the number of viable cells (log CFU.g™") of dry matter contained inside the
microcapsules, and NO is the number of viable cells (log CFU.g") of dry matter before

drying the suspensions.

2.4 CHARACTERIZATION OF SPRAY DRIED YEAST FORMULATIONS

After the spray drying process, in order to evaluate the physical alterations
suffered by the yeast cells, as well as determining differences between the
formulations viabilities, the obtained powders were_—submitted to the following
analyses: Morphology, Differential Scanning Calorimetry (DSC), Thermogravimetric
Analysis (TGA) and Powder X-ray diffraction (DRX).

2.4.1 MORPHOLOGY ANALYSIS

Morphology was observed using a Scanning electron microscope JEOL JSM
6360-LV (Jeol, Tokyo, Japan). Before visualization, the powder samples were placed
on adhesive paper and coated with gold at 30 mA through 1m30s. Magnifications

observed were of 3000 and 7000 times, for comparison purposes.

2.4.2 DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS (DSC)

The DSC analysis of the microcapsules were performed using a shimadzu
DSC-60 (Shimadzu, Kyoto, Japan). Approximately 2_mg of powder samples were
placed in aluminum pans and analyzed under a dynamic synthetic air atmosphere of
50 mL.min"" and heated from 30 °C to 400 °C at a heating rate of 10 °C per minute.

The equipment was previously calibrated with reference standards of zinc and indium.

2.4.3 THERMOGRAVIMETRIC ANALYSIS (TGA/DRTGA)

Thermogravimetry analysis were performed using a Shimadzu DTG-60

thermobalance (Shimadzu, Kyoto, Japan). Approximately 2 mg of samples were placed
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in platinum pans under a dynamic synthetic air atmosphere of 50 mL.min-! and heated
from 30 °C to 400 °C at a rate of 10 °C per minute. The equipment was calibrated with

reference standard of calcium oxalate with declared purity of 99.99%

2.4.4 POWDER X-RAY DIFFRACTION ANALYSIS (XRD)

Powder X-ray diffraction was performed using a Shimadzu XRD-6000
diffratometer (Shimadzu, Kyoto, Japan). Approximately 10 mg of each sample were
placed into a holder and inserted on the equipment. The scan range was set between
10 and 80°, scan angle of 20, scan speed of 2 degrees per minute and conditions of

40 kV voltage and 20 mA current.

2.5 STABILITY OF Saccharomyces boulardii AFTER MICROENCAPSULATION

To determine viable cell count after storage, samples of 0, 15 and 30 days of
the microcapsules were resuspended in sterile water (1 g of spray dried formulation
powder into 9 mL sterile water), diluted accordingly (1 mL of previous suspension into
9 mL of sterile water, with subsequent dilutions of the same proportion), plated into
YPD agar (dextrose, tryptone, yeast extract and bacteriological agar, pH 5.6) and
incubated at 37 °C for 48 hours.

3 RESULTS AND DISCUSSION
3.1 ENCAPSULATION EFFICIENCY

Maltodextrin, inulin, fresh sugarcane juice and their combinations were
selected as wall materials in order to evaluate the effect of different polymers
supplemented with sucrose when producing microcapsules containing
Saccharomyces boulardii as bioactive ingredient. These associations were then
submitted to spray drying process and then had their characteristics assessed by
analytical methods. Table 2 shows the viable cell counts for Saccharomyces boulardii
in the initial suspensions (before spray drying), in the microcapsules (after
microencapsulation) produced with different wall materials and the respective

encapsulating efficiency.
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TABLE 2 — ENCAPSULATION EFFICIENCY OF Saccharomyces boulardii USING DIFFERENT
ENCAPSULATION AGENTS.

Microcapsules Log CFU.g™ Log CFU.g™ Encapsulation
Before drying After drying Efficiency (EE)%
process process

M1 (Maltodextrin) 9.81 7.47 76.14%

M2 (Inulin) 9.81 7.75 79.00%

M3 (Maltodextrin and 9.81 8.44 86.03%

Inulin)

The results showed an increased viable cell count for the microparticles
produced with maltodextrin and inulin (M3) when compared to the other formulations
— M1 (maltodextrin) and M2 (inulin). In addition, the encapsulation efficiency of M3
was 7 to 10% higher when compared to the other microcapsules produced. When
comparing only M1 and M2, the later showed an increased viable cell count and,
therefore, in the encapsulation efficiency. This suggests that inulin can act as a
thermoprotector agent during the spray drying process, increasing the yeast cells
survival during the encapsulation (FRITZEN-FREIRE et al., 2012).

Also, Shao (2018) showed that microencapsulation using maltodextrin and
different proteins had a significant positive impact on microencapsulation efficiency.
Therefore, the components used in this study were shown to be appropriate wall
materials for the encapsulation of Saccharomyces boulardii. Regarding the viable cell
count, every microcapsule formulation presented a vyield higher than the
recommended in order to provide health benefits to the host, which is 106 CFU.g™" of
the final product (PETRAITYTE; SIPAILIENE, 2019). In addition, Garcia-Manrique et
al (2019) stated that when testing wall materials with different molecular weights,
differences tend to appear in encapsulation efficiency. Furthermore, interfering
molecular groups that are contained in these materials, such as the amount of hydroxyl
groups, also tend to interfere with the encapsulation efficiency due to interactions with

the aqueous matrix used in these formulations.
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3.2 SCANNING ELECTRON MICROSCOPY (SEM)

The SEM micrographs of the Saccharomyces boulardii microparticles in
association with different encapsulating agents can be seen on figure 1. The SEM has
shown the absence of free yeast cells in the microcapsules powder, confirming the

formation of microparticles for all formulations (M1, M2 and M3).

FIGURE 1 - MICROGRAPHS OF Saccharomyces boulardii MICROCAPSULES:(A) FREE CELLS
(FC), (B) MALTODEXTRIN (M1), (C) INULIN (M2) AND (D) MALTODEXTRIN AND INULIN (M4).

ZHm
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3. B8

(C)

Analyzing the morphology of free S. boulardii cells submitted to spray drying,
the damage this process can cause to unprotected microorganisms becomes clear.
Also, when comparing the FC formulation to S. boulardii cells that were not submitted
to the spray drying process - as documented by Krasowska et al (2019) - cell damage,
outer membrane rupture and changes to natural cell morphology become very evident.
In accordance to results shown by Pinto (2015), particles obtained from the same
formulation had different sizes and showed a spherical shape, as well as some
concavities, which are well-known characteristics of spray dried products.
Microparticles obtained from the M2 formulation had the most surface disruption
among all three formulations, suggesting the exit of heat and volatile components
when submitting microorganisms to the spray drying process (LIAN, HSIAO, CHOU,
2012).
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The same phenomenon occurs to form concavities on the surface of the
particles, as reported by Saénz (2009) — Formation of these depressions in the surface
of spray dried microcapsules is due to the fact shrinkage of the particles during the
drying process, a result of the rapid evaporation of liquid drops present in the
formulation. The cells without encapsulating agent (FC) were the most damaged by
the spray drying process and were used as control.

M1, M2 and M3 were completely coated by the wall materials and showed
surface integrity and constant format. Maltodextrin and inulin microcapsules are in
accordance with particles shown by Nawas (2019) and Ding (2020), where the results
indicated that when using low molecular weight carbohydrates as carrier agents, more
smooth and spherical particles where produced, whereas carbohydrates with high
molecular weight could cause more particle shrinkage and end up collapsing due to

their film-forming characteristic.

3.3 POWDER X-RAY DIFFRACTION

The X-ray diffractograms of the Saccharomyces boulardii microparticles in

association with different wall materials can be seen on figure 2.



58

FIGURE 2 — X-RAY DIFFRACTOGRAMS OF MICROCAPSULES PRODUCED WITH: (A)
MALTODEXTRIN (M1), (B) INULIN (M2) AND (C) MALTODEXTRIN AND INULIN (M3).
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According to the diffractograms, every formulation resulted in amorphous
microparticles. This suggests that neither the fresh sugarcane juice nor the
encapsulating agents provided a crystalline structure to the yeast cells. Amorphous
structure observed in both microcapsules are in accordance to particles shown by
Barroso (2013).

The diffractograms containing amorphous material present large and diffuse
peaks due to the fact that molecules in an amorphous state are displayed out of order
and, therefore, produce dispersed bands, which contrasts with any crystalline
materials that may be in association with the active ingredient, materials which would
yield sharp and defined peaks because of the highly ordered state of the molecules.
According to further reports by Barroso et al (2013), the amorphous state of particles
has higher internal energy and higher solubility, mainly due to the fact of less
molecules packing together, unsaturated binding, and lack of arrangement. As stated
by previous works, powders containing amorphous structures may yield advantages
when used in the pharmaceutical and food industry, since one of their main properties
is high dispersibility in water (YU, 2001).
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The produced microcapsules (M1, M2 and M3) were evaluated by their

thermal behavior and the results can be observed in the DSC and TGA/DrTGA curves

showed by figure 3.

FIGURE 3 - DSC (

) (SOLID LINE) AND TGA (- - - -) (THICK DASHED LINE) / DRTGA

S ) (THIN DASHED LINE) CURVES OF Saccharomyces boulardii MICROCAPSULES
PRODUCED WITH: (A) FREE CELLS, (B) MALTODEXTRIN (M1), (C) INULIN (M2) AND (D)
MALTRODEXTRIN WITH INULIN (M3)
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Table 3 displays the values of Tpeak, Tonset and Tendset temperatures, as well as

the results of enthalpy change when submitting the formulations for DSC. It can be

noted that the fusion-like transition temperatures and enthalpies variations have

changed for the produced microcapsules when compared to the Free Cells control.
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TABLE 3 - DSC OF MICROCAPSULES AND FREE CELLS SHOWING Tpeak, Tonser, Tenoser AND
ENTHALPY (AH) MEASUREMENTS.

Formulations Tpeak (°C) Tonset (°C) Tendset (°C) AH (J.g™)
FC 163.00 147.25 180.12 -123.66
M1 179.16 178.14 182.38 -41.39
M2 208.27 206.95 211.82 -132.66
M3 190.08 188.11 195.69 -86.32

(FC) Free cells, (M1) microcapsules with maltodextrin, (M2) microcapsules with Inulin

and (M3) microcapsules with maltodextrin and inulin.

For all four formulations, the first curve (A) shows one well-defined
endothermic event, most likely correspondent to a fusion-like state transition of the
microcapsules. The wideness of (a) peak corresponds to the fusion-like transition of a
complex matrix, due to the fact that the cells are unprotected and therefore a not-
uniform melting of the probiotic takes place. Every other formulation showed a
narrower peak due to the presence of well-defined encapsulation agents. Every
subsequent thermal event corresponds to gradual decomposition of the different
matter present in the formulations. When comparing thermal analysis curves of the
microcapsules (M1, M2 and M3) and Free Cells in figure 4, the cells which did not
receive encapsulating agents had the lowest phase transition temperature, 163 °C.

When coated with wall materials, the microcapsules increased their phase
transition temperature to 179 °C (M1), 190 °C (M3) and 208 °C (M2), as stated by their
higher Tpeaks. DSC of free probiotic cells match the probiotic fingerprinting reported by
Razafindralambo (2019).

Also, since sucrose was added on every formulation through fresh sugarcane
juice, thermal decomposition of the microcapsules might have been reduced after the

spray drying process, as reported by Morrow (2019).
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FIGURE 4 — COMPARATIVE DSC BETWEEN FREE CELLS (FC), MALTODEXTRIN (M1), INULIN
(M2) AND MALTODEXTRIN AND INULIN (M3).

DSC
mW

10.00 s

009 1 { I — i —

-10.00-

M2 208°
100 200 300 400
Temp [C]

The weight loss in the decomposition steps with its respective temperature

range and DTGpeak temperature are shown in Table 4.

TABLE 4 - TGA OF MICROCAPSULES AND FREE CELLS SHOWING WATER WEIGHT LOSS, Am
AND DTGpeak MEASUREMENTS.

Formulations Water weight loss
(%) Am (%) DTGpeak (°C)
FC 5.065 33.26 274.92
M1 3.936 43.39 279.67
M2 5.062 33.50 209.77
M3 0.065 48.86 213.84

(FC) Free cells, (M1) microcapsules with maltodextrin, (M2) microcapsules with Inulin

and (M3) microcapsules with maltodextrin and inulin.

The TGA/DrTGA curves showed two different stages, which can be seen on
figure 5. The first one being the loss of water weight, occurring between 30 and 105

°C, and the second being the decomposition process of the matter, which occurs in
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either one or two steps, depending on the analyzed sample. Both FC and M2 had a
humidity loss of 5% in the first stage, while M1 had a 3.9% loss and M3 had a <1%
loss. Also, the decomposition stages of the analysis remained constant for all
microcapsules and free cells, which correspond to the degradation of material
constituent such as proteins and carbohydrates (PINTO et al, 2015).

The thermal behavior of inulin was also shown by Leone (2014), in which it
degrades in three different steps, two of which were reproduced in this work. Bohm
(2004) also stated that the degradation of the fructose chains presents in inulin occurs
near the temperature of 213 °C, close to the phase transition temperature of the inulin-
only based microcapsules.

As for maltodextrin behavior, Laczkowski (2013) described the increase in stability of
certain agents when used as wall material, similar to the results found in this work.
Also, M3 showed 2 very distinct decomposition stages which peaked at 214 °C and
276 °C, respectively. This indicates decomposition of the two distinct materials used
to formulate this microcapsule, being an intermediate between M1 and M2

decomposition stages.
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FIGURE 5 - COMPARATIVE TGA BETWEEN FREE CELLS (FC), MALTODEXTRIN (M1), INULIN
(M2) AND MALTRODEXTRIN AND INULIN (M3)
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3.5 VIABILITY OF MICROENCAPSULATED Saccharomyces boulardii AFTER
SPRAY DRYING AND DURING STORAGE TIME

The effects of different encapsulating materials on the viability of
Saccharomyces boulardii microcapsules during storage at 4 °C and at 25 °C is shown
in figure 6 (a) and (b), respectively.
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FIGURE 6 - EFFECTS OF DIFFERENT ENCAPSULATING MATERIALS ON THE VIABILITY OF
Saccharomyces boulardii MICROCAPSULES DURING 30-DAYS STORAGE TIME, AT 4 °C (A) AND
AT 25 °C (B).
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(FC) Free cells (M1): microcapsules with maltodextrin, (M2): microcapsules with Inulin

(M3): microcapsules with maltodextrin and inulin.

When comparing microcapsules stored in both temperatures, the particles

viability was maintained above the recommended 108 CFU.g"' when stored under 4
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°C during the period of 30 days. However, when stored under 25 °C, both FC (free
cells) and M1 (maltodextrin) showed a decrease in viability below the recommended
value after 15 days. In both temperatures M3 maintained the highest viability value
throughout the 30-day period, suggesting that the association of maltodextrin with
inulin as protecting agent helps the yeast cells to survive longer during storage, which
is in accordance to microencapsulation studies reported by Sarkar (2017). During 4
°C storage, M1, M2 and M3 showed an increase in viability during the first 15 days,
which is a result of cell recovery after the damage induced by the spray drying process,
since the technique used to produce the powder have an influence on the cell viability
(SIMPSON et al., 2005).

4 CONCLUSIONS

The coating of Saccharomyces boulardii with both maltodextrin and inulin
increased the encapsulation efficiency and initial viability of the yeast, as well as during
the 30-day storage period. The microparticles maintained the yeast’'s amorphous
structure after the encapsulation process. Regarding thermal treatment, the
entrapment of the cells within wall materials provided a higher resistance when
exposed to high temperatures when compared to the free cells. The microcapsules
formulated with maltodextrin and inulin showed the highest decrease in water weight
loss during thermogravimetric analysis, as well as good improvement during the DSC
phase transition stage, along with M2 (inulin only). Considering these results, the
microcapsules designed with inulin-enriched maltodextrin showed great potential in
improving the probiotic capabilities of Saccharomyces boulardii yeast cells when used

as an active ingredient in pharmaceutical preparations.
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