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RESUMO

As frutas sdo amplamente conhecidas pelo seu valor nutricional e potencial funcional, e
recentemente, os coprodutos de frutas tem ganhado destaque especial devido a sua riqueza em
compostos bioativos. Esses coprodutos sao derivados da industria de processamento de frutas,
constituidos basicamente de cascas, sementes e talos, geralmente sdo descartados. Este estudo
teve por objetivo avaliar o potencial de utilizagdo de coprodutos do processamento de frutas,
acerola (Malphigia glabra L., CACE), caju (Anacardium occidentale L., CCAS) e goiaba
(Psidium guayaba L., CGUA) como meios para multiplicacdo (fermentacéo) e manutencédo da
viabilidade de Lactobacillus acidophilus LA-05 e Lacticaseibacillus paracasei L-10 durante a
liofilizacdo, armazenamento e digestdo gastrointestinal simulada, como também os efeitos na
abundancia relativa de diferentes grupos bacterianos intestinais, metabolismo microbiano e
capacidade antioxidante durante 48 h de fermentacéo fecal usando in6culo fecal humano. Os
resultados mostraram que, quando utilizados como meios de cultivo, CACE, CCAS e CGUA
resultaram em contagem de células viaveis de Lactobacillus >8,8 log UFC/g apds 24 h, além
de capacidade de reducéo da fase lag. Ao longo da fermentacédo, houve reducao na concentracao
dos acucares glicose e frutose, com concomitante aumento na producédo de acidos organicos, e
reducdo do pH (3.46 — 3.99). A fermentacdo dos coprodutos por Lactobacillus promoveu
aumento na concentracdo de compostos fenolicos, que contribuiu para o aumento da atividade
antioxidante ao final do processo fermentativo. Apds o processo de liofilizagdo das cepas de
Lactobacillus nos coprodutos fermentados, observaram-se altas taxas de sobrevivéncia (>
86%), demonstrando que esses meios poderiam proteger as cepas durante a liofilizacdo. Ao
final do armazenamento, L. acidophilus LA-05 e L. paracasei L-10 liofilizados com CACE,
CCAS e CGUA apresentaram reducdes (2-3 ciclos logaritmicos) p < 0,05 menores que quando
liofilizados no meio controle. Ainda, CACE, CCAS e CGUA foram capazes de reduzir o
tamanho de subpopulacGes injuriadas e mortas durante as etapas da digestao simulada. Os meios
dos coprodutos de frutas aumentaram a abundancia relativa de grupos bacterianos benéficos,
ao mesmo tempo gue diminuiram ou mantiveram a abundancia relativa de grupos bacterianos
ndo benéficos, indicando efeitos estimuladores supostamente seletivos nas populacdes
intestinais bacterianas benéficas. Concomitante a isso, houve estimulo da atividade microbiana,
com alteracdo do perfil metabdlico, resultando em diminuicdo do pH, consumo de acUcar,
producdo de acidos graxos de cadeia curta, aumento de compostos fendlicos e da capacidade
antioxidante durante a fermentacéo fecal. Esses resultados sugerem que CACE, CCAS e CGUA
podem atuar como meios de cultivo eficientes para crescimento de L. acidophilus LA-05 e L.
paracasei L-10, com efeito protetor destas cepas durante liofilizacdo, armazenamento e
exposicdo a digestdo gastrointestinal simulada. Além disso, podem induzir mudancas benéficas
na abundancia relativa de varios grupos bacterianos, bem como na atividade metabélica da
microbiota intestinal humana, sendo candidatos circulares novos e sustentaveis para uso como
ingredientes simbioticos.

Palavras-chave: Coprodutos de frutas; probioticos; prebidticos; fermentacdo; microbiota
intestinal; ingrediente funcional.



ABSTRACT

Fruits are widely known for their nutritional value and functional potential, and recently, fruit
co-products have gained special attention due to their richness in bioactive compounds. These
co-products are derived from the fruit processing industry, basically consisting of peels, seeds
and stalks, and are generally discarded. This study aimed to evaluate the potential for using co-
products from fruit processing, acerola (Malphigia glabra L., CACE), cashew (Anacardium
occidentale L., CCAS) and guava (Psidium guayaba L., CGUA) as means for multiplication
(fermentation) and maintenance of viability of Lactobacillus acidophilus LA-05 and
Lacticaseibacillus paracasei L-10 during freeze-drying, storage and simulated gastrointestinal
digestion, as well as the effects on the relative abundance of different intestinal bacterial groups,
microbial metabolism and antioxidant capacity during 48 h of fecal fermentation using human
fecal inoculum. The results showed that, when used as culture media, CACE, CCAS and CGUA
resulted in viable Lactobacillus cell counts >8.8 log CFU/g after 24 h, in addition to the ability
to reduce the lag phase. Throughout fermentation, there was a reduction in the concentration of
glucose and fructose sugars, with a concomitant increase in the production of organic acids, and
a reduction in pH (3.46 — 3.99). The fermentation of co-products by Lactobacillus promoted an
increase in the concentration of phenolic compounds, which contributed to an increase in
antioxidant activity at the end of the fermentation process. After the freeze-drying process of
Lactobacillus strains in the fermented co-products, high survival rates (> 86%) were observed,
demonstrating that these media could protect the strains during freeze-drying. At the end of
storage, L. acidophilus LA-05 and L. paracasei L-10 lyophilized with CACE, CCAS and
CGUA showed reductions (2-3 logarithmic cycles) p < 0.05 smaller than when lyophilized in
the control medium. Furthermore, CACE, CCAS and CGUA were able to reduce the size of
injured and dead subpopulations during the simulated digestion steps. Fruit coproduct media
increased the relative abundance of beneficial bacterial groups while decreasing or maintaining
the relative abundance of non-beneficial bacterial groups, indicating putatively selective
stimulatory effects on beneficial intestinal bacterial populations. Concomitant to this, there was
a stimulation of microbial activity, with a change in the metabolic profile, resulting in a decrease
in pH, sugar consumption, production of short-chain fatty acids, an increase in phenolic
compounds and antioxidant capacity during fecal fermentation. These results suggest that
CACE, CCAS and CGUA can act as efficient culture media for the growth of L. acidophilus
LA-05 and L. paracasei L-10, with a protective effect on these strains during freeze-drying,
storage and exposure to simulated gastrointestinal digestion. Furthermore, they can induce
beneficial changes in the relative abundance of various bacterial groups, as well as in the
metabolic activity of the human intestinal microbiota, making them new and sustainable
circular candidates for use as symbiotic ingredients.

Keywords: Fruit co-products; probiotics; prebiotics; fermentation; intestinal microbiota;
functional ingredient.
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1 INTRODUCAO

As frutas desempenham um papel fundamental na nutricdo humana, portanto, a
demanda por esses produtos aumentou significativamente como resultado do crescimento da
populacdo global e da mudanca nos habitos alimentares (Cadiz-Gurrea et al., 2020). O Brasil é
0 terceiro maior produtor de frutas do mundo, produzindo e processando uma elevada
quantidade de frutas tropicais, como acerola, caju e goiaba (Albuquerque et al., 2019; Sabino
et al., 2020). Cerca de 53% da producdo nacional de frutas é destinado para as industrias de
processamento, com isso sdo produzidas grandes quantidades de coprodutos de frutas que
representam um importante problema ambiental (Araujo et al., 2014).

Os coprodutos do processamento de frutas sdo constituidos de cascas, sementes, bagaco
e talos, representando na maioria das vezes mais da metade da composicéao total da fruta e,
recentemente tém ganhado atengdo em virtude de sua qualidade nutricional, quando comparado
a uma porcdo comestivel da fruta, com valores significativos de nutrientes e compostos
bioativos, que apresentam efeitos benéficos a satde humana (Can-cauich et al., 2017; Campos
et al., 2020; Rodriguez et al., 2021). O valor nutricional desses insumos revela seu potencial
para uso como substratos em processos fermentativos e para o desenvolvimento de formulagdes
com propriedades funcionais (Araudjo et al., 2020; da Silva et al., 2023; Kapoor et al., 2020;
Oliveira et al., 2020), como estratégia de agregar valor a essas matrizes (Campos et al., 2020).

As culturas de bactérias acido laticas (BAL), sdo comumente utilizadas como culturas
iniciadoras pela industria de alimentos e farmacéutica (Cheng et al., 2022). Essas culturas
passam por processos de preservacao (ou estabilizacdo) que inicia a partir de seu cultivo em
meio especifico, seguido do processo de secagem, normalmente por liofilizacao, para obtencao
de biomassa altamente concentrada e estavel para ser usada na formulacdo de produtos
alimenticios ou nutracéuticos (Fonseca et al., 2019). O caldo de Man, Rogosa e Sharpe (CMRS)
é um meio de cultivo bem estabelecido e amplamente utilizado para o cultivo de cepas
probidticas, porém seu alto custo dificulta sua aplicacdo comercial em larga escala (Cejas et al.,
2017). Portanto, meios de cultivo mais econdmicos que permitam uma producao satisfatoria de
biomassa bacteriana se fazem necessarios. O valor nutricional dos coprodutos de frutas ndo so
justificaria o seu potencial uso como ingrediente em meios de cultivos para BAL, incluindo os
probidticos, mas também como agentes protetores em processos de desidratacdo destes
microrganismos (Araujo et al., 2020; Cejas et al., 2017; Quintana et al., 2017).Soro de leite,
permeado de soro de leite, okara (residuo da soja), broto do malte e varios outros residuos

agroindustriais tém sido propostos como meios de cultivo alternativos para a producdo de
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culturas probidticas (Cejas et al., 2017; Golowczyc et al., 2013; Quintana et al., 2017). Aradjo
et al. (2020) avaliaram os efeitos protetores de coprodutos de acerola, caju e goiaba sobre cepas
de Lactobacillus durante a desidratacdo bem como o armazenamento, atribuindo esse efeito
protetor a composicdo quimica desses materiais, que inclui aglcares simples, oligossacarideos
(fruto-oligossacarideos) e compostos fendlicos.

No entanto, coprodutos de frutas tropicais ainda sdo pouco investigados quanto ao
potencial em promover uma melhor estabilidade bacteriana durante bioprocessamentos, a
exemplo da fermentacdo e liofilizacdo, que sdo empregados para obtencdo de culturas
probidticas. Ademais, nenhum estudo até a presente data foi realizado para avaliar a
estabilidade e sobrevivéncia de cepas de Lactobacillus ao longo do armazenamento e exposi¢ao
as condicdes do trato gastrointestinal (TGI) simulado in vitro, apos cultivadas em meios de
fermentacdo com coprodutos de frutas seguido de liofilizacdo. Esse aspecto € relevante,
considerando que para promover beneficios a saude do consumidor, as bactérias probioticas
devem sobreviver e se manterem viaveis e com funcdes fisioldgicas preservadas ao longo do
armazenamento e frente as condi¢des adversas do TGI, sendo entregues em contagens viaveis
para colonizar eficazmente o intestino (Wang et al., 2021).

Outrossim, a riqueza em fibras e compostos fenolicos que impactam diretamente nas
propriedades antioxidantes e prebioticas (Albuguerque et al., 2019; Gualberto et al., 2021;
Miskinis et al., 2023; Vega-Baudrit et al., 2023) tornam os coprodutos de frutas excelentes
candidatos a serem metabolizados pela microbiota coldnica e exercerem diferentes efeitos
fisiologicos, incluindo um efeito local na modula¢do da microbiota intestinal (de Souza et al.,
2019; Lima et al., 2019; Owolabi et al., 2019; Lima et al., 2019; Owolabi et al., 2020). Estudos
sobre os efeitos simbidticos dos coprodutos de frutas fermentados por probioéticos na microbiota
intestinal ainda sdo escassos. Poucos estudos avaliaram in vitro potenciais propriedades
prebidticas de coprodutos de frutas, relatando efeitos estimuladores no crescimento e
metabolismo dos probidticos Lactobacillus e Bifidobacterium, além de aumentar a producéo de
acidos graxos de cadeia curta (Menezes et al., 2021a; Menezes et al., 2021b).

Assim, esse estudo avaliou o uso de coprodutos de acerola, caju e goiaba associado a
cepas de Lactobacillus, durante fermentacédo e liofilizacdo, e seu impacto nos parametros de
atividade metabdlica durante a fermentacdo, bem como na estabilidade dessas cepas quando
submetidas ao processo de desidratacdo, armazenamento refrigerado e exposicdo ao trato
gastrointestinal simulado. Em soma, ainda se avaliou os efeitos dos coprodutos fermentados na
abundancia relativa de diferentes populagdes bacterianas intestinais, producéo de metabdlitos

microbianos e capacidade antioxidante durante 48 h de fermentagéo fecal in vitro.
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2 REFERENCIAL TEORICO

2.1 FRUTAS E COPRODUTOS DO PROCESSAMENTO DE FRUTAS

A producdo mundial de frutas estd em constante crescimento e o Brasil se destaca como
um dos principais produtores, apresentando uma producdo que supera 41 milhdes de toneladas,
ultrapassando paises como os Estados Unidos, Italia e Espanha (Gonzalez-Aguiar et al., 2008;
Vieira et al., 2017). Favorecido pela posicdo geografica, caracteristicas do solo e condicbes
climaticas, o Brasil oferece beneficios a producdo de variadas espécies tropicais e subtropicais
0 ano inteiro (Albuquerque et al., 2019; FAO/ONU, 2017; Treichel et al., 2016).

As frutas tropicais e subtropicais apresentam altos niveis de compostos bioativos e
propriedades funcionais relacionadas a saude humana como resultado de sua composicédo
nutricional. Sdo excelentes fontes de fibras, polissacarideos, acidos organicos, vitaminas,
minerais, compostos fenolicos e fitoquimicos que podem atuar na prevengdo ou no tratamento
de algumas doencas (Dantas et al., 2023). Além das suas propriedades, as frutas tropicais tém
sido apreciadas pelas suas caracteristicas sensoriais atraentes e sabor exdtico, favorecendo a
expansdo nos mercados nacional e internacional (Sayago-Ayerdi et al., 2021)

As frutas sdo pereciveis, por esse motivo sua comercializa¢do na forma “in natura” para
as grandes distancias é dificultada. Cerca de 50% da producéo de frutas é destinada para o setor
das agroindustrias, que as utiliza para elaboracdo de diversos produtos processados, como
geleias, frutas desidratadas, sobremesas, néctares, xaropes, doces, sucos e polpas (Campos et
al., 2020; Sayago-Ayerdi et al., 2021). Esse processamento favorece o consumo de produtos
derivados de frutas durante todo o ano, além de agregar valor aos produtos (Orrego et al., 2014).

Acerola (Malpighia glabra L.), caju (Anacardium occidentale L.) e goiaba (Psidium
guayaba L.) sdo exemplos de frutas tropicais bastante utilizados como matéria-prima para a
producdo de diferentes produtos alimenticios, especialmente a producdo da polpa congelada
(Albuquerqgue et al., 2019; Silva et al., 2014; Sancho et al., 2015). Estas frutas se destacam pelo
elevado teor de nutrientes e compostos bioativos, como vitaminas C e E, carotenoides,
compostos fendlicos e fibra alimentar (Barros et al., 2017; Bataglion et al., 2015; Paz et al.,
2015).

O processamento de frutas gera elevadas quantidades de coprodutos agroindustriais,
constituidos principalmente de cascas, bagago e sementes. Do total de coprodutos gerados por
ano (cerca de 39000 toneladas), 91,7% ¢é oriundo de industrias alimenticias, e,

aproximadamente, 33 toneladas/ano de sementes e 198 toneladas/ano de cascas séo descartados
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pela industria de polpas, doces, néctares e de frutas que s&o minimamente processadas (Andrade
et al., 2015). Esses coprodutos ndo possuem um destino especifico, geralmente sdo destinados
para alimentagéo do gado ou descartados de forma inadequada no meio ambiente, favorecendo
0 acumulo desse material no meio ambiente (Oliveira et al., 2020; Majerska et al., 2019). Essas
matrizes representam mais de 50 % do conteudo da fruta fresca, e recentemente tem recebido
atencdo especial devido a sua composicdo nutricional, apresentando concentragdes
significativas de compostos bioativos (Can-Cauich et al., 2017; Campos et al., 2020; Sagar et
al., 2018).

O tratamento, caracterizacdo e incorporacao de coprodutos agroindustriais em alimentos
permite a reintroducdo dessas matrizes na cadeia alimentar (Figura 1), reduzindo o desperdicio,
sendo considerada como uma nova tendéncia no modelo de economia circular, onde a simbiose
e a cooperagdo entre as inddstrias permitem a possibilidade de aproveitar a0 maximo
coprodutos para gerar produtos novos e seguros de valor agregado (Comunian et al., 2021;
Trigo et al., 2020)

Figura 1. Modelo de economia circular de coprodutos agroindustriais de frutas.
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Fonte: Proprio autor, 2024.

Muitos estudos tém investigado o potencial desses coprodutos de frutas. Deng et al.
(2012) demonstrou relacdo positiva entre 0s compostos fenolicos e capacidade antioxidante da
casca e semente de 50 frutas estudadas (entre elas, goiaba, abacaxi, tangerina, macé, pera e
manga). Os autores concluiram que o conteudo de acidos fendlicos e o poder antioxidante foram

maiores nas cascas e sementes quando comparado com os valores encontrados nas polpas das



21

frutas analisadas. Dentre os compostos bioativos presentes nessas porc¢des da fruta, destacam-
se 0s compostos fenolicos, que sdo compostos aromaticos distribuidos de acordo com sua
estrutura em &cidos fendlicos, estilbenos e flavo-noides (flavanois, flavanonas, flavondis e
antocianinas) (Zheng; Meenu; Xu, 2019). Os beneficios que os compostos fenolicos trazem
para a salde parecem ser parcialmente dependentes da sua conversdo microbiana (Selma et al.,
2009), que pode ocorrer in situ apos lesdo do tecido vegetal, durante o processamento de
alimentos, particularmente durante a fermentacéo, e pela microbiota intestinal humana apés a
ingestdo (Requena et al., 2010). A fracdo fendlica ndo absorvivel permanece disponivel no
cblon junto com outros componentes alimentares e é transformada pela microbiota colénica em
metabdlitos mais ativos e melhor absorvidos (Goncalves et al., 2019, Rocchetti et al., 2019).
Recentemente, outro destino inovador para os residuos gerados no processamento de
frutas tem sido explorado, como o potencial prebidtico (Bussolo de Souza et al., 2019; Gil-
Sanchez et al., 2017). Os prebioticos sdo definidos como substratos utilizados seletivamente
pelos microrganismos do hospedeiro que proporcionam efeitos benéficos a nossa saude,
melhorando o sistema digestivo e imunoldgico por meio do equilibrio da microbiota intestinal.
Algumas fibras dietéticas, especialmente oligossacarideos resistentes  (inulina,
frutooligossacarideos e galactooligossacarideos), sdo bem reconhecidas na literatura como
prebidticos (Gibson et al., 2017). Além das fibras alimentares, estudos recentes tém mostrado
a interacdo entre polifendis e a microbiota intestinal, sugerindo-os como compostos candidatos
a prebioticos (Sanders et al., 2019; Singh et al., 2020). Por essa razéo, a maioria dos coprodutos
de frutas sdo prebioticos promissores, pois sdo fontes de compostos fendlicos, carboidratos
fermentaveis e oligossacarideos (Comunian et al., 2021). Nesse contexto, inimeros estudos tém
buscado reconhecer novos ingredientes com potencial prebiotico dietético (Albuquerque et al.,
2021; Massa et al., 2020). Foram observados efeitos prebidticos do subproduto do caju em
diferentes estirpes potencialmente probidticas de Lactobacillus (Duarte et al., 2017). Batista et
al. (2018) avaliou o efeito da suplementacdo dietética com coprodutos do processamento de
frutas (acerola, caju e goiaba) em ratos wistar dislipidémicos, sendo relatado uma diminuicao
dos niveis de lipidios séricos e aumento da populacdo de bifidobactérias e lactobacilos nas
fezes, além da melhora nos danos no tecido hepatico causados pela dislipidemia. Residuos de
abobora foram utilizados como substrato para cepas de Lactobacillus casei, que serviu para
aumentar o rendimento de biomassa das células bacterianas (Genevois et al., 2016).
Considerando que os coprodutos de frutas se destacam por sua composi¢do quimica,
incluindo fibras alimentares, compostos bioativos e alta atividade antioxidante, seu

aproveitamento torna-se essencial para serem utilizados como ingredientes alimentares
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funcionais ou para aplicacdo na industria farmacéutica que podem atuar prevengdo ou

tratamento de doencas humanas (Albuquerque et al., 2019).

2.1.1 Acerola (Malphigia glabra L.)

A acerola ou aceroleira (Malphigia glabra L.) é uma fruta tropical nativa das ilhas do
Caribe, cultivada em diversas regides, principalmente nas de clima tropical e subtropical,
incluindo o Brasil, que se destaca por ser o maior produtor do mundo dessa fruta, sendo também
o principal consumidor e exportador (Barros et al., 2020; Cruz et al., 2019). O pais possui
plantios de acerola em praticamente todos os estados, destacando-se os estados do Nordeste,
onde a Bahia, Ceara, Paraiba e Pernambuco séo responsaveis por, aproximadamente, 60% da
producéo nacional (Furlaneto; Nasser, 2015). Além do Brasil, a acerola é cultivada no Mexico,
na China e em algumas partes do Sudeste Asiatico e na india (Xu et al., 2020).

A acerola é conhecida por ser uma fruta rica em vitamina C (na faixa de 1.500 a 4.500
mg/100 g) maior que outras frutas citricas como laranja e liméo, além disso, € uma excelente
fonte de outros componentes bioativos, como antocianinas, carotenoides, flavonoides e
compostos fendlicos (Aparicio-Garcia et al., 2020; Ellong et al., 2015; Prakash; Baskaran,
2018; Ribeiro; de Freitas, 2020). Apresenta-se como uma fruta de facil cultivo, carnosa,
variando na sua forma, tamanho e peso, sendo constituida pelo epicarpo (casca externa),
mesocarpo (polpa da fruta) e endocarpo (constituido de trés carocos unidos), que da a fruta
aspecto trilobado (Figura 2A). No interior de cada carogo esta presente a semente, com 3 a 5
mm de comprimento, com forma ovoide e com dois cotilédones (Almeida et al., 2011). Seu
aroma e sua composicao quimica sdo dependentes das condicGes climaticas e do estagio de
maturacdo da fruta (Nogueira, 2002). Comumente utilizada na industria para producdo de
polpas, sucos, geleias, a acerola apresenta grande potencial de utilizacdo na producdo de
suplementos alimentares que melhoram a resposta imune do organismo devido a presenca de
compostos antioxidantes e alto teor de vitamina C (Belwal et al., 2018; Silva et al., 2016). No
Brasil, quase toda a producdo de acerola é processada industrialmente, gerando assim, uma
grande quantidade de residuos ou coprodutos agroindustriais, que representa 20-30% do peso
da fruta fresca (Borges et al., 2021).

Os coprodutos (Figura 2B) originados do processamento da acerola possuem uma cor
avermelhada, constituido principalmente por sementes, cascas e em menor quantidade, mas
ainda sim presente polpa macerada (Realini et al., 2015; Ferreira et al., 2019). Estes coprodutos

apresentam alto valor nutricional, com quantidades consideraveis de compostos bioativos ja
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identificados, com potencial de uso como suplementacdo alimentar (Bortolotti et al., 2013;
Ferreira et al., 2019; Ramadan; Duarte; Barrozo, 2018). A partir disso, existe um interesse
global para utilizagdo desses coprodutos.

Figura 2. A: Acerola (Malphigia glabra L.); B: Coproduto do processamento da acerola.

Fonte: Proprio autor, 2024.

Estudo realizado por Sousa e Vieira (2011) avaliou a capacidade antioxidante de
coprodutos de polpas de frutas, e mostrou que o coproduto de acerola apresentou maior
capacidade antioxidante em comparagdo com 0s demais coprodutos de frutas analisadas. Silva
et al. (2016) relataram um maior teor de antocianinas e flavonoides no coproduto de acerola
quando comparado a polpa do fruto. Foi visto que para cada 100 g de coproduto seco, encontrou
182,2 a 1266,8 mg de acido galico (referente a compostos fenolicos totais - TPC), 134,6 a 182,2
mg de vitamina C e cerca de 63,9 mg de antocianinas (Sancho et al., 2015; Silva et al., 2019).
Recentemente um estudo utilizou o residuo da acerola para producdo de uma farinha com
potencial de uso como fonte de fibra e compostos antioxidantes, para ser utilizada como um
novo ingrediente na inddstria alimenticia (Monteiro et al., 2020). Além disso, o coproduto da
acerola parece ser seletivamente fermentado por cepas probioticas quando comparada a
Escherichia coli e Clostridium perfringens, podendo contribuir para o enriquecimento
alimentar por meio da producdo de folato por cepas de lactobacilos e estreptococos
(Albuquergue et al., 2016; Vieira et al., 2017).

Devido ao seu alto teor de umidade (aproximadamente 80%), o aproveitamento desse
coproduto € complicado, entdo técnicas de secagem podem ser aplicadas a fim de tornar esse
material mais estavel e apto para adicdo como ingrediente em produtos alimenticios (Cruz et
al., 2019; Ramadan; Duarte; Barrozo, 2018; Mekki et al., 2017). Com base nessas informacdes,
e devido ao seu elevado conteido de compostos bioativos (Cruz et al., 2019), o coproduto do
processamento de acerola pode ser um constituinte promissor para o desenvolvimento de novos

alimentos funcionais com efeitos benéficos a satde humana.



24

2.1.2 Caju (Anacardium occidentale L.)

O caju é a fruta do cajueiro (Anacardium occidentale L.), pertencente a familia das
Anacardeéceas, nativa do Brasil, apresenta caracteristicas sensoriais e nutricionais distintas. O
caju € amplamente explorado e comercializado mundialmente, sendo o Brasil, india e Vietna
0s paises que apresentam maior producgdo, com destaque para india, responsavel por cerca de
50% da produc¢do mundial (Prakash et al., 2018).

E considerada como uma das principais frutas comercializadas no Brasil, com destaque
para a regido Nordeste (de Souza Lima et al., 2022). Adaptada ao clima tropical, o caju €
responsavel pela maior parte do agronegdcio da regido nordeste, com producgéo de 217,062
toneladas de castanha e 2 milhGes de toneladas de pseudofruto por ano (Abreu et al., 2013;
Pinho et al., 2011). Seu cultivo esta relacionado principalmente ao valor nutricional da sua
castanha, reconhecido por apresentar um elevado teor de gorduras insaturadas, fibras e minerais
(Carr, 2014).

O caju € uma fruta de alto valor nutricional, encontrada nas cores amarelo, laranja e
vermelho (Figura 3A), com polpa amarelo palido, pesando cerca de 75-80 g, com 6-10 cm de
comprimento (Garruti et al., 2003; Talasila; Shaik, 2015). E formada por duas partes: i) a
castanha, a qual é definida como o verdadeiro fruto, contendo no seu interior a améndoa, sendo
o principal produto de exportacdo; ii) e o pedunculo, que é o seu pseudofruto, com caracteristica
de adstringéncia, sabor forte e exotico, contetdo carnoso e fibroso, sendo considerado bastante
nutritiva, apresenta pele sensivel a danos mecénicos durante o processamento pds-colheita
(manuseio, embalagem e transporte) (Carr, 2014). Por isso, 0s pseudofrutos estdo sujeitos a
tensGes que podem acarretar alteracdes fisiologicas e metabdlicas, gerando amolecimento do
tecido, perda de sabor e cor, exigindo, assim, maiores cuidados, principalmente, com o
transporte (Barreto et al., 2007). O pseudofruto é rico em compostos antioxidantes como
vitaminca C (Rodriguez et al., 2017), carotendides (Abreu et al., 2013), compostos fendlicos
como acido galico, acido elagico, quercetina, miricetina e acido anacardio (Lopes et al., 2018),
esses compostos sdo encontrados tanto na polpa quanto na casca do pseudofruto (Schweiggert
et al., 2016).

Figura 3. A: Caju (Anacardium occidentale L.); B: Coproduto do processamento do caju.
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Fonte: Préprio autor, 2024.

Enquanto a castanha recebe destaque devido ao seu conteido nutricional, o pseudofruto
perde seu valor comercial devido sua elevada perecibilidade. Por esse motivo, a maior parte da
producéo do pseudofruto é destinada para as industrias de processamento de frutas (Duarte et
al., 2017; Prakash et al., 2018). A industria utiliza o caju como matéria-prima para a fabricacédo
de diversos produtos alimenticios, sendo o pedunculo do caju utilizado para a producdo de
sucos, doces, refrigerante, néctar e polpa congelada (Andrade et al., 2015; Fonteles et al., 2017).

Cerca de 1,8 milhdes de toneladas de caju sdo processadas anualmente para obter a
castanha e mais de 80% dos pedunculos (pseudofruto) sédo descartados ap0s a remocao da
améndoa (Albuguerque et al., 2015; Talasila; Shaik, 2015). De toda a producéo desse fruto
apenas 5% da producdo do pedunculo € explorada comercialmente, o restante é desperdicado
(Talasila; Shaik, 2015). Assim sendo, o processamento do pedunculo contribui para o aumento
da vida de prateleira, além de facilitar o transporte e agregar valor ao produto (Duarte et al.,
2017; Prakash et al., 2018). Sendo o suco, o principal produto derivado do peddnculo do caju,
0 qual é obtido pelo processo mecanico utilizando prensa extratora (Fonteles et al., 2017;
Queiroz et al., 2011).

Apesar do processamento contribuir para uso do pedinculo como forma de
aproveitamento, os produtos industrializados derivados favorecem a geracdo de uma grande
quantidade de coprodutos agroindustriais (Andrade et al., 2015). O material obtido apds o
processamento do pedunculo do fruto possui aspecto fibroso e denso (Figura 3B), de coloracédo
amarelada, constituido pela casca e partes da polpa, que representa cerca de 70% do peso total
do fruto (Sawadogo et al., 2018).

Um estudo realizou a quantificacdo de antocioninas, compostos fendlicos, vitamina C,
acidos graxos insaturados, manganés e fosforo em diversos coprodutos de frutas. Nesse estudo,
0 caju se caracterizou como boa fonte de manganés e de acido graxos insaturados (Sancho et

al., 2015). Duarte et al. (2017) avaliaram os efeitos prebidticos do coproduto do pedunculo de
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caju sob cepas probioticas, resultando em uma intensa atividade metabdlica bacteriana,
podendo ser utilizado como um ingrediente de valor na indUstria alimenticia. Foi observado que
ap6s o processo a digestdo, o coproduto de caju aumentou significativamente grupos
bacterianos da microbiota humana, além de aumentar a producdo de acidos graxos de cadeia
curta (AGCC) e diminuir o pH em meios de fermentacdo coldnica, indicando assim,
propriedades prebidticas, que foram associados ao conteudo de fibras e a presenca de uma
grande variedade de compostos fendlicos no coproduto de caju (Menezes et al., 2021b). Assim,
0s coprodutos do caju podem constituir uma matéria-prima rica em compostos antioxidantes
para ser utilizada pela industria de producéo de alimentos, reduzindo a grande quantidade de
residuos agroindustriais gerados atualmente no Brasil que normalmente séo descartados no

meio ambiente ou utilizados como alimentagéo animal.

2.1.3 Goiaba (Psidium guajava L.)

A goiaba (Psidium guajava L.) é uma fruta tropical pertencente a familia Myrtaceae,
amplamente consumida devido ao seu sabor doce, composicdo nutricional e propriedades
terapéuticas (Silva et al., 2021). A goiaba é naturalmente enriquecida de varios compostos
bioativos, incluindo a vitamina C, fenolicos totais, carotenoides, fibras alimentares e minerais,
0 que poderia classificar a goiaba como uma superfruta. (Kumar et al., 2022; Sahu et al., 2020).

A producéo global de goiaba foi de aproximadamente 55,85 milhdes de toneladas no
ano de 2019 (Kumar et al., 2022). Varios paises sdo produtores dessa fruta devido a grande
variedade de espécies (324 espécies de goiaba), o Brasil apresenta uma producdo de 424.305
toneladas de goiaba por ano, é considerado o terceiro maior produtor e exportador dessa fruta,
seguido do Paquistdo e india (Lima et al., 2019; Triechel, 2016). Sua producdo em territorio
brasileiro representa, aproximadamente, 280 mil toneladas, concentradas nos meses de
fevereiro a marco, embora sua comercializacdo da fruta ocorra o ano inteiro (Zanatta; Zotarelli;
Clemente, 2006).

A goiabeira é uma planta de pequeno porte, que pode atingir de 3 a 6 metros de altura.
A fruta apresenta forma arredondada ou baga globosa (Figura 4A), ovoide ou piriforme, de 4 a
12 cm de comprimento, apresenta sabor levemente doce e aroma suave, variando a cor da polpa
de acordo com a espécie, sendo que a goiaba com a polpa de cor vermelha apresenta melhores
aspectos nutricionais (Lima et al., 2019). Apresenta em sua composi¢do nutrientes como,
vitamina C e vitamina E, sendo rica em zinco e niacina. Ainda, apresenta elevados teores de

selénio, cobre, fosforo, magnésio, calcio, ferro, acido folico e vitaminas A, B1, B2 e B6,
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compostos fendlicos e fibras dietéticas (Uchda-Thomaz et al., 2014; Ling; Chang, 2017).
Estudos detectaram elevados niveis de licopeno na goiaba de polpa vermelha e teores
significativos de &cido ascorbico e fibras na goiaba de polpa branca (Kong et al., 2010; Lima
etal., 2019).

O consumo in natura € baixo, cerca de 70 % da sua producéo de goiaba € destinada para
industria para produ¢do de sucos, néctares, polpa, xaropes e geleia (Del’arco; Sylos, 2018;
Narvaez-Cuenca et al., 2020). O processamento em larga escala da goiaba em varios produtos
gera uma grande quantidade de coprodutos, criando o problema de descarte de residuos. Em
particular, o processamento de uma tonelada métrica de frutos de goiaba produz
aproximadamente 80 kg de residuos (Ling; Chang, 2017). Estima-se que 30% do volume total
de goiabas processadas seja perdido na forma de coprodutos (restos de polpa, sementes e casca).
Um total de cerca de 70 mil toneladas de coprodutos agroindustriais sdo produzidos, um
material rico em compostos bioativos que na maioria das vezes sdo descartados (Triechel,
2016).

Figura 4. A: Goiaba (Psidium guajava L.); B: Coproduto do processamento da goiaba.

Fonte: Proprio autor, 2024.

As goiabas também sdo amplamente pesquisadas como fonte para a extracdo de
compostos fendlicos. Algumas delas estdo sendo consideradas “superfrutas”, que ¢ um novo
termo aplicado a frutas exoticas que contém altos niveis de compostos antioxidantes, como
fendlicos, carotenoides, acido ascorbico, entre outros (Chang et al., 2018). Além disso, como
ja afirmado por varios autores, os coprodutos das superfrutas sdo uma fonte potencial para a
producédo de ingredientes em p6 a serem utilizados na formulacdo de alimentos funcionais de

valor agregado (Chang et al., 2018; Peixoto et al., 2016). Estudo realizado por Sancho et al.



28

(2015) mostrou que o coproduto de goiaba apresentou boas quantidades de antocianinas,
principalmente, quando comparados a porcéo comestivel da fruta.

Lim et al. (2018), diz que devido as altas quantidades de coprodutos gerados do
processamento de frutas, é necessario encontrar formas de utilizacdo desses materiais, extraindo
compostos Uteis para aplicacdo em novos produtos, podendo, dessa forma, reduzir os impactos
indesejaveis relativos a poluicdo ambiental causada pelo setor agroindustrial. Com base nessas
informacdes, estudos que explorem a utilizacdo desses coprodutos sdo necessarios para avaliar

0 potencial de uso como matriz para a obtencdo de novos produtos de interesse da indUstria.

2.2 MICROBIOTA INTESTINAL, PROBIOTICOS E PREBIOTICOS

A microbiota intestinal humana é constituida por um ecossistema complexo e dinamico,
formado por milhGes de microrganismos que desempenham fun¢es metabdlicas, imunoldgicas
e protetoras (Larsen; Claassen, 2018; Peredo-Lovillo et al., 2020). Nos Gltimos anos, o interesse
pela microbiota intestinal cresceu devido ao seu papel fundamental no estabelecimento e
manutencdo da saude humana (Hou et al., 2020; Guo et al., 2022; Segal et al., 2019). Varios
fatores internos e externos podem modular a composicdo da microbiota intestinal, como
genética, fisiologia do hospedeiro e fatores ambientais (alimentacéo, estilo de vida, uso de
produtos farmacéuticos) desde a primeira infancia até a idade adulta (Jin et al., 2017; Lozupone
et al., 2012). Nesse contexto, suplementos dietéticos, incluindo probidticos, prebioticos ou
simbidticos (juncao de probidticos e prebioticos) podem ser utilizados para promover melhorias
na saude intestinal (Coman; Vodnar, 2020). Atualmente, as bactérias acido laticas (BAL) sao
utilizadas como alimento de fermentacdo ou probidticos em po, a fim de modular a imunidade
e consequentemente a salde do hospedeiro (Daba; Elkhateeb, 2020; Wang et al., 2015; Wang
et al., 2020).

As bactérias acido laticas (BAL) sdo bactérias gram-positivas e ndo formadoras de
esporos, pertencentes principalmente aos géneros Lactobacillus, Lactococcus, Bifidobacterium,
Enterococcus, Leuconostoc, Pediococcus e Streptococcus (Romero-Luna et al., 2022). Essas
bactérias produzem principalmente &cido latico pela fermentacdo de carboidratos simples
(frutose, glicose e maltose), multiplicam-se em temperaturas que variam de 5 a 45 °C, com
condi¢cdes de pH entre 5,5 e 6,5 e sdo anaerdbias ou anaerdbias facultativas, amplamente
utilizadas como culturas iniciadoras e como probidticos (Bangar et al., 2022; Hirasawa; Kurita-
Ochiai, 2020; Saarela et al., 2009). Os probioticos sdo definidos como “microrganismos vivos

que, quando administrados em quantidades adequadas, conferem beneficios a saude do
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hospedeiro” (WHO/FAQ, 2002). Sendo esse conceito o mais adotado e aceito mundialmente
(Health Canada, 2009; Hill et al., 2014). Com a revisao do conceito, os especialistas definiram
implicacOes regulatdrias para a utilizacdo do termo probiotico, classificando quanto a sua
utilizagdo, como: culturas vivas ou ativas presentes em produtos alimenticios, probioticos em
alimentos ou suplementos com alegacao de satde e medicamento probidtico com uso especifico
para o tratamento da saude (Quigley, 2019).

Entre os principais beneficios das culturas probidticas se destacam a homeostase da
microbiota intestinal, diminuicdo da populacdo de patégenos, promocao da digestdo da lactose
em individuos intolerantes a lactose, alivio da constipacdo, efeito antidiabético, antidepressivo,
melhora da absorcdo de minerais e producdo de vitaminas (Finamore et al., 2019; Gayathri;
Rashmi, 2017; Meng et al., 2020; Miri et al., 2022; Nikbakht et al., 2018; Saad et al., 2012;
Zhao, et al., 2021). Alguns estudos (Li et al., 2014; Sadrzadeh-Yeganeh et al., 2010; Zhang et
al., 2017) confirmam que a administracdo de cepas probidticas pode modular o metabolismo
lipidico, e também exercer acdo hipolipemiante, podendo ser utilizado no controle dos
desequilibrios decorrentes da obesidade (Zhang et al., 2017).

Para gerar beneficios a salde do hospedeiro, os probidticos devem manter a alta
viabilidade durante o processamento, armazenamento e serem capazes de sobreviver a
passagem através do estdbmago a fim de se proliferar no intestino (Vandenplas, Huys, Daube,
2015). O conceito da FAO/WHO (2002) nédo estabelece exatamente uma quantidade adequada
de microrganismos probidticos que possa gerar beneficios para a saude do hospedeiro. A
legislacdo brasileira afirma que as alegacGes de salde reivindicadas para determinada cepa
deverdo ser comprovadas caso a caso com estudos que claramente confirmem que determinada
dose viavel de células quando ingerida ird fornecer os efeitos alegados (Brasil, 2016). Apesar
disso, autores sugerem quantidades minimas de 10° - 10’ de UFC por grama ou mililitro de
células vidveis do microrganismo probidtico em produtos alimenticios para que possam

proporcionar benéficos a salde (Gebara et al., 2015).

2.2.1 Obtencéo industrial de cepas probioticas

A exploracdo industrial da BAL como cultura inicial depende de suas tecnologias de
concentracdo e preservacdo, que podem garantir a entrega de culturas estaveis em termos de
viabilidade e atividade funcional (Yousseef et al., 2016). Varios fatores podem influenciar na
viabilidade das cepas bacterianas probioticas (Figura 5), como espécie, populagdo inicial de

microrganismos, condigcdes de fermentacdo, adicdo de agentes protetores, meio liofilizado,
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parametros de secagem, condicOes de reidratagdo, armazenamento e passagem pelo trato
gastrointestinal (Chen et al., 2015; Fonseca et al., 2019; Lu et al., 2017; Razavi et al., 2021;
Santos et al., 2014; Strasser et al., 2009; Wang et al., 2021).

Figura 5. Fatores que podem influenciar na viabilidade das cepas probidticas.

VIABILIDADE DA CEPA
PROBIOTICA

Espécie da cepa Condicoes de armazenamento
Meio de cultivo Umidade e Aa
Adicao de agentes protetores Exposicao a luz e oxigénio
Tipo de desidratacao Meio de reidratacao
(liofilizacao, spray-drying)

Fonte: Proprio autor, 2024.

Atualmente, o caldo MRS é o meio de cultivo de cepas probidticas mais utilizado, porém
seu custo ndo é compativel com aplicacdes em larga escala (Cejas et al., 2017). A escolha do
meio de crescimento exerce grande influéncia sob a quantidade de biomassa bacteriana
produzida, para aplicacGes probioticas lacteas, as cepas geralmente sdo cultivadas em meios a
base de leites suplementados com diversos ingredientes, como extrato de levedura, extrato de
malte e hidrolisados de caseina e leite (Gomes et al., 1998; Avonts et al., 2004; Burns, et al.,
2008). Ja para aplicacdes ndo lacteas, o meio deve apresentar componentes que ndo Sao
derivados de animais, como extrato de levedura e peptonas de vegetais (Heenan et al., 2002;
Matto et al., 2006). Essa fermentacdo que antecede a desidratacdo pode afetar
significativamente a viabilidade desses microrganismos, tanto positivamente como
negativamente. Os principais parametros a serem observados durante a fermentacdo sdo: a
composicdo do meio, as fases de crescimento dos microrganismos e avaliacdo dos parametros
metabolicos (pH) (Carvalho et al., 2004; Dimitrellou et al., 2016; Saarela et al., 2005; Meng et
al., 2008). Entdo, quando se propGe um novo meio de cultivo é necessario estudar toda sua
composicao para entender melhor a relagdo entre o processo de fermentagéo e a sobrevivéncia

celular durante os processos de desidratagéo.
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A liofilizacdo é um dos métodos de preservacdo mais utilizados pela industria de
alimentos para o armazenamento a longo prazo de amostras bioldgicas, considerada como um
dos métodos mais adequadas para produzir culturas iniciadoras concentradas (Heidebach et al.,
2010; Wang et al., 2021). Seu método consiste na remocao da &gua, onde a amostra é congelada
(formacdo de cristais de gelo) e em seguida, a sublimag&o (sob alto vacuo) do gelo associada a
baixa pressdo (Fonseca et al., 2015; Chen et al., 2023). Todo 0 processo consiste em trés etapas:
congelamento, desidratacdo primaria (sublimacdo) e desidratacdo secundaria (dessorcdo).
Durante o congelamento, cristais de gelo extracelulares sdo formados, que podem levar a danos
nas células bacterianas, e a concentracao de solutos na dgua restante descongelada pode resultar
em lesdes quimicas e osmoticas (Cassani; Gomez-Zavaglia; Simal-Gandara, 2020; Cui et al.,
2018). A remocdo de agua que ocorre durante o processo gera danos na estrutura das proteinas
da parede celular e no estado fisico das membranas lipidicas (Tymczyszyn et al., 2007). Esse
tipo de preservacdo pode causar alteracbes estruturais, que, por sua vez podem afetar a
integridade bacteriana resultando em uma diminuicéo da viabilidade bacteriana (Tymczyszyn
et al., 2008). Apesar disso, a liofilizacdo é uma técnica de desidratacdo superior quando
comparada com as demais existentes, sendo considerado o método que causa menor dano na
célula bacteriana, por isso, € 0 mais empregado pela industria biotecnoldgica.

Uma das formas eficazes de aumentar as taxas de sobrevivéncia de microrganismos
durante a liofilizacdo é a adicdo de agentes protetores ao meio (principalmente antes do
congelamento) (Wang et al., 2021). Esses agentes atuam na substituicdo da dgua que esta no
interior das células da bactéria, estabilizando os lipideos e proteinas da membrana celular,
favorecendo a manutencgéo da integridade funcional das células desidratadas (Leslie et al., 1995;
Schwab et al., 2007; Strasser et al., 2009). Uma variedade de agentes protetores tem sido usada
para reduzir os efeitos danosos por liofilizacdo, como leite desnatado, glicerol, sorbitol,
trealose, sacarose, maltose, lactose, frutose, glicose, betaina e aminoacidos (Bosnea et al., 2009,
Carvalho et al., 2004, Chotiko; Sathivel, 2014, Dimitrellou et al., 2016; Tymczyszyn et al.,
2011). Estas substancias podem minimizar as mudancas no estado fisico dos lipidios de
membrana ou diminuir as mudangas na estrutura da proteina sensivel dos sistemas bioldgicos
apos a liofilizacdo, melhorando assim a viabilidade celular na liofilizacdo (Hubalek, 2003).

Acucares, como 0s galacto-oligossacarideos (GOS) e lactulose demonstraram boas
propriedades protetoras durante os processos de desidratacdo (Tymczyszyn et al., 2011;
Tymczyszyn et al., 2012). Shu et al. (2012) relataram efeito protetor de fruto-oligossacarideos
(FOS), isomalto-oligossacarideos, inulina e xiloxigossacarideos em B. bifidum liofilizado. FOS

também se mostrou com efeito protetor sobre L. acidophillus e Lactococcus cremoris durante
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a liofilizagéo, secagem por pulverizagdo e posterior armazenamento (Dianawati; Mishra; Shah,
2013). Além de carboidratos bem conhecidos como a sacarose e trealose usados durante a
desidratacdo e armazenamento, outros carboidratos também demonstraram um papel protetor,
como compostos prebidticos, é o caso das fibras que foram relatados recentemente como
compostos protetores eficazes (Romano et al., 2015; Romano et al., 2016; Santos et al., 2014).
O subproduto da soja denominado de okara, demostrou ser uma matriz inovadora capaz de
estabilizar o Lactobacillus plantarum durante o processo de desidratacdo, sendo considerado
um ingrediente com promissoras aplicacGes na industria (Quintana et al., 2017). O broto de
malte, subproduto subutilizado da cerveja, gerado pela industria do malte foi utilizado como
meio de cultivo, desidratagcdo e armazenamento de trés linhagens de Lactobacillus, visto como
uma matriz inovadora para a producdo de lactobacillus em larga escala (Cejas et al., 2017).
Também foi verificado que coprodutos de frutas (acerola, caju e goiaba) foram utilizados como
agentes de protecdo durante a liofilizacdo e posteriormente o armazenamento (Araujo et al.,
2020). O efeito protetor desses compostos utilizados nos estudos descritos acima durante a
liofilizag&o ¢é atribuido as interacdes diretas com proteinas e membranas.

O controle das condi¢des de armazenamento € outro fator de grande importancia para
manter a viabilidade bacteriana, para isso alguns parametros devem ser monitorados a longo
prazo, como a temperatura de armazenamento, teor de umidade, atividade de agua (Aa) e
exposicdo a luz e oxigénio (Broeckx et al., 2016). A temperatura de armazenamento tem efeito
direto na viabilidade das cepas bacterianas, assim, quanto menor temperatura de
armazenamento maior € a viabilidade do probidtico (Savini et al., 2010). Foi relatado que baixas
temperaturas (1-4 °C) preservaram a viabilidade dos probidticos, reduzindo a oxidacéo lipidica
(Nunes et al., 2018; Reyes et al., 2018). Uma estratégia que pode ser aplicada para garantir uma
melhor viabilidade dos probidticos durante o armazenamento a longo prazo, é o controle do
teor de umidade e Aa das matrizes, evitando crescimento de microrganismos e reacdes quimicas
indesejaveis, permitindo uma maior recuperacéo bacteriana durante o armazenamento (Cassani;
Gomez-Zavaglia; Simal-Gandara, 2020; Dinkci; Akdeniz; Akalin, 2019).

A presenca de oxigénio também é relatada como um fator de impacto negativo a
sobrevivéncia dos microrganismos durante o armazenamento, processos oxidativos podem
ocorrer, provocando alteracbes nas membranas lipidicas que vao afetar diretamente a
permeabilidade da membrana das células (Muller et al., 2009). Além disso, compostos
provenientes da peroxidacao lipidica podem afetar de modo direto 0 DNA, sendo considerados
compostos toxicos para 0os microrganismos (Kurtmann et al., 2009). Para prevenir o dano

oxidativo que possa ocorrer é necessario recorrer algumas estratégias, como a reducdo do teor
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de oxigénio para 0 mais baixo possivel, adicdo de compostos antioxidantes e a selecdo de
embalagens adequadas, onde uma embalagem adequada pode evitar tanto a exposicdo ao
oxigénio e como a exposicao a luz (Cassani; Gomez-Zavaglia; Simal-Gandara, 2020).

Outro fator relevante é o processo de reidratacdo das cepas, que independente da
desidratacdo empregada, 0s microrganismos precisam ser reidratados para se obter células
ativas antes de serem incorporados aos produtos alimenticios, por isso, essa etapa é fundamental
no processo, afim de recuperar a fungdo normal das células microbianas apds a desidratacdo
(Cassani; Gomez-Zavaglia; Simal-Gandara, 2020). Esse processo consiste em quatro etapas:
molhagem, submersdo, dispersao e dissolucdo, sendo a molhagem do p6é um ponto critico de
controle (Muller et al., 2009). Para evitar perdas de viabilidade nesse processo, alguns
parametros podem ser analisados, como a composicdo do meio de reidratagdo (pH,
osmolaridade e fonte nutricional) e condi¢cdes como temperatura, velocidade, volume e tempo
(Broeckx et al., 2016). Foi relatado que o aumento da temperatura de hidratacdo melhorou a
recuperacgdo bacteriana (Huang et al., 2017), porém isso pode mudar de acordo com o tipo de
desidratacdo como também pela espécie dos microrganismos.

O objetivo dos microrganismos probidticos é o intestino, sendo a ingestdo oral a
principal via de administracdo, os microrganismos devem sobreviver ao pH &cido do estdmago
e a presenca de sucos digestivo (enzimas digestivas), essas etapas representam um desafio para
as bactérias alcancar o intestino e exercer assim seu objetivo, colonizar e trazer beneficios a
salude de quem consome (Palanivelu et al., 2022). Entretanto, algumas bactérias benéficas
perdem a viabilidade quando expostas as condi¢des gastrointestinais, revelando elevada
susceptibilidade a essas condicGes (Razavi et al., 2021). Estratégias podem ser adotadas para
melhorar a sobrevivéncia em condicGes adversas, como a selecdo de cepas probidticas
naturalmente resistentes a esses ambientes, incorporacao de micronutrientes no meio de cultivo,
microencapsulacdo (Dowarah et al., 2018; Martin et al., 2015; Santos et al., 2019; Sampaio et
al., 2021). Estudos tem avaliado a associacdo de probi6ticos com matrizes consideradas
prebidticas com o intuito de aumentar a sobrevivéncia desses microrganismos quando expostos
a condigdes estressantes, incluindo o processamento tecnoldgico e a passagem pelo TGI (Cejas
et al., 2017; Guergoletto et al., 2009; Martins et al., 2019; Romano et al., 2016).

Gibson et al. (2017) define o termo prebidtico como, substrato utilizado seletivamente
por micro-organismos que confere beneficios a saide. Esse substrato tem fungdo de melhorar
a microbiota intestinal, regulando a imunidade, afetando positivamente o metabolismo e
aumentando a absorcdo de minerais (Joshi et al., 2018). Existe varios tipos de prebioticos,

porém a maioria € um subconjunto de carboidratos, principalmente oligossacarideos, como
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frutanos (inulina e fruto-oligossacarideo ou oligofrutose), galacto-oligossacarideos,
oligossacarideos derivados de amido e glicose (amido resistente) e oligossacarideo péctico
(pectina) (Davani-Davari et al., 2019).

Compostos prebidticos ndo sdo hidrolisados na parte superior do trato gastrointestinal,
chegando ao intestino quase intactos, onde sdo fermentados pela microbiota intestinal benéfica,
aumentando seletivamente seu crescimento e/ou atividade (Gibson et al., 2010). Borgues et al.
(2016) constatou uma melhor viabilidade bacteriana da cepa Lactobacillus plantarum299v na
banana em pé em comparacdo com as outras duas frutas secas (morango e maca), sendo esse
efeito protetor da banana atribuido a sua estrutura, rica em fibras, que pode te proporcionado
uma maior protecdo bacteriana durante o processamento. A incorporacao desses compostos em
formulagdes probioticas representa uma estratégia interessante para garantir a chegada segura
dos microrganismos probidticos ao intestino humano, proporcionando também beneficios
advindos da ingestdo de prebidticos. Essa funcdo desses novos ingredientes alimenticios abre
caminhos inovadores para o desenvolvimento de alimentos funcionais combinando vantagens
tecnoldgicas e fisiologicas. Ou seja, combinam a capacidade protetora durante os processos de
desidratacdo (vantagem tecnologica) e seus beneficios a saude associados ao seu efeito
prebidtico (vantagem fisiologica).

Abordagens inovadoras que valorizam coprodutos obtidos em grandes quantidades
pelas industrias alimenticias tém sido propostas como estratégias inteligentes para estabilizar
microrganismos probioticos de maneira econdmica e resolver problemas de residuos industriais
(Quintana et al., 2017; Pereira; Rodrigues, 2018). Diante do exposto, o0 desenvolvimento desse
estudo pode gerar contribuicdes cientificas, tecnoldgicas e socioeconémicas por abordar uma
tematica promissora e ainda pouco explorada, que pode gerar um novo produto como meio de
cultivo de cepas probioticas, melhorando sua estabilidade frente aos processos de desidratacéo,
armazenamento e exposicdo ao trato gastrointestinal, como também atuar na modulagéo

benéfica da microbiota intestinal.
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3 MATERIAL E METODOS

3.1 LOCAL DE EXECUCAO DA PESQUISA E DELINEAMENTO EXPERIMENTAL

Os experimentos foram realizados no Laboratério de Microbiologia e Bioquimica de
Alimentos (LMBA) e no Laboratério de Bromatologia (LABROM) do Departamento de
Nutricdo, da Universidade Federal da Paraiba (DN/UFPB); no Laboratério Multiusuario de
Caracterizacdo e Andlises do Instituto de Pesquisa em Farmacos e Medicamentos, da
Universidade Federal da Paraiba (LMCA/IPeFarM/UFPB); no Laboratorio de Controle de
Qualidade Fisico-Quimico, do Departamento de Ciéncias Farmacéuticas, da Universidade
Federal da Paraiba (LCQFC/DCF/UFPB), Campus I, Jodo Pessoa — PB, Brasil; e no Laboratorio
Experimental de Alimentos (LEA), do Departamento de Tecnologia de Alimentos, do Instituto
Federal do Sertdo Pernambucano, Petrolina — PE, Brasil.

Esse estudo foi dividido em duas etapas. Na primeira etapa foi avaliado o potencial dos
coprodutos de acerola, caju e goiaba como meio de cultivo de cepas de Lactobacillus, bem
como o efeito crioprotetor dos coprodutos de frutas na culturabilidade das cepas probioticas
apos a liofilizacdo, durante armazenamento refrigerado e digestdo simulada in vitro (Figura 6).
Na segunda etapa do experimento foram avaliados os efeitos na abundancia relativa de
diferentes populacbes bacterianas intestinais, producdo de metabdlitos microbianos e

capacidade antioxidante durante fermentacéo fecal in vitro (Figura 7).

Figura 6. Delineamento experimental da primeira etapa do estudo.
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Fonte: Préprio autor, 2024. CF, citometria de fluxo.

Figura 7. Delineamento experimental da segunda etapa do estudo.

(acerola, caju & goiaba)

COPRODUTOS DE FRUTAS LIOFILIZADOS
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+
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Suspensies:

- GL10: Goiaba + L. paracasei L-10

- AT10: Acercla + L. paracasei L-10
- ALAS: Acerola + L. acidophillus LA-03
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- GLAS: Goiaba + L. acidophillus TA-03 l l l l
Quantificacio pH, agticares e Identificacio Capacidade
das populagdes acidos orgdnicos de metabélitos Antioxidante
bacterianas por (BMIN)
FISH-FC

Fonte: Proprio autor, 2024.

3.2 OBTENGCAO E PREPARACAO DOS COPRODUTOS DE FRUTAS

Os coprodutos de acerola (Malpighia glabra L.), caju (Anacardium occidentale L.) e
goiaba (Psidium guajava L.) foram obtidos de empresas de processamento de frutas localizadas
na cidade Jodo Pessoa/PB. O processamento dos frutos seguiu os padrdes e normas
estabelecidos pelas empresas, gerando ao final do processo produtivo, um material denso e
Umido, constituido principalmente de cascas, sementes, bagaco, e pequenas partes da polpa
macerada. As amostras foram coletadas de varios lotes do processamento, totalizando,
aproximadamente, 6 Kg de cada fruta, as quais foram colocadas assepticamente em sacos
estéreis, e transportadas em caixas isotérmicas com gelo até o laboratorio de Microbiologia e
Bioquimica de Alimentos da Universidade Federal da Paraiba, Campus | — Jodo Pessoa/PB, e
posteriormente foram congelados (- 18 + 2 °C). Em seguida, foram submetidos a liofilizacdo a
uma temperatura de -55 £2 °C, com pressdo de vacuo <138 uHG, velocidade de liofilizagdo 1
mm/h, por aproximadamente 12 h, utilizando um liofilizador de bancada (marca LIOTOP,
modelo L-101, Sao Carlos-SP, Brasil).



37

O material liofilizado foi triturado usando um liquidificador doméstico (PH900,
Philco®, S&o Paulo, SP, Brasil), em baixa velocidade por 10 min e peneirado através de uma
malha fina para obter um p6 com um tamanho médio de particula <1,0 mm. O po liofilizado
(Figura 8) foi armazenado em refrigerador (BRM45, Brastemp®, S&o Paulo, SP, Brasil) a 4 +
0,5 °C, em sacos de polipropileno laminados comercialmente esterilizados até a realizacdo das

analises, que foram feitas em triplicata em trés experimentos independentes.

Figura 8. Coprodutos de frutas liofilizados de acerola (A), caju (B) e goiaba (C),

respectivamente.

Fonte: Préprio autor, 2024.

3.3 CARACTERIZAGCAO DOS COPRODUTOS DE FRUTAS LIOFILIZADOS

3.3.1 Atividade de agua e composicado centesimal

As caracteristicas fisico-quimicas dos coprodutos liofilizados de acerola, caju e goiaba
seguiram os procedimentos descritos pela AOAC (2019). A atividade de agua foi medida com
um instrumento Aqualab (Novasina, Aqualab®, Série Modelo 3TE, EUA). O teor de umidade
foi determinado por secagem em estufa estabilizada a 105 °C até obtencdo de massa
constante; o teor de cinzas (residuo mineral fixo — RMF) foi quantificado por carbonizacéo
seguida de incineracdo em forno mufla (Jung®, modelo 0612, Blumenau, SC, Brasil)
estabilizado a 550 °C. O teor de proteina foi determinado pelo método Kjeldahl, usando fator
de 5,75 para converter nitrogénio em proteina. O contetdo lipidico foi determinado utilizando
0 método Folch, Lees e Stanley (1957).
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3.4 ENSAIOS DA UTILIZACAO DOS COPRODUTOS COMO MEIO DE CULTIVO

3.4.1 Microrganismos, preparacdo dos meios de cultivo, condi¢bes e cinética de
crescimento

Foram testadas duas cepas probidticas, Lactobacillus acidophillus LA-05 e
Lacticaseibacillus paracasei L-10 (Araujo et al., 2020; Duarte et al., 2017) obtidas da Cole¢édo
de Microrganismos da Escola Superior de Biotecnologia, Universidade Catélica do Porto
(Porto, Portugal). Para a preparacdo do in6culo, cada cepa foi primeiramente cultivada
anaerobicamente (Anaerogen System Anaerogen, Oxoid, Wade Road, Basingstoke, Reino
Unido) em caldo de Man, Rogosa and Sharpe (MRS) a 37 + 1 °C por 24 h, seguido de novo
cultivo nas mesmas condigdes, até atingir a fase estacionaria de crescimento (20 h — 24 h),
conforme estudo anterior (Araujo et al., 2020). Essas suspensfes continham contagens de
celulas viaveis de, aproximadamente, 10 log UFC/mL (com leitura da densidade dptica (OD) a
625 nm (OD625) correspondendo a 1,5).

Os coprodutos liofilizados foram suspensos individualmente em agua (5%, p/v)
(Quintana et al., 2017), homogeneizados em Turratec (Tecnal, modelo TE-102, Piracicaba, Séo
Paulo, Brasil) e autoclavados (Phoenix Luferco, AV 300, Araraquara, Sao Paulo, Brasil) por 15
min a 121 °C. Posteriormente, foram entdo utilizadas como meio de cultivo, a citar: CACE
(acerola), CCAJ (caju) e CGOI (goiaba).

As cepas probioticas foram inoculadas individualmente em 100 mL de cada meio de
cultivo descrito anteriormente em concentracdo de 2% (v/v), seguido de incubagdo a 37 =1 °C
sob agitacdo (200 rpm). O caldo MRS (HiMedia, Mumbai, india) foi utilizado como controle,
empregando-se as mesmas condi¢bes. O crescimento das cepas foi avaliado através da
determinacdo da contagem de células viaveis e da afericdo do pH (AOAC, 2019). Para a
determinacdo da contagem de células viaveis, foram retiradas aliquotas de 100 pL de cada meio
de cultivo contendo as cepas testes individualmente em diferentes intervalos de tempo (0, 6, 12,
20 e 24 horas) e foram realizadas dilui¢Ges seriadas (1:9, 10 a 10°), utilizando soluc&o salina
esterilizada (NaCl 8.5 g/L), com posterior inoculacdo em agar MRS (HiMedia) e incubacéo a
37 °C por 48 h em anaerobiose (Anaerobic System Anaerogen). Os resultados foram expressos
em log unidades formadoras de colénias por mL (UFC/mL).

Para determinacdo do tempo de fase lag e da taxa de acidificacdo, os resultados de
contagem de células viaveis e pH obtidos foram ajustados de acordo com a Equacdo 1 (Romano
et al., 2016):
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pH, — pH
pH(t) = —tpf‘H?Hf (1)

c
Onde t é o tempo em horas, pHo € 0 pH do meio de cultivo no tempo igual a 0, pHs é o pH

uma vez atingida a fase estacionéria, ¢ é o tempo correspondente ao ponto de inflexdo e p é um
fator de ajuste exponencial. A fase lag foi calculada como a intersecdo entre a linha tangente
em t=c e pHo. A taxa de acidificacdo durante a fase exponencial foi calculada como o médulo

da inclinagéo da linha tangente.
3.4.2 Avaliacao da atividade metabdlica bacteriana durante fermentacao

A atividade metabdlica das cepas foi avaliada a partir da determinacdo dos teores de
acucares e acidos organicos nos meios de cultivo em diferentes intervalos de fermentacéo [0
(imediatamente apds a homogeneizacdo), 12 e 20 h]. Ja os teores de fibra solGvel e insoluvel,
compostos fenolicos, determinacéo de atividade antioxidante e perfil metabolico global foram
determinados nos intervalos de 0 (imediatamente ap0s a homogeneizacdo) e 20 h de

fermentacao.
3.4.2.1 Determinacgdo dos agUcares, acidos organicos e compostos fendlicos

Os teores de acucares, acidos organicos e compostos fendlicos foram determinados
através de cromatografia liquida de alta eficiéncia usando cromatografo liquido (modelo 1260
Infinity LC, Agilent Technologies, St. Clara, CA, EUA) equipado com uma bomba de solvente
quaternario (modelo G1311C), desgaseificador, compartimento de coluna termostatica (modelo
G1316A) e amostrador automatico (modelo G1329B) acoplado a um detector de matriz de
diodos (DAD) (G1315D modelo) e detector de indice de refracdo (RID) (modelo G1362A).

Para determinacdo de acUcares e 4cidos organicos, incialmente aliquotas de 2 mL dos
diferentes meios de fermentacdo foram centrifugadas (4.000 x g, 15 min, 4 °C, centrifuga
MPW-351R, MPW, Varsdvia, Pol6nia) e os sobrenadantes foram filtrados com filtro de 0,45
um (Millex Millipore, Barueri, SP, Brazil). Foram utilizadas condi¢des analiticas previamente
descritas por Menezes et al. (2021a). Os resultados foram expressos em gramas de actcares ou
de &cidos organicos por litro de meio de cultivo (g/L).

Para determinacdo dos compostos fendlicos, aliquotas de 5 mL dos diferentes meios de

cultivo foram retiradas e homogeneizadas com 5 mL de metanol a 80% (Sigma-Aldrich, St.
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Louis, MO, USA) e, em seguida, foram centrifugados (9000 x g, 15 min, 4 °C) e o0s
sobrenadantes foram filtrados em filtro de 0,45 um (Millex Millipore). Foram empregadas as
condicBes analiticas previamente descritas por Dutra et al. (2018) e Padilha et al. (2017). Os
resultados foram expressos em mg de fendlicos por litro de meio de cultivo (mg/L).

3.4.2.2 Determinacédo do contetdo de fibras

A determinacdo dos contedos de fibras dietéticas soluveis e insoliveis foi realizada
segundo a metodologia descrita por Prosky et al. (1992), com adaptacdes, utilizando um kit de
ensaio enzimatico-gravimétrico (TDF 100A, Sigma Aldrich®, St. Louis, MA, EUA).

3.4.2.2.1 Fibras insolUveis

Para tanto, 1 g de amostra de cada meio de cultivo foi pesada em balanca semi-analitica
(Marte®, modelo AD200, Sdo Paulo-SP, Brasil) em triplicata (diferenca entre pesos <20 mg)
em béqueres. Foi adicionado 40 mL de solugdo MES-TRIS (pH 8,2), sequido da verificagéo e
ajuste do pH 6,0 (x 0,2), adicionando-se solu¢do de NaOH a 0,275 N (ou HCI 0,325 N).
Posteriormente, foram adicionados 100 uL de solu¢do de enzima o-amilase termoresistente
(Termamyl, Sigma-Aldrich A-3306). Os béqueres contendo as amostras foram cobertos com
papel aluminio e colocados em banho ultratermostatizado (Splabor®, SP-152/10, Presidente
Prudente, SP, Brasil) a 100 °C durante 30 minutos (agitados manualmente em intervalos de 5
minutos ao longo da incubacgéo). As amostras foram resfriadas até temperatura ambiente (25 +
2 °C), tendo o pH ajustado para 7,5 com solu¢do NaOH a 0,275 N. Adicionaram-se 100 pL de
solugdo enzimatica de protease (Sigma-Aldrich® P-3910) (50 mg de protease em 1 mL de
tampao fosfato) em cada amostra. Os béqueres contendo as amostras foram cobertos com papel
aluminio e incubados em banho-maria (SP-152/10, Splabor®, Presidente Prudente, SP, Brasil)
com agitacdo continua a 60 °C, durante 30 minutos. Apos a solucéo esfriar, verificou-se o pH,
sendo entdo ajustado para pH 4,0-4,6 com solucdo de HCI a 0,325 N, e, em seguida,
adicionaram-se 300 uL de amiloglicosidase (Sigma-Aldrich® A-9913). As solucdes foram
novamente levadas para banho ultratermostatizado (Splabor®) com agitagdo continua a 60 °C
por 30 minutos.

Para a analise das fibras insollveis, a solucdo foi filtrada quantitativamente em cadinho
especial (cadinho de vidro sinterizado contendo celite, previamente incinerado em mufla e

tarado), conectado com sistema de vacuo com baldo Kitassato. Os béqueres contendo as
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amostras foram lavados com trés por¢des de 20 mL de alcool etilico 78% (Dinamica®, Ribeirdo
Preto-SP, Brasil), colocando todo o residuo no cadinho vagarosamente, seguido por mais uma
lavagem com trés porcdes de 20 mL de alcool etilico (Dindmica®) a 95%. Por fim, os béqueres
foram lavados com duas porcdes de 20 mL de acetona P.A. (Dindmica®, Ribeirdo Preto-SP,
Brasil). O filtrado foi reservado para analise de fibras soldveis. Os cadinhos de vidro foram
transferidos para estufa de secagem e esterilizagdo (Fanem®, 320-SE, Sdo Paulo, Brasil) a 105
°C e mantidos overnight, depois resfriados em dessecador durante 30 minutos e pesados em
balanca semi-analitica (Marte®, modelo AD200, S&o Paulo-SP, Brasil).

Os dados foram aplicados em célculos para a correcdo do branco e para a determinacéao
das fibras insollveis conforme as equagdes 2 e 3, respectivamente, adaptadas de Freitas et al.
(2008).

Corregido do branco = (P2bi — P1bi) — PTNbi — CZbi (2)

_ ) , (P2i — P1i) — PTNi — CZi — CBi
Fibra Alimentar Insolivel = PAL x 100 3)

Onde, “P2bi” ¢ o nimero de gramas do cadinho de residuo de branco; “P1bi”, € nimero
de gramas cadinho branco tarado; “PTNbi” ¢ o teor de proteina calculado para o branco; “CZbi”
¢ o teor de cinzas obtidas do branco; “P21” é o nimero de gramas do cadinho de residuo da
amostra; “P11”, ¢ nimero de gramas do cadinho da amostra tarado; “PTNi” € o teor de proteina
calculado para a amostra; “CZi” ¢ o teor de cinzas obtidas da amostra; “CBi” ¢ a corre¢ao do
branco e “PAi” ¢ o peso (média) da amostra em gramas. A corregdo do branco foi expressa em

gramas e o resultado das fibras insollveis foi expressa por 100 g de amostra.

3.4.2.2.2 Fibras solaveis

Para a andlise de fibras solGveis, o material filtrado (obtido na etapa de determinacéo de
fibra insollvel) foi transferido para béqueres, em triplicata, sendo feita a adicdo de etanol
(Dinamica®) a 95% (aproximadamente 4 vezes o volume do liquido). A mistura foi deixada em
repouso sob temperatura ambiente (25 + 2 °C) por 12 a 16 horas. A solucdo foi filtrada
guantitativamente em cadinho especial (cadinho de vidro sinterizado contendo celite,
previamente incinerado em mufla e tarado), conectado com sistema de vacuo com baldo

Kitassato. Os béqueres contendo as amostras foram lavados com trés porc¢6es de 20 mL de
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etanol a 78% (Dinamica®, Ribeirdo Preto-SP, Brasil), colocando todo o residuo no cadinho
vagarosamente, seguido por mais uma lavagem com trés porcdes de 20 mL de alcool etilico
(Dinamica®) a 95%. Por fim, os béqueres foram lavados com duas porcdes de 20 mL de acetona
P.A. (Dindmica®, Ribeirdo Preto-SP, Brasil). Apos filtracdo, os cadinhos de vidro foram
transferidos para estufa de secagem e esterilizacdo (Fanem®, 320-SE, Mogi Mirim-SP, Brasil)
a 105 °C, onde foram mantidos overnight, seguido por resfriamento em dessecador durante 30
minutos e pesagem em balanca semi-analitica (Marte®, modelo AD200, Sdo Paulo-SP, Brasil).

Os dados foram aplicados em célculos para a correcdo do branco e para a determinacéao
das fibras sollveis conforme as equacdes 4 e 5, respectivamente, adaptadas de Freitas et al.
(2008).

Corre¢édo do branco = (P2bs — P1bs) — PTNbs — CZbs 4

_ _ , (P2s — P1s) — PTNs — CZs — CBs
Fibra Alimentar Soldvel = PAS x 100 (5)

Onde, “P2bs” ¢ o numero de gramas do cadinho de residuo de branco; “P1bs”, ¢ nimero
de gramas cadinho branco tarado; “PTNbs” ¢ o teor de proteina calculado para o branco;
“CZbs” é o teor de cinzas obtidas do branco; “P2s” ¢ o nimero de gramas do cadinho de residuo
da amostra; “Pls”, ¢ nimero de gramas do cadinho da amostra tarado; “PTNs” ¢ o teor de
proteina calculado para a amostra; “CZs” ¢ o teor de cinzas obtidas da amostra; “CBs” ¢ a
corregdo do branco e “PAs” é o peso (média) da amostra em gramas. A corre¢cdo do branco foi

expressa em gramas e o resultado das fibras soltveis foi expressa por 100 g de amostra.

3.4.2.2.3 Fibra alimentar total

O teor de fibra alimentar total foi realizado por meio da somatdria dos teores de fibra

insoluvel e fibra solivel sendo o resultado expresso por 100 g de amostra (Equacédo 6).

Fibra alimentar total = fibra alimentar insoluvel + fibra alimentar soluvel (6)

3.4.2.3 Determinagéo da atividade antioxidante
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A capacidade antioxidante por meio da eliminagdo do radical DPPH (2,2-difenil-1-
picril-hidrazil), assim como a capacidade antioxidante equivalente a trolox por meio da captura
do radical 2,2-azino-bis(3-etilbenzotiazolina)-6-acido sulfonico (ABTS™) foi realizado
conforme Nascimento D. et al. (2022), com algumas modifica¢fes. O poder antioxidante para
a reducdo do complexo TPTZ (2,4,6-tri(2-piridil)-1,3,5-triazina) com Fe3* no ensaio de FRAP

foi realizado de acordo com Paula et al. (2022), com pequenas modificacdes.

3.4.2.3.1 Obtencéo do extrato

A obtencdo do extrato se deu por meio de hidrélise acida seguindo metodologia
adaptada de Massa et al. (2020). Aliquotas de 2 mL dos diferentes meios de fermentacéo foram
diluidas em 10 mL da solucéo extratora de etanol a 70% (70:30, v/v) e ajustado o pH em 2 com
HCla 1 M em tubo Falcon de 50 mL. Em seguida, o tubo foi envolto em papel aluminio para
abrigo da luz e armazenado sob refrigeragédo (4 £ 0,5 °C) por 24 horas. O conteudo foi levado
para uma centrifuga refrigerada (MPW-351R, MPW®, Varsdvia, Polonia) e centrifugado (1696

x @, 10 minutos, 4 °C) e o sobrenadante foi utilizado para as analises.

3.4.2.3.2 Atividade Antioxidante in vitro - Método FRAP (Ferric reducing ability of plasma)

O reagente FRAP foi preparado somente no momento da analise, utilizando uma mistura
de 25 mL de tampéo acetato (0,3M, pH 3,6), 2,5 mL de solucdo TPTZ (10 mM em HCl a 40
mM) e 2,5 mL de solucdo aquosa de cloreto férrico a 20 mM em 50 mL de agua destilada, na
proporcao 100:10:10. Para a analise foram elaboradas diferentes diluicdes do extrato, onde
retiraram-se 45 pL de cada uma e acrescentaram-se 135 uL de agua destilada, seguido da adi¢éo
de 1,35 mL do reagente FRAP. Realizou-se homogeneizacdo em agitador de tubos tipo Vortex
(Tecnal®) e a mistura foi incubada em banho ultratermostatizado (Splabor®) a 37 + 0,5 °C por
30 minutos no escuro.

A solugdo “branca” foi o proprio reagente FRAP. Transferiu-se 250 pL em uma
microplaca de 96 pocos e foi feita a leitura em comprimento de onda de 595 nm usando um
espectrofotometro BioTek Eon (Winooski, VT, USA), para medir a reducdo reducdo do
complexo TPTZ (2,4,6-tri(2-piridil)-1,3,5-triazina) com Fe®'. A atividade antioxidante foi

calculada usando uma curva de sulfato ferroso 2 nM (em 50 mL de agua destilada) como
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referéncia (50-2000 uM). Os resultados foram expressos em pmol de equivalentes de sulfato

ferroso por g de amostra (umol FeSO4/ g).

3.4.2.3.3 Atividade Antioxidante in vitro - Método ABTS®** (4cido 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic)

O radical ABTS™" foi formado por meio da reacdo da solugdo ABTS* a 7 mM com a
solucdo de persulfato de potassio a 140 mM, que foram incubados em temperatura de 25 + 1
°C no escuro durante 16 horas. Apés a formacéo do radical, foi realizada a diluicdo em alcool
etilico absoluto até obter o valor de absorbancia de 0,70 £ 0,05 nm a 734 nm. Para a anélise,
foram elaboradas diferentes dilui¢cGes do extrato, onde transferiram-se 50 pL de cada diluicdo
em uma microplaca de 96 pocos e acrescentaram-se 250 pL do radical ABTS"". O controle foi
a mistura da solucéo extratora (50 pL) e o radical ABTS™ (250 uL). Para o branco foi utilizada
apenas a solucgéo extratora (300 uL). As amostras foram mantidas na auséncia de luz por 6
minutos e feita a leitura da absorbancia em comprimento de onda de 734 nm, usando
espectrofotémetro BioTek Eon (Winooski, VT, USA) para medir a diminui¢do na concentragdo
do radical livre ABTS™". A atividade antioxidante foi calculada usando uma curva padréo de
Trolox a 2 mM (50-2000 uM) e os resultados foram expressos em pmol de capacidade

antioxidante equivalente ao Trolox (CAET) por grama de amostra (umol CAET/g).

3.4.2.3.4 Atividade Antioxidante in vitro - Método DPPH (2,2-difenil-1-picril-hidrazil)

Elaborou-se uma solucdo estoque de DPPH* (24 mg diluido em 100 mL de alcool etilico
absoluto), da qual foi preparada a solucdo de trabalho na diluicdo 1:10 em alcool etilico
absoluto. Preparou-se também uma solucdo padrdo de Trolox a 2 mM (25 mg em 50 mL de
alcool etilico absoluto) como referéncia. Para a analise, foram elaboradas diferentes diluicGes
do extrato, onde retiraram-se 50 pL de cada uma e acrescentaram-se 1950 uL da solucdo de
trabalho de DPPH'. Em seguida, realizou-se homogeneizacdo em agitador de tubos tipo Vortex
(AP-56/1, Technal®, S&o Paulo, Piracicaba, Brasil) e a mistura foi mantida sob repouso por 30
minutos em temperatura ambiente (25 + 0,5 °C) no escuro. O controle foi a mistura da solucéo
extratora (50 pL) e solucéo de trabalho de DPPH" (1.950 pL). Para o branco foi utilizado apenas
a solucdo extratora (250 pL). Transferiram-se 250 pL para uma microplaca de 96 pogos e foi
feita a leitura em comprimento de onda de 515 nm usando um espectrofotdmetro BioTek Eon

(Winooski, VT, USA), para medir a diminui¢cdo na concentracdo do radical livre DPPH". A
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atividade antioxidante foi calculada e os resultados foram expressos em pumol de capacidade

antioxidante equivalente ao Trolox (CAET) por grama de amostra (umol CAET/g).

3.4.2.4 Perfil metabdlico global

O perfil metabolico global dos meios de cultivo foi analisado por Ressonancia
Magnética Nuclear (RMN). Uma aliquota de 550 puL de cada meio de cultivo fermentado foi
diluida com 50 pL de oxido de deutério com 0,01% de TSP (sal de sodio do acido
tetrametilsililpropandico-ds), e colocada em um tubo para analise de Ressonancia Magnética
Nuclear (RMN) de 5 mm de didmetro. Os experimentos de RMN foram realizados em um
equipamento Bruker Ascend 400 operando a 400 MHz para *H-NMR e a 100 MHz para **C-
NMR (Bruker, Billerica, MA, EUA). Os seguintes parametros foram usados para obter a
sequéncia do espectro: noesygpprld; temperatura: 26 °C; numero de varreduras: 32; varredura
dummer: 4; ganho do receptor: 58.8; tempo de aquisicdo: 4,08 s. Os espectros de RMN foram
submetidos a referenciamento, correcdo de linha de base, correcdo de fase, alinhamento,
remocdo do pico de dgua em 5,07-4,60 ppm para normalizacdo pela area total do espectro, e
obtencdo do espectro de binning com uma faixa de 0,00 a 9,00 ppm e com compartimentos de
0,020 ppm. Os espectros foram processados usando o software Bruker TopSpin 4.1.1 (Sampaio
et al., 2022).

3.5 AVALIACAO DOS COPRODUTOS FERMENTADOS COM PROBIOTICOS

3.5.1 Viabilidade das cepas probioticas apos liofilizacédo e durante o armazenamento

Aliquotas de 1 mL dos diferentes meios de cultivo dos coprodutos de frutas (CACE,
CCAJ e CGOI) contendo L. acidophillus LA-05 ou L. paracasei L-10 na fase estacionaria (apos
20 h de fermentacdo, esse tempo foi determinado a partir de estudos anteriores) (Araujo et al.,
2020) foram neutralizadas com hidroxido de sédio (NaOH) a 0,1M até pH 7 e transferidas para
frascos de vidro de 5 mL sob condicdes assépticas. Ja 0os microrganismos cultivados em MRS
(controle), foram neutralizados e ressuspensos em tampao fosfato salino (PBS 0,1 M; pH 7,4)
(Quintana et al., 2017). Em seguida, os meios de cultivo [CACE, CCAJ, CGOI e controle
(MRS)] fermentados pelas cepas de Lactobacillus foram congelados (-80 °C por 48 h) e

liofilizados (temperatura de -55 £ 2 °C, com pressdo de vacuo <138 uHG, taxa de liofilizagdo
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de 1 mm/h), por aproximadamente 40 h usando liofilizador de bancada (LIOTOP®) (Garcia et
al., 2018).

As cepas liofilizadas foram mantidas em dessecadores contendo silica gel e
armazenadas sob temperatura de refrigeracdo (4 + 0,5 °C) por 120 dias (Araujo et al., 2020;
Sampaio et al., 2021). Apos a liofilizacdo, nos tempos 0 (imediatamente apds a secagem), 30,
60 e 120 dias de armazenamento refrigerado, foram determinadas as contagens de células
viaveis das cepas de Lactobacillus. Para isso, as cepas foram reidratadas em agua destilada
esterilizada (1:9) por 15 minutos. Em seguida, diluicGes seriadas (1:9, 10 a 10%) foram
realizadas utilizando solucdo salina esterilizada (NaCl, 8.5 g/L), e aliquotas de 10 pL foram
semeadas em placas contendo 4gar MRS (HiMedia) utilizando-se a técnica de inoculacdo em
microgota (Herigstad; Hamilton; Heersink, 2001). As placas foram incubadas (37 °C/48 h)
anaerobicamente (Anaerobic System Anaerogen, Oxoid). Os resultados foram expressos em
log UFC/mL.

Em adicdo foram calculas as taxas de sobrevivéncia, apds a liofilizacéo, utilizando a

equacdo descrita abaixo, conforme estudo prévio (Bagad et al., 2017).

Taxa de sobrevivéncia (%) = UFC ap6s a liofilizagado 100% 3
dxa ce soprevivencia L) = UFC antes da liofilizacao x 0 (8)

3.5.2 Viabilidade das cepas probioticas durante a digestédo gastrointestinal simulada

As cepas liofilizadas nos meios de cultivo foram submetidas a digestdo simulada in
vitro, imediatamente apds a liofilizacdo (1° dia) e ao final do armazenamento refrigerado (120
dias), seguindo procedimentos descritos por Albuquerque et al. (2017). As cepas liofilizadas
foram reidratadas com agua destilada esterilizada (25 £ 0,5 °C, 10 min.). A condicédo bucal foi
simulada empregando 100 U/mL de a-amilase diluida em CaCl,a 1 mM e pH ajustado para 6,9
comNaHCOz a1 M (tempo de exposicéo de 2 min, com agitagdo de 200 rpm). A fase estomacal
foi simulada usando 25 mg de pepsina diluidaem 1 mL de HCla 0,1 M (proporc¢éo 0,05 mL/mL
da amostra, tempo de exposi¢do 120 min, 37 °C, 130 rpm). A fase intestinal foi mimetizada
com 2 g de pancreatina/L de NaHCOs a 0,1 M e 12 g de sais biliares bovinos/L de NaHCOs a
0,1 M, pH ajustado para 6,0 (proporc¢édo 0,25 mL/mL da amostra, tempo de exposi¢cdo 120 min,
37 °C, 45 rpm). Foi utilizada agitacdo mecanica para simular movimentos peristalticos em
incubadora (TECNAL TE-424, S&o Paulo, Brasil) a 37 £ 0,5 °C, com ajuste de rotacdo em cada

fase. Os reagentes, enzimas e sais biliares bovinos foram adquiridos da Sigma-Aldrich®. Apos
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cada condigdo gastrointestinal simulada, foram determinadas as contagens de células viaveis.
Para tanto, aliquotas de 100 pL foram diluidas em série [1:9 (v/v), 10— 10] em solugéo salina
esterilizada (NaCl, 8,5 g/L) e semeadas em placas contendo a4gar MRS (HiMedia) usando
técnica de microgota (Herigstad; Hamilton; Heersink, 2001). As placas foram incubadas
anaerobicamente (Anaerobic System Anaerogen, Oxoid) a 37 °C durante 48 h, e os resultados

das contagens foram expressos como log UFC/mL.

3.5.3 Avaliagdo do estado fisiologico da célula bacteriana ap6s a liofilizacao e durante a
digestéo gastrointestinal simulada

A citometria de fluxo (CF) foi usada para monitorar os aspectos estruturais das células
de Lactobacillus liofilizadas nos diferentes meios de cultivo, logo apos a liofilizagéo e com 120
dias de armazenamento refrigerado, e durante a digestdo gastrointestinal simulada (conforme

descrito anteriormente) (Albuquerque et al., 2017).

3.5.3.1 Procedimento de coloracéo

As amostras das diferentes etapas (armazenamento e digestdo simulados) foram
reidratadas com 1 mL de agua destilada esterilizada e filtradas utilizando um filtro de seringa
1,0 um (PVDF, Analitica, Sdo Paulo, SP, Brasil) estéril com fibra de vidro de poro 0,45 um
(Whatman®). Em seguida, centrifugou-se (4500 x g, 10 minutos, 4 °C) e os sedimentos obtidos
foram lavados duas vezes, ressuspensos em solucao salina esterilizada tamponada com fosfato
(SSTF) e submetidos ao procedimento de coloracdo com iodeto de propidio (PI, Sigma-
Aldrich®) na concentragio de 10 ug/mL, para avaliar a integridade de membrana e diacetato de
carboxifluoresceina (cFDA, Sigma-Aldrich®) na concentracio de 2,5 upg/mL, para
determinacdo da atividade metabdlica celular (Gandhi; Shah, 2015; Strauber; Mdiller, 2010).

As amostras submetidas a dupla coloragdo foram incubadas por 15 minutos em local
escuro. Em seguida, estas suspensdes foram centrifugadas (4500 x g, 10 min, 4 °C) e lavadas
em igual volume de SSTF a fim de remover o excesso dos fluorocromos. Finalmente, foram
ressuspendidas em SSTF e foi realizada a leitura no citdmetro (BD Accuri C6, Becton
Dickinson, Franklin Lakes, NJ, EUA). As células das cepas teste quando expostas ao primeiro
dia de armazenamento (dia 1 — apdés a liofilizagdo e com 120 dias de armazenamento) e nas
diferentes condigdes gastrointestinais simuladas (boca, estbmago e intestino) (Pedrosa et al.,
2020; Paparella et al., 2008).
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3.5.3.2 Andlises em citometria de fluxo

As andlises foram realizadas com uso de citdmetro de fluxo com emisséo de laser de
argonio a 488 nm e 640 nm (BD Accuri C6, Becton Dickinson, Franklin Lakes, NJ, EUA),
contendo dois detectores de disperséo de luz (FSC e SSC) e quatro detectores de fluorescéncia.
O detector de fluorescéncia denominado de canal FL1 detecta luz com comprimento de onda
de 533 nm + 30 nm e foi utilizado para coletar fluorescéncia na cor verde, a fim de verificar
marcag0es com cFDA. O detector de fluorescéncia denominado de canal FL3 detecta luz com
comprimentos de onda >670 nm e foi utilizado para coletar fluorescéncia na cor vermelha, a
fim de verificar marcacdes com PI. Os niveis do limiar para aquisicao de dados foram definidos
com os detectores de dispersao de luz. Na disperséo direta (foward scatter, FSC) foi utilizado
o0 valor de 30000 e na dispersao lateral (side scatter, SSC) foi utilizado o valor de 12000 com o
intuito de eliminar particulas muito menores do que as células intactas e delimitar as células
bacterianas, respectivamente.

Cada aquisicdo de amostra foi feita com uma configuracdo de baixa taxa de fluxo (12
mL/minuto) e um total de 10.000 eventos foram analisados por amostra. Foi utilizada uma
compensacdo automatica para os dados obtidos. A analise dos dados foi realizada com o
software BD Accuri C6 (Becton Dickinson and Company) (de Souza Pedrosa et al., 2020;
Paparella et al., 2008).

3.5.3.3 Interpretacdo dos resultados

Os gréficos de densidade indicando FSC no eixo Y versus SSC no eixo X foram
projetados para identificar a populacdo bacteriana de interesse. O parametro FSC fornece
informacGes relativas ao tamanho da célula, enquanto o parametro SSC fornece informacdes
sobre a granulosidade celular. Para analisar os dados de dupla marcacdo foram projetados
gréaficos de densidade FL1 no eixo Y versus FL3 no eixo X. Os graficos FL1 versus FL3 foram
demarcados com quatro quadrantes, sendo um para cada subpopulacéo celular de acordo com
a fluorescéncia detectada nas leituras, a saber: Para a coloracdo dupla com Pl e cFDA, as
subpopulacdes caracterizadas como PI'cFDA™ localizadas no quadrante superior esquerdo
corresponderam ao percentual de células com membrana intacta e com atividade enzimatica
(células vivas); as subpopulacGes caracterizadas como PI*cFDA" localizadas no quadrante
inferior direito corresponderam ao percentual de células com membranas permeabilizadas e

sem atividade metabolica (células mortas); as subpopulagdes celulares caracterizadas como
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PI'cFDA" localizadas no quadrante superior direito foram consideradas células
permeabilizadas com atividade enzimética (células lesadas) (Paparella et al., 2008). Como
controles positivos foram utilizadas suspensdes de células das amostras que ndo foram
submetidas ao processo de marcagdo. Como controle negativo foram utilizadas suspensoes de
células das amostras incubadas em etanol para promover morte celular. Ambos os controles
foram lavados duas vezes com solucdo salina esterilizada tamponada com fosfato por meio de

centrifugacdo (4500 x g, 10 minutos, 4 °C).

3.6 FERMENTACAO FECAL IN VITRO DOS COPRODUTOS FERMENTADOS COM
PROBIOTICOS

3.6.1 Aspectos éticos da pesquisa

A presente pesquisa atende aos padrdes éticos exigidos pela Resolucdo n° 466 de 12 de
dezembro de 2012 (CNS-MS, 2012), que aprova as diretrizes e normas regulamentadoras de
pesquisas envolvendo seres humanos e estabelece que "toda pesquisa envolvendo seres
humanos devera ser submetida & apreciagdo de um Comité de Etica em Pesquisa”. Os individuos
participantes da pesquisa foram esclarecidos acerca da tematica da pesquisa e em seguida,
assinaram um Termo de Consentimento Livre e Esclarecido (APENDICE A) antes do inicio
dos experimentos. O protocolo experimental foi aprovado sob 0 nimero 6.080.926, de acordo

com o parecer consubstanciado (ANEXO A).

3.6.2 Coleta das amostras fecais

As amostras fecais frescas foram doadas por seis voluntarios adultos saudaveis, sendo
trés homens e trés mulheres, com idade entre 28 e 33 anos. Como critérios de inclusdo, os
doadores deveriam seguir uma dieta onivora, sem precedentes de doenca no intestino grosso,
sem fazer o uso de alimentos probidticos ou prebidticos concentrados, além de néo ter feito uso
de antibidticos ou qualquer outro medicamento de uso controlado por, pelo menos, seis meses
antes da coleta (Albuquerque et al., 2021; Rodrigues et al., 2016; Sampaio et al., 2022). Um Kit
para coleta foi disponibilizado para cada doador, contendo frascos coletores esterilizados, luvas,
mascara, prato e espatula descartavel, além de alcool 70%, sendo estes instruidos quanto ao

manuseio asséptico das amostras.
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As amostras foram coletadas em até 30 min apds a excrecdo, sendo transportadas em
jarra de anaerobiose (Anaerojar, Oxoid, Basingstoke, Inglaterra) contendo gerador de gas
anaerobico (AnaeroGen) e utilizadas imediatamente (Albuquerque et al., 2021; Menezes et al.,
2021a; Menezes et al., 2021b;).

3.6.3 Simulacéo da digestao gastrointestinal

Apos a liofilizacdo dos coprodutos fermentados (conforme se¢do 3.5.1), as suspensdes
denominadas na Tabela 1, passaram pelo processo de digestdo simulado, descrito na segédo
3.5.2. Os fluidos resultantes da digestdo simulada dos nutracéuticos passaram pelo processo de
dialise para a retirada de produtos digestivos de baixo peso molecular (monossacarideos livres),
simulando condigcdes de absorcdo das células no intestino. Para tanto, os fluidos foram
transferidos para um tubo de dialise de celulose regenerada de 1 kDa de peso molecular
(Spectra/Por 6, Spectrum Europe, Holanda) e dialisados contra solucdo de NaCla 0,01M a5 +
0,5 °C. Apds 18 horas, os fluidos de dialise foram substituidos e o processo continuado por um
periodo adicional de 2 horas. Os fluidos dialisados foram liofilizados novamente e armazenadas

até sua utilizacdo na fermentacédo col6nica, por até no maximo uma semana.

Tabela 1 — Suspensdes utilizadas para fermentacao fecal.

Cadigo Suspensoes

AL10 Coproduto de acerola + L. paracasei L-10
ALA5 Coproduto de acerola + L. acidophillus LA-05
GL10 Coproduto de goiaba + L. paracasei L-10
GLA5 Coproduto de goiaba + L. acidophillus LA-05

3.6.4 Preparacao do indculo fecal e do meio de fermentacao fecal in vitro

As amostras fecais frescas coletadas de cada doador foram misturadas em igual
quantidade (1:1:1:1:1:1), diluidas (1:10 p/v) em tampédo fosfato salino (PBS 0,1 M; pH 7,4),
esterilizadas e homogeneizadas por 2 minutos sob agitacdo (200 rpm). Em seguida, foram

filtradas com o uso de uma camada tripla de gazes esterilizadas para remogdo de particulas
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grandes e armazenadas (37 £ 0,5 °C) em frascos esterilizados sob condi¢gdes anaerdbicas
(AnaeroGen).

Para o processo de fermentacdo foi formulado 1 L de meio de crescimento, com a
seguinte composicéo: 4,5 g de NacCl, 4,5 g de KCl, 1,5 g de NaHCOs3, 0,69 g de MgSQg4, 0,8 ¢
de L-cisteina, 0,5 g de KH2POg4, 0,5 g de K:HPOg4, 0,4 g de sal biliar, 0,08 g CaClz, 0,005 g de
FeSO4, 1 mL de Tween 80 e 4 mL de solucdo de resazurina (0,025%, v/v) como indicador
anaerdbio, diluido em &gua destilada e esterilizado por autoclavagem (121 °C, 1 atm, 15 min).
Culturas descontinuas de fermentacdo (40 mL) foram formuladas com 40% de meio de
crescimento (v/v), 40% do in6culo fecal humano (v/v) e as amostras 20 % digeridas e
liofilizadas (CAL10, CALA5, CGLA10 e CGLADb), seguido por incubacdo sob anaerobiose
(AnaeroGen) por 48 horas a 37 °C (Menezes et al., 2021a; Menezes et al., 2021b). Para compor
0 experimento tambem foi preparado um meio fermentativo com FOS (20% p/v) (Gibson et al.,
2017; Sanders et al., 2019) e um meio sem adicéo de substrato fermentavel, para serem testados
como controles positivos (FOS) e negativos (NC), respectivamente (Guergoletto et al., 2016;
Rodrigues et al., 2016). Os ingredientes utilizados para formular os meios foram obtidos da
Sigma-Aldrich® (Rodrigues et al., 2016).

3.6.5 Quantificacdo das populacbes bacterianas nos sistemas de fermentacdo fecal com

hibridizacéo por fluorescéncia in situ (FISH) e citometria de fluxo (CF)

A técnica FISH com sondas oligonucleotidicas selecionadas e projetadas para atingir
regides especificas do gene 16S rRNA de diferentes grupos microbianos combinada com CF
foi utilizada para avaliar a capacidade das amostras digeridas (CAL10, CALA5, CGLA10 e
CGLAD5) em modular a microbiota intestinal humana em sistemas de fermentacdo fecal in vitro
(Conterno et al., 2019; Menezes et al., 2021a; Menezes et al., 2021b). Foram utilizadas cinco
diferentes sondas (Tabela 2) (Bif 164 especifica para Bifidobacterium, Lab 158 especifica para
Lactobacillus e Enterococcus, Bac 303 especifica para Bacteroides e Prevotella, Erec 482
especifica para Eubacterium retal e Clostridium coccoides e Chis 150 especifica para
Clostridium histolyticum) sintetizadas comercialmente e marcadas com o corante fluorenscente
Cy3 (Sigma-Aldrich®) (Albuquerque et al., 2021; Rodrigues et al., 2016; Menezes et al., 2021a;
Menezes et al., 2021b). O marcador SYBR Green (Molecular Probes, Invitrogen, Carlsbad,
CA, EUA) foi usado para enumerar a populacéo total de bactérias por meio da marcacgéo da fita
dupla de DNA (Albuqguerque et al., 2021; Conterno et al., 2019).
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Ao término de cada periodo de fermentagdo, as amostras foram tomadas e submetidas
ao processo de fixacdo a fim de estabilizar as estruturas celulares. No tempo zero (logo apds a
homogeneizacdo dos componentes do meio de fermentacdo) e apds 24 e 48 horas de
fermentacdo, aliquotas de 375 pL das culturas foram fixadas overnight a 4 °C com 1125 pL de
solucdo de paraformaldeido filtrada (4%, p/v) para estabilizar a estrutura celular. Apds esse
periodo, as aliquotas foram centrifugadas (10000 x g, 5 min, 4 °C), lavadas duas vezes (10000
%x g, 5 min, 4 °C) com PBS a 1 M, ressuspensas em 300 uL. de PBS: etanol 99% (1:1 v/v),
filtradas com filtro de membrana tamanho de poro 0,45 pm (Whatman®) e armazenadas a -20
°C.

Para a realizacéo da hibridizacdo in situ, 10 puL das células fixadas foram ressuspensas
em 190 puL de PBS 1X (Gibco, Gaithersburg, EUA; pH 7.2), centrifugadas (4000 % g, 15 min,
4 °C), descartando o sobrenadante, ressuspensas em 200 puL de tampao Tris-EDTA (100 mM
Tris-HCI and 50 mM EDTA; pH 8) e centrifugadas (4000 x g, 15 min, 4 °C). As amostras
foram tratadas com 200 pL de Tris-EDTA contendo lisozima (1 mg/mL) e incubadas por 10
minutos no escuro em temperatura ambiente (25 £ 0,5 °C) para permeabilizar as células que
receberam as sondas Lab 158 e Bif 164, seguindo por centrifugagdo (4000 x g, 15 min, 4 °C).
As amostras foram ressuspendidas em 45 uL de tampdo de hibridizacdo [NaCl a 0,9 M, Tris-
HCI (pH 7,5) a 20 mM, 0,1% (p/v) de dodecil sulfato de sodio (DSS)] e com 5 pL de sonda
oligonucleotidica fluorescente (50 ng/uL) e mantidas sob temperatura de hibridizacéo

apropriada para cada sonda (45 ou 50 °C) no escuro por 4 horas.

Tabela 2 - Sondas de oligonucleotideos de rRNA 16S e condic6es de hibridizacéo utilizadas

nas analises com hibridizacéo in situ fluorescente acoplada a citometria de fluxo.

Sonda Especificidade Temperatura de lavagem e
hibridizacéo (°C)

Bac 303 Bacteroides — Prevotella 45°C

Bif 164 Bifidobacterium 50°C

Chis 150 Clostridium Histolyticum 50°C

Erec 482 Clostridium coccoides- 50°C

Eubacterium Rectale
Lab 158 Lactobacillus spp. - Enterococcus spp. 50 °C

Rfla 729 Ruminococcus albus/R. flavefaciens 50°C
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Apbs essa etapa, as amostras foram centrifugadas (4000 x g, 15 min, 25 °C),
ressuspensas em 200 uL de tampao de hibridizagdo sem DSS e mantidas sob temperatura de
lavagem apropriada para cada sonda (45 ou 50 °C) no escuro por 30 minutos para retirar sondas
ndo ligadas. As amostras foram centrifugadas (4000 % g, 15 min, 25 °C), ressuspensas em 200
uL de PBS 1X e 20 puL de SYBR Green (1:1000 solugdo estoque diluida em dimetil sulféxido
>99.9%, Sigma-Aldrich®), incubadas por 10 minutos no escuro sob temperatura ambiente (25
+ 0,5 °C), centrifugadas (4000 % g, 15 min, 25 °C) e ressuspendidas com 200 puL de PBS 1X.

Uma amostra em branco (sem a sonda oligonucleotidica e sem SYBR Green), e uma
amostra marcada somente com SYBR Green, foram preparadas para todas as amostras,
seguindo 0s mesmos passos das amostras hibridizadas, como um controle para definir o limiar
das comportas do citdmetro de fluxo (BD Accuri C6, New Jersey, EUA), 0 que permite revelar
a potencial autofluorescéncia das amostras, excluindo os falsos positivos. Na analise de CF, os
sinais fluorescentes das células individuais passam através de uma zona de laser, sendo
coletados como sinais logaritmos. Os sinais fluorescentes (mensuramento da area de pulso)
foram coletados pelos canais FL1 (SYBR Green) e FL2 (Lab 158, Bif 164, Bac 303, Chis 150
e Erec 482). A aquisicdo das amostras foi configurada para passar em um baixo fluxo, com
nivel limite para dispersdo direta (FSC) ajustado para 30.000 e com total de 10.000 eventos
coletados para cada amostra. Os citogramas de emissao de fluorescéncia foram registrados com
o software BD Accuri C6 (Becton Dickinson and Company). Os resultados foram expressos
como abundancia (porcentagem relativa) de células hibridizadas com cada sonda Cy3
especifica de grupo bacteriano (registrados como eventos fluorescentes) em relacdo ao total de

bactérias enumeradas com coloracdo SYBR Green (Conterno et al., 2019).

3.6.6 Determinacdo do metabolismo microbiano durante a fermentacéo fecal in vitro

As amostras foram coletadas no tempo zero (logo apdés a homogeneizacdo dos
componentes do meio de fermentacdo) e apds 24 e 48 horas de fermentacdo fecal. Os valores
de pH nos sistemas de fermentacdo fecal foram determinados seguindo procedimento padrdo
(AOAC, 2019). A determinacdo e quantificacdo de agUcares, acidos organicos e compostos
fendlicos nos meios de cultivo fermentados pela microbiota fecal humana foi realizada com uso
da técnica de CLAE conforme condicOes analiticas descritas anteriormente no item 3.4.2.1.

Para quantificagdo e identificacdo dos metabdlitos, os constituintes quimicos foram
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estruturalmente determinados através do método espectroscdpico de Ressonancia Magnética
Nuclear (RMN) de *H e *3C, conforme condices analiticas descritas anteriormente na secgéo
3.4.2.4.

3.6.7 Determinacéao da capacidade antioxidante durante a fermentacéo fecal in vitro

A capacidade antioxidante das diferentes formulac6es nos sistemas de fermentacéo fecal
foi avaliada no tempo zero (logo ap6s a homogeneizacdo dos componentes do meio de
fermentac&o) e ap06s 24 e 48 horas de fermentacéo fecal. Foram utilizados métodos ja descritos

na secao 3.4.2.3.

3.7 ANALISES ESTATISTICAS

Todos os ensaios foram conduzidos em triplicata em trés experimentos independentes,
sendo os resultados expressos como a média * desvio padréo dos dados obtidos. Os dados foram
submetidos ao teste t de Student ou analise de variancia (ANOVA) seguida do teste de Tukey,
utilizando p < 0,05 para significancia. O software computacional GraphPad Prism 6.0
(GraphPad Software, San Jose, CA, EUA) foi utilizado para a realizacdo das analises
estatisticas. O processamento dos espectros da analise de Ressonancia Magnética Nuclear foi
realizado usando o software MestReNova® (MNova) versdo 5.2.3. As analises de Componentes
Principais (ACP) e agrupamento hierarquico (HCA) foram realizadas utilizando o software Past
(version 4.03). Os dados obtidos do espectro de binning foram submetidos a normalizacéo por
area e a ACP foi obtida com cross validation. A relacdo entre as amostras e 0s parametros
testados no ensaio de fermentacao fecal in vitro foi determinada usando anélise de componentes
principais (SCP). O coeficiente de correlacdo de Pearson (R) e o valor de p foram calculados
para mostrar as correlagdes em um mapa de calor. Um valor de p < 0,05 foi considerado
estatisticamente significativo. O software GraphPad Prism 7.0 (GraphPad Software, La Jolla,
CA, EUA) e o software R (Versdo 2.15.3, Ross Ihaka & Robert Gentleman, Universidade de

Auckland, Auckland, Nova Zelandia) foram utilizados para realizar a analise estatistica.
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4 RESULTADOS

Os resultados desta tese estdo apresentados na forma dois artigos originais apresentados
nos apéndices B e C. O artigo apresentado no apéndice B: “Exploiting tropical fruit
processing coproducts as circular resources to promote the growth and keep the
culturability and functionality of probiotic lactobacilli ” teve como objetivo avaliar o
potencial de utilizacdo de coprodutos do processamento de frutas tropicais (acerola, caju e
goiaba) como meio para crescimento (fermentacdo) e manutencdo da viabilidade de cepas de
Lactobacillus (Lactobacillus acidophilus LA-05 e Lacticaseibacillus paracasei L-10) durante
a liofilizagdo, armazenamento refrigerado e digestdo gastrointestinal simulada. Os resultados
mostraram que, quando utilizados como meios de cultivo, CACE, CCAS e CGUA resultaram
em contagem de células vidveis de Lactobacillus >8,8 log UFC/g ap6s 24 h de fermentacéo. Ao
longo da fermentacdo, houve reducdo na concentracdo dos agucares glicose e frutose, com
concomitante aumento na producéo de &cidos organicos, e reducdo do pH. Apos o processo de
liofilizagdo das cepas de Lactobacillus nos coprodutos fermentados, observaram-se altas taxas
de sobrevivéncia, demonstrando que esses meios poderiam proteger as cepas durante a
liofilizagdo. Ao final do armazenamento, L. acidophilus LA-05 e L. paracasei L-10 liofilizados
com CACE, CCAJ e CGOI apresentaram reducdes menores que quando liofilizados no meio
controle. CACE, CCAS e CGUA foram capazes de reduzir o tamanho de subpopulactes
injuriadas e mortas durante as etapas da digestdo simulada. A partir desses resultados, sugere-
se que CACE, CCAJ e CGOI podem atuar como meios de cultura eficientes para o crescimento
de L. acidophilus LA-05 e L. paracasei L-10, com um efeito protetor sobre essas cepas durante
a liofilizacdo, armazenamento e exposicao a digestdo gastrointestinal simulada. Logo, o uso de
coprodutos de frutas (acerola, caju e goiaba) oferece vantagens com potencial de aplicacdo
como ingredientes bioativos circulares, apoiando um possivel destino de valor agregado para
esses materiais que sao produzidos e descartados pela industria de processamento de frutas,
contribuindo para diminuir os impactos ambientais negativos.

O artigo apresentado no apéndice C, intitulado: “Fermenting acerola (Malpighia
emarginata D.C.) and guava (Psidium guayaba L.) fruit processing co-products with
probiotic lactobacilli to produce novel potentially synbiotic circular ingredientes” avaliou
os efeitos de coprodutos do processamento de acerola e goiaba fermentados com os probidticos
Lactobacillus acidophilus LA-05 e Lacticaseibacillus paracasei L-10 na abundancia de
diferentes grupos bacterianos intestinais e na atividade metabdlica microbiana durante 48 horas

de fermentacéo fecal com in6culo fecal humano reunido. Os coprodutos de frutas fermentados
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e digeridos aumentaram a abundéancia relativa de grupos bacterianos benéficos, enquanto em
geral diminuiram ou mantiveram a abundancia relativa de grupos bacterianos ndo benéficos,
indicando efeitos estimuladores supostamente seletivos nas populagdes intestinais bacterianas
benéficas. Os coprodutos estimularam a atividade metabdlica microbiana ligada a diminuigéo
do pH, consumo de acucar, producdo de acidos graxos de cadeia curta, compostos fenolicos e
alteracdo do perfil metabolico, apresentando alta capacidade antioxidante durante a
fermentacao fecal. Os resultados indicam que coprodutos fermentados de frutas podem induzir
mudancas benéficas na abundancia relativa de varios grupos bacterianos, bem como na
atividade metabolica da microbiota intestinal humana, sendo candidatos novos e circulares para

uso como ingredientes simbidticos.
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APENDICE A — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO(TCLE)

UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE CIENCIAS DA SAL'JNDE
DEPARTAMENTO DE NUTRICAO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Prezado(a) participante da pesquisa,

A pesquisadora, Caroliny Mesquita Araudjo, aluna do Programa de P6s-Graduagdo em Ciéncias
da Nutricdo, Universidade Federal da Paraiba, sob orientacdo da professora Maria Elieidy
Gomes de Oliveira, docente do Departamento de Nutri¢do, da Universidade Federal da Paraiba,
convida vocé a participar da pesquisa intitulada “POTENCIAL DE COPRODUTOS
DE FRUTAS TROPICAIS COMO RECURSOS CIRCULARES PARA PROMOVER A
VIABILIDADE PROBIOTICA DE LACTOBACILLUS EM BIOPROCESSAMENTOS E
A MODULACAO DA MICROBIOTA INTESTINAL”. Para tanto vocé precisara assinar o
TCLE que visa assegurar a protecdo, a autonomia e 0 respeito aos participantes de pesquisa em
todas as suas dimensdes: fisica, psiquica, moral, intelectual, social, cultural e/ou espiritual — e
que a estruturacdo, o conteudo e forma de obtencdo dele observam as diretrizes e normas
regulamentadoras de pesquisas envolvendo seres humanos preconizadas pela Resolucdo n°
466/2012 e/ou Resolugdo n° 510/2016, do Conselho Nacional de Saude e Ministério da Saude.

Sua decisdo de participar neste estudo deve ser voluntaria e que ela ndo resultara em
nenhum custo ou 6nus financeiro para vocé (ou para o seu empregador, quando for este 0 caso)
e que vocé ndo sofrera nenhum tipo de prejuizo ou punicdo caso decida ndo participar desta
pesquisa. Todos os dados e informacdes fornecidos por vocé serdo tratados de forma
andnima/sigilosa, ndo permitindo a sua identificacao.

Esta pesquisa tem por objetivo avaliar o potencial de coprodutos de acerola, caju e
goiaba como meio de cultivo de cepas de Lactobacillus, avaliando parametros de atividade
metabolica durante a fermentacdo, bem como a estabilidade dessas cepas quando submetidas
ao processo de desidratacdo (liofilizacdo), armazenamento refrigerado e exposicdo ao trato
gastrointestinal simulado. Em soma, ainda se avaliou os efeitos dos coprodutos fermentados na
abundancia relativa de diferentes populacfes bacterianas intestinais, producdo de metabdlitos
microbianos e capacidade antioxidante durante 48 h de fermentacéo fecal in vitro.

Logo, solicitamos a sua colaboracdo para coletar amostras fecais, como também sua
autorizacdo para apresentar os resultados deste estudo em eventos da area da saude e publicar
em revistas cientificas. Por ocasido da publicacdo dos resultados, seu nome sera mantido em
sigilo.

Informamos que essa pesquisa ndo oferece riscos previsiveis para a sua saude. Talvez,
possa sentir-se desconfortavel com a coleta da amostra, mas sera minimizado por meio da coleta
em local reservado, com instrucdes disponibilizadas de forma escrita e verbal.

Por meio da sua participacdo da sua pesquisa isso trara informacGes importantes para o
meio cientifico, colaborando com a utilizagdo de coprodutos de frutas que poderdo apresentar
diversos beneficios para satude dos consumidores, além de valorizar e incentivar o0 uso desses
materiais que seriam descartados no meio ambiente.
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Caso tenha davidas em qualquer momento da pesquisa vocé podera entrar em contato
com o pesquisador ou diretamente com o Comité de Etica em Pesquisa, por meio dos contatos
abaixo.

Endereco e Informac6es de Contato dos pesquisadores:

Maria Elieidy Gomes de Oliveira

Laborat6rios de Bromatologia e Técnica Dietética — Labrom e TD/CCS/UFPB. Fone: (83)
3216-7826

Endereco e Informacdes de Contato do Comité de Etica em Pesquisa (CEP/CCS/UFPB)

Comité de Etica em Pesquisa (CEP) do Centro de Ciéncias da Satde (1° andar) da Universidade
Federal da Paraiba Campus | — Cidade Universitaria / CEP: 58.051-900 — Jodo Pessoa, Paraiba.
(1 (83) 3216-7791 E-mail: comitedeetica@ccs.ufpb.br
Horario de Funcionamento: de 07h as 12h e de 13h as 16h.

Homepage: http://www.ccs.ufpb.br/eticaccsufpb

CONSENTIMENTO LIVRE E ESCLARECIDO

Ao colocar sua assinatura ao final deste documento, VOCE, de forma voluntéria, na qualidade de
PARTICIPANTE da pesquisa, expressa 0 seu consentimento livre e esclarecido para participar
deste estudo e declara que esta suficientemente informado(a), de maneira clara e objetiva, acerca
da presente investigacdo. E recebera uma cdpia deste Termo de Consentimento Livre e
Esclarecido (TCLE), assinada pelo(a) Pesquisador(a) Responsavel.

Jodo Pessoa, PB, de de20 .

Assinatura, por extenso, do(a) Participante da Pesquisa

impressao datiloscopica

Assinatura, por extenso, do(a) Pesquisador(a) Responsavel pela pesquisa
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APENDICE B - ARTIGO |

Exploiting tropical fruit processing coproducts as circular resources to promote the

growth and keep the culturability and functionality of probiotic lactobacilli

Abstract

This study evaluated the use of acerola (Malpighia glabra L., CACE), cashew (Anacardium
occidentale L., CCAS), and guava (Psidium guayaba L., CGUA) fruit processing coproducts
as substrates to promote the growth, metabolite production, and maintenance of the
viability/metabolic activity of the probiotics Lactobacillus acidophilus LA-05 and
Lacticaseibacillus paracasei L-10 during cultivation, freeze-drying, storage, and exposure to
simulated gastrointestinal digestion. Probiotic lactobacilli had high viable counts (>8.8 log
CFU/mL) and a short lag phase during 24 h of cultivation in CACE, CCAS, and CGUA.
Cultivation of probiotic lactobacilli in fruit coproducts promoted sugar consumption, medium
acidification, and production of organic acid content over time, besides increasing the contents
of several phenolic compounds and antioxidant activity. Probiotic lactobacilli cultivated in fruit
coproducts had increased survival rates after freeze-drying and during 120 days of refrigerated
storage. Still, Probiotic lactobacilli cultivated and freeze-dried in fruit coproducts had larger
subpopulations of live and metabolically active cells when exposed to simulated gastrointestinal
digestion. The results showed that fruit coproducts not only optimized the growth and helped
to keep the viability and metabolic activity of probiotic strains but also enriched the final
fermented products with bioactive compounds, being an innovative circular strategy for

producing high-quality probiotic cultures.

Keywords: Fruit coproducts; probiotic; fermentation; bacterial growth; cryoprotectants;

biotechnological application.
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1. Introduction

Tropical fruit production and commercialization have grown in recent years since
consumers have recognized their nutritional properties and presence of bioactive compounds,
besides having pleasant sensory characteristics. However, much fruit production is destined for
industrial processing that generates agro-industrial coproducts (Sayago-Ayerdi, 2021). Agro-
industrial coproducts have received attention due to their high content of nutrients and bioactive
compounds, being recognized as valuable biotechnological inputs in a circular reuse strategy
(Campos et al., 2020; Can-Cauich et al., 2017), such as substrates in fermentative processes and
to formulate new food ingredients with functional properties, including probiotic effects
(Aradjo et al., 2020; da Silva et al., 2023; Kapoor et al., 2020; Oliveira et al., 2020), to enhance
and add value to these matrices (Campos et al., 2020).

Probiotics are live microorganisms that confer health benefits on the host when
administered in adequate doses (Salminen et al., 2021). Commercial probiotic production
commonly involves several processes, such as fermentation, concentration, stabilization, and
storage. The careful choice of the cultivation media plays an important role in this continuous
process, ensuring the production of ready-to-use cultures that must be stable in terms of
maintaining viability and physiological functions to meet the health claim demands of the food
and pharmaceutical industries and consumers (Cheng et al., 2022; Fonseca et al., 2019).

The de Man, Rogosa, and Sharpe (MRS) broth is a widely used culture medium for the
laboratory-scale cultivation of probiotic lactobacilli. However, its large-scale commercial
application is difficult due to the high cost (Cejas et al., 2017), and more economical alternative
cultivation media that allow satisfactory probiotic cell multiplication favoring the production,
storage, and maintenance of bacterial viability have been investigated (Araujo et al., 2020;
Ayivi, 2022; Slizewska and Agnieszka, 2020). Acerola (Malphigia glabra L.), cashew

(Anacardium occidentale L.), and guava (Psidium guayaba L.) are tropical fruits widely used
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by the agro-food sector to produce a variety of derived food products, resulting in the formation
of coproducts mainly formed by peels and seeds (Ferreira et al., 2021) rich in vitamins, proteins,
soluble and insoluble fibers, phenolic compounds, and with high antioxidant activity (Angulo-
Lépez et al., 2021; Ferreira et al., 2021; S& et al., 2020). A previous study showed that acerola,
cashew, and guava coproducts exerted protective effects on Lactocaseibacillus paracasei L-10
and Lactocaseibacillus casei L-26 during freeze-drying and storage, and the reported
cryoprotective effects were primarily linked to the presence of sugars, oligosaccharides
(fructooligosaccharides), and phenolic compounds found in these coproducts (Araujo et al.,
2020). However, studies evaluating the use of tropical fruit processing coproducts as substrates
for culturing probiotics and their impacts on the survival, culturability, and functionality of
these microorganisms in an integrative approach from cultivation until long-term storage and
challenge with harsh conditions found during passage through the gastrointestinal tract ares till
scarce.

Considering that advances in biotechnology have driven the search for alternative
cultivation media that meet the growing demands for high-quality and sustainable probiotic
products, this study investigated the use of acerola, cashew, and guava processing coproducts
as resources to promote the growth, metabolite production, and/or maintenance of the viability
and functionality of the probiotics L. acidophilus LA-05 and L. paracasei L-10 during

cultivation, freeze-drying, storage, and exposure to simulated gastrointestinal digestion.

2. Material and methods

2.1 Preparation and physicochemical characterization of tropical fruit processing coproducts
Acerola (Malpighia glabra L., CACE), cashew (Anacardium occidentale L., CCAS),

and guava (Psidium guajava L., CGUA) coproducts, consisting of peels, seeds, and small

amounts of pulp, were obtained from a local fruit processing industry (Jodo Pessoa, PB, Brazil).
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Different batches were collected, totaling six kg of each coproduct. The samples were frozen (-
18 + 2 °C for 48 h) and freeze-dried using a benchtop freeze dryer (L1-101 model; LIOTOP®,
Séo Carlos, SP, Brazil; freeze-drying conditions: -55 * 2 °C, vacuum pressure <138 uHG, and
freeze-drying speed 1 mm/h, for approximately 12 h) (Araujo et al., 2020). The freeze-dried
material was crushed using a household grinder and sieved through a fine mesh (<1.0 mm). The
freeze-dried coproducts were stored at -18 = 2 °C in commercially sterilized hermetically sealed
laminated polypropylene bags for a maximum period of 15 days until use in the experiments.
The physicochemical parameters of the freeze-dried coproducts were determined using
standard procedures (AOAC, 2019) to obtain the moisture, ash, protein, and lipid contents.
Water activity (aw) was determined using an Aqualab water activity meter (Novasina,
Aqualab®, Series Model 3TE, USA). The physicochemical parameters of the freeze-dried
acerola, cashew, and guava coproducts used in this study are shown in Table 1 (Aradjo et al.,

2020).

2.2 Microorganisms, preparation of culture media, culture conditions, and growth kinetics
Two well-known probiotic lactobacilli strains were tested in this study, namely
Lactobacillus acidophilus LA-05 and Lacticaseibacillus paracasei L-10 (Araujo et al., 2020;
Duarte et al., 2017). For inoculum preparation, each strain was firstly grown anaerobically
(Anaerogen System Anaerogen, Oxoid, Wade Road, Basingstoke, UK) in de Man, Rogosa and
Sharpe broth (MRS; HiMedia, Mumbai, India) at 37 + 1 °C for 24 h, followed by new
cultivation under the same conditions until reaching the stationary growth phase (20 - 24 h)
(Araujo et al., 2020). These suspensions had viable cell counts of approximately 10 log
CFU/mL [with optical density (OD) reading at 625 nm (OD625) corresponding to 1.5] when

plated on MRS agar (HiMedia).
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The freeze-dried coproducts were individually suspended in sterilized distilled water
(5%, w/v) (Quintana et al., 2017), homogenized using a Turratec apparatus (model TE-102,
Tecnal, Piracicaba, SP, Brazil) and autoclaved (15 min, 121 °C, 1 atm). The suspensions were
subsequently used as cultivation media, namely CACE (acerola coproduct), CCAS (cashew
coproduct), and CGUA (guava coproduct).

The probiotic strains were individually inoculated into 100 mL of each tested culture
(fermentation) medium at a concentration of 2% (v/v) and incubated at 37 + 1 °C under shaking
(200 rpm) for 24 h. MRS broth was used as a control culture medium under the abovementioned
conditions. The growth of probiotic culture was monitored by counting viable cells and
determining the pH (AOAC, 2019) after zero (immediately after homogenization), 6, 12, 18
and 24 h. An aliquot (100 pL) was removed from each culture medium containing the probiotic
strain at each fermentation time interval, and used to determine the viable cell count. Serial
dilutions were performed (1:9 v/v, 107 - 10®) using sterilized saline solution (NaCl 8.5 g/L),
an aliquot from each dilution (100 pL) was inoculated on MRS agar, and incubated (37 + 1 °C,
48 h) under anaerobiosis (Anaerobic System Anaerogen). The results were expressed as a log
of colony-forming units per milliliter (log CFU/mL).

The results from pH values and viable cell counts were adjusted according to Eqg. 1 to

determine the lag phase duration and acidification rate (Romano et al., 2016):

Ho—pH
pH(t) =5 +pH; (Eq.1)

c

Where t is the time in h, pHo is the pH of the culture medium at time zero, pHs is the
pH of the culture medium when the stationary phase is reached, c is the time corresponding to
the inflection point, and p is an exponential adjustment factor. The lag phase was calculated as
the intersection between the tangent line at t=c and pHo. The acidification rate during the

exponential phase was calculated as the magnitude of the tangent line slope.
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2.3 Assessment of the bacterial metabolic activity during fermentation

The metabolic activity of the probiotic strains was evaluated by determining the sugar
and organic acid contents in the culture media at different fermentation intervals, i.e., zero
(immediately after homogenization), 12, and 20 h. The soluble and insoluble fiber contents,
phenolic compounds, antioxidant activity, and global metabolic profiling were determined at
zero and 20 h of fermentation. The time of up to 20 h of fermentation was selected to assess
bacterial metabolic activity, as it corresponded to the point at which strains of L. acidophilus
LA-05 and L. paracasei L-10 reached the stationary growth phase, representing the peak of

their metabolic activity in the culture media under investigation.

2.3.1 Determination of the sugar, organic acid, and phenolic compound contents

Initially, aliquots (2 mL) of the different fermentation media were centrifuged (4,000 x
g, 15 min, 4 °C), and the supernatants were filtered with a 0.45 um filter (Millex Millipore,
Barueri, SP, Brazil) to determine the contents of sugars and organic acids. In turn, aliquots (5
mL) of the different culture media were homogenized with 80% methanol (5 mL, Sigma-
Aldrich, St. Louis, MO, USA), centrifuged (9000 % g, 15 min, 4 °C), and the supernatants were
filtered through a 0.45 um filter (Millex Millipore) to determine the contents of phenolic
compounds. The contents of sugars, organic acids, and phenolic compounds were determined
with high-performance liquid chromatography using a liquid chromatograph (model 1260
Infinity LC, Agilent Technologies, St. Clara, CA, USA) and previously described analytical
conditions (Coelho et al., 2018; Padilha et al., 2017). The data were processed using the
OpenLAB CDS ChemStation Edition software (Agilent Technologies). HPLC sample peaks
were identified by comparing their retention times with sugar and organic acid standards (Sigma

Aldrich). Average peak areas were considered to quantify sugars and organic acids (Coelho et
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al., 2018; Padilha et al., 2017). The results were expressed in mg of phenolic compounds per

liter of culture medium (mg/L).

2.3.2 Determination of dietary fiber content and antioxidant activity

The insoluble and soluble fiber contents of the different cultivation media were
determined using an enzymatic-gravimetric method (Horwitz et al., 2005). An aliquot (2 mL)
of each culture medium was homogenized with 70% methanol (10 mL, Sigma-Aldrich), kept
at rest for 24 h at room temperature (25 + 1 °C), and filtered through a 125 mm filter (Whatman,
GE Healthcare, Chicago, IL, USA). The antioxidant activity was evaluated using the ABTS
(2,2-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid), DPPH (2,2-diphenyl-1-picrylhydrazyl),
and FRAP (ferric-reducing ability of plasma) methods. A microplate spectrophotometer
(BioTek Eon, Winooski, VT, USA) was used to read the absorbance at wavelengths of 734,
517, and 595 mm, respectively (Nascimento et al., 2022; Paula et al., 2022). The results were
expressed in Trolox umol equivalent per gram of sample (umol TEAC/g) for the ABTS and
DPPH methods and expressed in umol of ferrous sulfate equivalents per g of sample (umol

FeS0O4/g) for the FRAP method.

2.3.3 Global metabolic profiling

The global metabolic profiling of the culture media was determined using the Nuclear
Magnetic Resonance (NMR) technique. An aliquot (550 pL) of each fermented culture medium
was diluted with deuterium oxide (50 pL) with 0.01% TSP (tetramethylsilylpropanoic acid-d4
sodium salt) and placed in a tube (5 mm in diameter) for NMR analysis. The NMR experiments
were performed on a Bruker Ascend 400 NMR operating at 400 MHz for *H-NMR and 100
MHz for 3C-NMR (Bruker, Billerica, MA, USA). The following parameters were used to

obtain the spectrum sequence: noesygpprld; temperature: 26 °C; number of scans: 32; scan
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dummer: 4; receiver gain: 58.8; acquisition time: 4.08 s. Spectra were processed using the

Bruker TopSpin 4.1.1 software program (Sampaio et al., 2022).

2.4 Evaluation of the effects of fruit coproducts on the probiotic culturability after freeze-
drying and during refrigerated storage

An aliquot (1 mL) of each culture medium (CACE, CCAS, and CGUA) containing L.
acidophilus LA-05 or L. paracasei L-10 at the stationary growth phase (after 20 h of cultivation)
was neutralized with sodium hydroxide (NaOH; 0.1 M) until reaching pH 7 and transferred to
a glass vial under aseptic conditions. In turn, cultures in MRS broth (control) were neutralized
and resuspended in phosphate buffer saline (PBS; 0.1 M; pH 7.4) (Quintana et al., 2017). The
strains grown in each culture medium were frozen (-18 °C, 24 h) and freeze-dried (temperature
of -55 £ 2 °C, with vacuum pressure <138 uHG, freeze-drying rate of 1 mm/h), for
approximately 40 h using a benchtop freeze dryer (Liotop) (Garcia et al., 2018).

The freeze-dried strains were kept in desiccators with silica gel and stored under
refrigeration (4 £ 0.5 °C) for 120 days (Sampaio et al., 2021). After freeze-drying, viable cell
counts were determined at zero (immediately after freeze-drying), 30, 60, and 120 days of
refrigerated storage. For this, the strains were rehydrated with sterilized distilled water (1:9 v/v,
15 min, 25 + 1 °C), serial dilutions (1:9 v/v, 10— 10°) in sterilized saline solution (NaCl 8.5
g/L) were prepared, and an aliquot (10 pL) from each dilution was plated on MRS agar and
anaerobically incubated (37 °C, 48 h, Anaerogen Anaerobic System). The results were
expressed as log CFU/mL. Furthermore, the survival rate after freeze-drying was calculated

using the equation (Bagad et al., 2017):

CFU after freeze—drying

Survival rate (%) = x 100% (Eq. 2)

CFU before freeze—drying
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2.5  Enumeration of viable cell counts of probiotics during simulated gastrointestinal
digestion

The probiotic strains cultivated in the different media were subjected to simulated
gastrointestinal digestion immediately after freeze-drying and at 120 days of refrigerated
storage (4 £ 0.5 °C). The freeze-dried strains were rehydrated with sterilized distilled water (1:9
w/v; 25 £ 1 °C; 10 min) before starting the simulated gastrointestinal digestion. The oral
condition was simulated using 100 U/mL of a-amylase diluted in 1 mM CaCl, and pH adjusted
to 6.9 with 1 M NaHCO3 (exposure time of 2 min, 200 rpm). The stomach phase was simulated
using pepsin (25 mg) diluted in 0.1 M HCI (1 mL, 0.05 mL/mL sample ratio, exposure time
120 min, 37 £ 1 °C, 130 rpm). The intestinal phase was mimicked with pancreatin/L 0.1 M
NaHCO3 (2 g) and bovine bile salts (12 g/L) diluted in 0.1 M NaHCOs, and the pH adjusted to
6.0 (0.25 mL/mL of the sample, exposure time 120 min, 37 °C, 45 rpm) (de Albuquerque et al.,
2018). Reagents, enzymes, and bovine bile salts were purchased from Sigma-Aldrich.

The probiotic viable cell counts were determined after exposure to each step of the
simulated gastrointestinal digestion. For this, aliquots (100 uL) were taken from each simulated
gastrointestinal phase, serially diluted (1:9 v/v, 10* — 10) in sterilized saline solution (NaCl
8.5 g/L), aliquots (10 pL) of each dilution were inoculated on MRS agar, and incubated
anaerobically (37 + 1 °C, 48 h, Anaerogen, Oxoid Anaerobic System). The results were

expressed as log CFU/mL.

2.6 Assessment of the of probiotic cells after freeze-drying and during exposure to simulated
gastrointestinal digestion

The flow cytometry (FC) technique was used to monitor the physiological status of
probiotic cells cultivated in different media immediately after freeze-drying, at 120 days of

refrigerated storage (4 + 0.5 °C), and during exposure to each step of the simulated
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gastrointestinal digestion. The freeze-dried strains (immediately after freeze-drying and at 120
days of storage) were initially rehydrated with sterilized distilled water (2 mL, 10 min, 25 £ 1
°C), and aliquots taken from each simulated gastrointestinal phase. These samples were filtered
with a 1.0 um PVDF filter (Analysis, Sdo Paulo, SP, Brazil), centrifuged (4500 x g, 10 min, 4
°C), and washed twice with PBS (4500 x g, 10 min, 4 °C). Double labeling with propidium
iodide (PI, Sigma-Aldrich, 10 ug/mL, 25 + 1 °C, 15 min) and carboxyfluorescein diacetate
(cFDA, Sigma-Aldrich, 2.5 ug /mL, 25 £ 1 °C, 15 min) was performed to evaluate membrane
integrity and cellular metabolic activity, respectively, as previously described (Gandhi and
Shah, 2015; Stréduber and Muller, 2010). Subpopulations of cells characterized as PI-cFDA+
were considered as non-permeabilized with enzymatic activity (live cells), PI+cFDA+ were
considered permeabilized without enzymatic activity (dead cells), and PI-cFDA- were
considered as unstained cells (Paparella et al., 2008). The analyses were conducted on a flow
cytometer with argon laser emission at 488 nm (BD Accuri C6, Becton Dickinson, Franklin
Lakes, NJ, USA) operating under previously described analytical conditions (de Sousa Guedes
and de Souza, 2018). The results were expressed as the percent of cell subpopulations stained

in each detector.

2.7 Statistical analysis

The experiments were performed in triplicate on three distinct occasions. The results
were expressed as average + standard deviation. The Shapiro-Wilk normality test checked the
data normal distribution. The statistical analysis was performed using the Student’s t-test or
analysis of variance (ANOVA) followed by Tukey’s test to determine differences (P < 0.05).
NMR spectra processing was performed using the TopSpin 4.1.1 software program. The NMR
spectra were subjected to referencing, baseline correction, phase correction, alignment, removal

of the water peak at 5.07-4.60 ppm for normalization by the total spectrum area, and obtaining
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the binning spectrum with a range from 0.00 to 9.00 ppm and with buckets of 0.020 ppm.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were performed
using the Past software program (version 4.03). The data obtained from the binning spectrum

were subjected to area normalization, and the PCA data were obtained by cross-validation.

3. Results
3.1 Growth kinetics of probiotic lactobacilli during fermentation

The results of growth kinetics showed that the viable counts of L. acidophilus LA-05
and L. paracasei L-10 were overall higher in CACE, CCAS, and CGUA than in the control
medium (MRS broth) (P < 0.05). L. acidophilus LA-05 and L. paracasei L-10 had higher viable
cell counts in CGUA and CACE than in CCAS (P < 0.05). The exponential growth of L.
acidophilus LA-05 and L. paracasei L-10 in CGUA and CACE occurred until 24 h of
fermentation, while occurring until 18 h of fermentation in CCAS and control medium. The
viable cell counts of L. acidophilus LA-05 and L. paracasei L-10 at 24 h of fermentation did
not differ (P >0.05; 9.9 + 0.14 log CFU/mL) in CGUA, while viable cell counts of 9.83 £ 0.17
and 9.86 + 0.20 log CFU/mL and 8.96 + 0.24 and 8.80 + 0.14 log CFU/mL were found in CACE
and CCAS, respectively (Fig. 1A-B).

The pH in all inoculated media was reduced over time, indicating the capacity of L.
acidophilus LA-05 and L. paracasei L-10 of fermenting CACE, CCAS, and CGUA. CACE,
CCAS, and CGUA were more acidic (4.15 £ 0.09, 4.18 + 0.01, and 4.35 % 0.14, respectively)
than the control medium (6.02 + 0.05) at time zero (Fig. 1C-D). This difference in initial pH
may have contributed to the greatest acidification rates in the control medium fermented with
L. acidophilus LA-05 and L. paracasei L-10 (0.11 and 0.10 pH units/h, respectively) (Table 2).
However, only CACE, CCAS, and CGUA had pH < 4.0 at the end of the fermentation period

(Fig. 1C-D).
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L. acidophilus LA-05 and L. paracasei L-10 had a shorter lag time in CACE and CGUA
(1.36 and 1.22 h; 1.11 and 2.10 h, respectively) than in the control medium (4.27 and 2.44 h,
respectively) and CCAS (6.20 and 7.30 h, respectively) (Table 2). The acidification rate was
higher in CGUA fermented with L. acidophilus LA-05 and L. paracasei L-10 (0.03 and 0.03
pH units/h, respectively), followed by CACE (0.02 and 0.03 pH units/h, respectively) and

CCAS (0.01 and 0.01 pH units/h, respectively) (Table 2).

3.2 Metabolic activity of probiotic lactobacilli during fermentation

CCAS had higher glucose contents (P < 0.05) (9.13-9.17 g/L) than CACE (4.37-4.83
g/L) and CGUA (2.75-3.90 g/L) at time zero (Table 3), when fermented by both probiotic
lactobacilli. Fructose was the most predominant sugar in CCAS, CACE, and CGUA, with
CCAS having the highest fructose content (9.23-10.19 ¢g/L, P <0.05), followed by CACE (6.75-
7.73 g/L) and CGUA (5.30-6.53 g/L). L. acidophilus LA-05 and L. paracasei L-10 consumed
glucose and fructose available in CCAS, CACE, and CGUA since their contents were reduced
(P < 0.05) during fermentation (Table 3).

Lactic acid was overall the main organic acid produced by L. acidophilus LA-05 and L.
paracasei L-10 after 20 h of fermentation (stationary phase), and its contents increased (P <
0.05) over time regardless of the cultivation medium. However, higher lactic acid contents were
found in CGUA (3.84 g/L) and control medium (17.95 g/L) inoculated with L. acidophilus LA-
05 at the end of the measured fermentation period compared to time zero (P < 0.05). Acetic
acid content increased (P < 0.05) in all culture medium tested during fermentation, except when
CCAS was fermented by L. acidophilus LA-05, where a reduction (P < 0.05) in this organic
acid was observed after 20 h of fermentation. Citric acid content decreased (P < 0.05) during

fermentation regardless of the cultivation medium. Succinic acid content varied with the
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probiotic strain and culture medium tested during fermentation, with this organic acid being
predominant only in CCAS (7.37 - 8.84 g/L).

CACE, CCAS, and CGUA had a relevant soluble and insoluble dietary fiber content,
with an increase in their contents (P < 0.05) at 20 h of fermentation compared to time zero,
except for soluble fiber content that did not differ in CCAS and CGUA (P > 0.05), when
fermented by L. paracasei L-10. The content of insoluble fiber (2.80 +0.12 to 4.40 £ 0.15 g/100
g) was higher than of soluble fiber after 20 h of fermentation (Table 4).

The global metabolic profile of the different media inoculated with L. acidophilus LA-
05 and L. paracasei L-10 identified distinct sugars and organic acids at 20 h of fermentation.
Sugars, such as fructose, B-glucose, and o-glucose, as well as metabolites from sugar
metabolism, such as lactic acid/lactate, acetic acid/acetate, and ethanol, were detected in these
media during fermentation. PCA results (Fig. 1) located the fermentation media in the different
quadrants to group and/or move away according to the intensity of the spectra signals of the
detected compounds. CCAS fermented with L. acidophilus LA-05 and L. paracasei L-10, and
CACE fermented with L. acidophilus LA-05 were located in the upper right quadrant with
higher sugar contents at 20 h of fermentation. In contrast, CGUA fermented with L. acidophilus
LA-05 and L. paracasei L-10, and CACE fermented with L. paracasei L-10 were located in the
lower left quadrant, indicating the detection of lactic acid, acetic acid, and ethanol at 20 h of
fermentation. HCA results (Fig. 3) showed similarities in the metabolic profile between CCAS
fermented with L. acidophilus LA-05 and L. paracasei L-10 and CACE fermented with L.
acidophilus LA-05. On the other hand, there was a similarity in the metabolic profile of CGUA
fermented with L. acidophilus LA-05 and L. paracasei L-10 and CACE fermented by L.
paracasei L-10.

Several phenolic compounds were detected in the media fermented with L. acidophilus

LA-05 and L. paracasei L-10 (Table 5). Procyanidin B2, quercetin-3-glucoside, rutin, and



90

isorhamnetin were the phenolic compounds found at time zero and 20 h of fermentation of
CACE, CCAS, and CGUA. In turn, procyanidin A2 was found only at 20 h of fermentation in
all media fermented with L. acidophilus LA-05 and L. paracasei L-10, indicating its production
due to the probiotic fermentative activity. Similarly, procyanidin B1 was detected in all culture
media only after 20 hours of fermentation, whereas catechin was detected after 20 hours of
fermentation only in CCAS and CGUA. Other phenolic compounds, such as hesperidin, cis-
resveratrol, and trans-resveratrol, were detected only in CCAS fermented with L. acidophilus
LA-05 and L. paracasei L-10. Rutin and isorhamnetin contents increased in CACE, and cis-
resveratrol, procyanidin B2, and rutin contents increased in CCAS (P < 0.05) during
fermentation.

The antioxidant activity increased (P < 0.05) in CACE, CCAS, CGUA, and control
media fermented with L. acidophilus LA-05 and L. paracasei L-10 (Table 6). CACE had overall
the highest antioxidant activity (P < 0.05) after 20 h of fermentation, especially in the media
fermented with L. paracasei L-10 and when the antioxidant activity was measured with the
FRAP method (157.40 pmol FeSO4/g). The presence of phenolic compounds during
fermentation, as well as the increase in their contents in CACE, CCAS, and CGUA, may be

linked to the increased antioxidant activity in these media during fermentation.

3.3 Culturability, survival, and physiological status of probiotic lactobacilli during
fermentation, freeze-drying, storage, and exposure to simulated gastrointestinal digestion
The effects of freeze-drying on the culturability (log CFU/mL), viable cell count
reduction (log CFU/mL), and survival rate (%) of L. acidophilus LA-05 and L. paracasei L-10
during fermentation of the different media were also evaluated (Table 7). L. acidophilus LA-05

and L. paracasei L-10 had high viable cell counts (8.76 to 9.85 log CFU/mL) in the different
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tested media before freeze-drying, and these counts were reduced after freeze-drying (P < 0.05,
0.29 to 1.86 log CFU/mL).

However, L. acidophilus LA-05 and L. paracasei L-10 cultivated in CACE, CCAS, and
CGUA kept their culturability after freeze-drying with higher viable cell counts (P < 0.05; 7.77
to 9.45 log CFU/mL) than when cultivated in the control medium (7.08 to 7.15 log CFU/mL).
The lowest survival rates (P < 0.05) after freeze-drying were detected when L. acidophilus LA-
05 and L. paracasei L-10 were cultivated in the control medium, i.e. 78.26% and 80.76%,
respectively. The highest viable cell counts (9.35-9.45 log CFU/mL) and the highest survival
rates (95.84 - 96.97%) after freeze-drying were detected when the probiotic strains were
cultivated in CGUA (P < 0.05). These results indicate that cultivating L. acidophilus LA-05 and
L. paracasei L-10 in CACE, CCAS, and CGUA resulted in probiotic cell protection during
freeze-drying.

The viable cell counts (log CFU/mL) of L. acidophilus LA-05 and L. paracasei L-10
cultivated and freeze-dried in the different media were determined during 120 days of
refrigerated storage (Fig. 4). L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-
dried in CACE, CCAS, and CGUA had overall higher viable cell counts (4.75 £ 0.35 t0 9.55 +
0.21 log CFU/mL) during storage than when cultivated and freeze-dried in the control medium
(3.85+0.21to 7.15 £ 0.21 log CFU/mL) (Fig. 4A-B). The viable cell counts of L. acidophilus
LA-05 decreased (P < 0.05) during storage regardless of the culture medium. At 120 days of
storage, the viable cell counts of L. acidophilus LA-05 cultivated and freeze-dried in CACE
(6.30 £ 0.28 log CFU/mL) and CGUA (6.65 * 0.21 log CFU/mL) were higher (P < 0.05) than
when cultivated and freeze-dried in CCAS (4.85 + 0.35 log CFU/mL) and control medium (4.33
+ 0.25 log CFU/mL) (Fig. 4A).

The viable cell counts of freeze-dried L. paracasei L-10 decreased during storage (P <

0.05) regardless of the cultivation medium. More pronounced reductions occurred until 30 days
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of storage, especially when L. paracasei L-10 was cultivated and freeze-dried in the control
medium and CCAS (reductions of 1.36 = 0.04 and 1.25 + 0.36 log CFU/mL, respectively). L.
paracasei L-10 cultivated and freeze-dried in CCAS, as well as in the control medium, had
reductions of >3 log CFU/mL at 120 days of storage.

At 120 days of storage, the viable cell counts of L. paracasei L-10 cultivated and freeze-
dried in CACE (6.95 + 0.21 log CFU/mL) and CGUA (6.85 + 0.35 log CFU/mL) were higher
(P < 0.05) than in the control medium (3.85 + 0.21 log CFU/mL) and CCAS (4.75 £ 0.35 log
CFU/mL) (Fig. 4B). Overall, L. paracasei L-10 cultivated and freeze-dried in CACE, CCAS,
and CGUA had smaller viable cell count reductions during storage than when cultivated and
freee-dired in the control medium (P < 0.05), standing out the viable cell counts of >6 log
CFU/mL when the strains were cultivated and freeze-dried in CACE and CGUA during the
measured storage period.

L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in the different
tested media were exposed to simulated gastrointestinal digestion at days 1 and 120 of
refrigerated storage (Fig. 5). L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-
dried in CACE, CCAS, and CGUA had overall higher viable cell counts (P < 0.05) than when
cultivated and freeze-dried in the control medium during the simulated gastrointestinal
digestion.

At day 1 of refrigerated storage, L. acidophilus LA-05 and L. paracasei L-10 (P <0.05)
cultivated and freeze-dried in CACE had higher viable cell counts (6.88 £ 0.14 and 8.35 £ 0.16
log CFU/mL, respectively) when exposed to simulated mouth conditions than when cultivated
and freeze-dried in CGUA (6.64 + 0.32 and 7.96 + 0.21 log CFU/mL, respectively), CCAS
(5.89 £ 0.12 and 6.27 £ 0.05 log CFU/mL, respectively) and control medium (5.65 + 0.16 and
6.75 £ 0.29 log CFU/mL, respectively) (Fig. 5A and 5C). After exposure to the simulated

gastric conditions (pH 2.0), L. acidophilus LA-05 and L. paracasei L-10 (Fig. 5A and 5C)
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cultivated and freeze-dried in CCAE, CGUA, and CCAS had higher viable cell counts (P <
0.05, viable cell counts >5 CFU/mL) than when cultivated and freeze-dried in the control
medium (counts <4 CFU/mL). Similarly, after exposure to the simulated intestinal conditions
(pH 6.0), L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in CACE,
CCAS and CGUA had higher viable cell counts (P < 0.05; 4.50 + 0.06 to 5.22 = 0.11 log
CFU/mL) than when cultivated and freeze-dried in the control medium (2.64 = 0.34 to 3.51 £
0.04 log CFU/mL) (Fig. 5A and 5C).

At 120 days of refrigerated storage, L. acidophilus LA-05 and L. paracasei L-10
cultivated and freeze-dried in CACE and CGUA had higher viable cell counts (P < 0.05; 6.30
+ 0.14 t0 6.70 + 0.14 log CFU/mL) after exposure to simulated mouth conditions than when
cultivated and freeze-dried in CCAS (4.96 + 0.22 and 4.65 + 0.07 log CFU/mL, respectively)
and control medium (4.49 = 0.01 and 3.60 + 0.14 log CFU/mL, respectively) (Fig. 5B and 5D),
L. acidophilus LA-05 and L. paracasei L-10 (Fig. 5B and 5D) cultivated and freeze-dried in
CCAE, CCAS, and CGUS had higher viable cell counts after exposure to simulated gastric
conditions (pH 2.0) (P < 0.05; viable cell counts > 4 CFU/mL) than when cultivated and freeze-
dried in the control medium (viable cell counts < 3.5 CFU/mL). Similarly, L. acidophilus LA-
05 and L. paracasei L-10 cultivated and freeze-dried in CACE, CCAS, and CGUA had higher
viable cell counts after exposure to simulated intestinal conditions (pH 6.0) (P < 0.05; 3.70 +
0.28 to 5.70 £ 0.28 log CFU/mL) than when cultivated and freeze-dried in the control medium
(1.75 + 0.35 to 2.31 + 0.28 log CFU/mL) (Fig. 5B and 5D).

At 1 and 120 days of refrigerated storage the membrane integrity and metabolic activity
(cell functionality) of L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried
in different media and further exposed to simulated gastrointestinal digestion were evaluated
(Fig. 6). At 1 day of refrigerated storage and before exposure to simulated gastrointestinal

conditions, L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in CACE,
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CCAS, and CGUA had live cell subpopulation sizes (PI-cFDA+) ranging from 3.0 to 16.8%
(Fig. 6A and 6C), with the lowest live cell subpopulation size (P < 0.05) found for L.
acidophilus LA-05 cultivated and freeze-dried in the control medium (0.3%).

The most notable changes in the physiological status of cells during exposure to
simulated gastrointestinal conditions occurred after exposure to simulated gastric conditions, in
which L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in CACE,
CCAS, and CGUA had live cell subpopulation sizes ranging from 0.8 to 2.2% (Fig. 6A and
6C). L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in CACE (16.5%
and 18.8%, respectively), CGUA (10.1% and 12.1%, respectively), and CCAS (9.1% and 7.7%,
respectively) had higher live cell subpopulations at the end of the simulated gastrointestinal
digestion (intestinal phase) than when cultivated and freeze-dried in the control medium (P <
0.05). L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in the control
medium (37.5 to 48.7%) had the largest sizes of dead cell subpopulations at the end of the
simulated gastrointestinal digestion (Fig. 6A and 6C).

At 120 days of refrigerated storage, L. acidophilus LA-05 cultivated and freeze-dried in
CACE, CCAS, and CGUA (16.4 to 28.2%) had the highest live cell subpopulation sizes after
exposure to simulated gastric conditions (P < 0.05) (Fig. 6B and 6D). L. acidophilus LA-05
cultivated and freeze-died in the control medium (60.7%) and L. paracasei L-10 freeze-dried
and cultivated in CGUA (53.8%) had the highest dead cell subpopulation sizes (P < 0.05) at the
end of the simulated gastrointestinal digestion. However, at 120 days of refrigerated storage, L.
paracasei L-10 cultivated and freeze-dried in CGUA had higher viable cell counts (P < 0.05;
5.25 + 0.21 log CFU/mL) at the end of the simulated gastrointestinal digestion than when

cultivated and freeze-dried in the control medium (1.75 + 0.35 log CFU/mL) (Fig. 5D).
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These results overall demonstrate improved cell protection of L. acidophilus LA-05 and
L. paracasei L-10 cultivated and freeze-dried in CACE, CCAS, and CGUA at 1 and 120 days

of refrigerated storage when exposed to simulated gastrointestinal digestion.

4. Discussion

Lactobacilli probiotic cultivation has traditionally been conducted in conventional
culture media, often rich in ingredients of animal origin, such as whey, or based on vegetable
and synthetic substrates dependent on finite natural resources. Alternative cultivation media
must not only offer a more environmentally friendly approach but also advantages in terms of
cost, scalability, and product security. In this context, coproducts originating from the food
industry have been proposed as substrates for fermentation by probiotic bacteria to produce
more economical cultivation media and high-value-added molecules from probiotic metabolism
(Cejas et al., 2017; Duarte et al., 2017; Genevois et al., 2016; Quintana et al., 2017).

The results of this study showed the positive impacts of culture media containing
acerola, cashew, and guava coproducts on the growth and metabolic characteristics of probiotics
L. acidophilus LA-05 and L. paracasei L-10. These results are important for probiotic culture
production in terms of growth efficiency and metabolic quality. The nutritional richness and
availability of nutrients in CCAS, CGUA, and CACE allowed rapid adaptation of these
probiotics in the culture media, with viable cell counts varying from 8.8 to 9.9 log CFU/mL at
24 h of fermentation. The lower viable cell counts of L. acidophilus LA-05 and L. paracasei L-
10 in CCAS could be explained due to the lower protein and lipid concentrations detected in
this fruit coproduct, promoting less protection and, consequently, less multiplication of these
strains when compared to the culture media containing CGUA and CACE. Doses of 6 to 8 log
CFU/g (or mL) have been commonly reported as minimal for probiotics incorporated into a

food or formulation to produce consumer health benefits (Hill et al., 2014; Sampaio et al.,
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2021). The cultivation of L. acidophilus LA-05 and L. paracasei L-10 in CCAS, CGUA, and
CACE generated fermented products with viable cell counts above the minimal recommended
doses to achieve health-beneficial effects. Furthermore, the high availability and low
commercial value of these agro-industrial coproducts should represent an advantage for
producing probiotic cultures on a large scale since production costs can be reduced with their
use in biotechnological processes (Reddy et al., 2021).

Considering the aforementioned aspects, as well as the importance of choosing
appropriate media for cultivating probiotic bacteria on a large scale, the use of fruit coproducts
could be a promising and sustainable strategy to this end. Obtaining fermented products with
high L. acidophilus LA-05 and L. paracasei L-10 viable counts, combined with the economic
advantage provided by re-using fruit coproducts, highlights the potential feasibility of these
cultivation media in large-scale biotechnological processes. The choice of these substrates not
only strengthens the effectiveness of probiotic products but also contributes to optimizing
production costs, reinforcing an economically viable and ecologically sustainable approach
with potential application in the food and pharmaceutical industries (Chamorro et al., 2022;
Ruiz Rodriguez et al., 2021).

Cultivating L. acidophilus LA-05 and L. paracasei L-10 in CCAS, CGUA, and CACE
resulted in a shorter lag time and media acidification with lower pH values at the end of the
measured fermentation period. Furthermore, the capability of these media to prolong the
exponential growth of the tested probiotics until 24 h suggests greater bacterial efficiency in
using available nutrients during fermentation. Cultivation conditions, and especially the media
composition, can interfere with microbial growth kinetic parameters, i.e., the lag time duration,
maximum growth rate, and population density when reaching the stationary growth phase
(Slizewska and Chlebicz-Wajcik, 2020). The lag phase refers to the growth curve stage where

metabolic adaptations occur, and bacterial strains can grow in a new environment, although the
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lag phase can be extended under sublethal stress (Bisson et al., 2021). In this study, the lag
phase was longer when L. acidophilus LA-05 and L. paracasei L-10 were cultivated in CCAS,
with a lower acidification rate (pH units/h) and, consequently, a higher final pH. These results
agree with the lower viable cell counts of L. acidophilus LA-05 and L. paracasei L-10 in CCAS,
possibly due to the nutritional composition of this coproduct.

Fructose was the sugar most predominant in all culture media, followed by glucose and
maltose. The fermentation of CACE, CCAS, and CGUA by L. acidophilus LA-05 and L.
paracasei L-10 decreased the initial sugar contents and increased the organic acid contents,
especially of lactic acid and acetic acid contents in CACE and CGUA. A previous study showed
that L. acidophilus LA-5 and Lacticaseibacillus casei 01 fermented fruit purees (Spondias
purpurea L. [seriguela], Hancornia speciosa [mangaba], Mangifera indica L. var. ‘Rosa’ [rose
mango], and Malpighia emarginata D.C. [acerola]), resulting in a reduction in initial pH values
and glucose and fructose contents, with a consequent increase in lactic acid and acetic acid
contents (de Assis et al., 2021). Glucose is the preferred carbon source during bacterial
fermentation when compared to fructose and other sugars; however, L. acidophilus LA-05 and
L. paracasei L-10 were capable of metabolizing both glucose and fructose during CACE,
CCAS, and CGUA fermentation without negatively impacting bacterial multiplication
(Menezes et al., 2021; Mousavi and Mosavi, 2019).

Despite the initial difference in pH, the acidification of the cultivation media highlighted
the robustness of L. acidophilus LA-05 and L. paracasei L-10 in fermenting CACE, CCAS,
and CGUA. Lactic acid is the main carbohydrate metabolism product in lactic acid bacteria,
such as L. acidophilus LA-05 and L. paracasei L-10, besides being also possible to generate
other organic substances during fermentation, which can contribute to producing compounds
with beneficial effects on health and capable of altering the sensory characteristics of fermented

foods (Ayivi et al.,, 2020). Acetic acid is also produced by lactic acid bacteria during
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carbohydrate fermentation (Patrignani et al., 2017). In turn, citric acid and succinic acid are
naturally found in fruits and, consequently, in their coproducts, although some lactic acid
bacteria have the ability to produce these organic acids depending on the fermentation medium
(Eiteman and Ramalingam, 2015; Ho et al., 2015). In this study, citric and succinic acids were
detected in all culture media, with succinic acid being the most prevalent in CCAS regardless
of the inoculated Lactobacillus strain.

The global metabolic profiling of the different media fermented by L. acidophilus LA-
05 and L. paracasei L-10 evidenced the changes in the available compounds during
fermentation, confirming fructose and glucose as the substrates most predominant in the media,
as well as the generation of metabolites resulting from their fermentation, such as lactic and
acetic acids. This approach is consistent with previous studies that used NMR to analyze the
metabolic profile of fermented substrates, providing a comprehensive view of changes in the
composition of these substrates during fermentation, as well as the characterization of the
produced metabolites (Le et al., 2023; Markkinen et al., 2022; Hatzakis, 2019).

Principal Component Analysis (PCA) enables the exploration of patterns in global
metabolic profiling results and the identification of trends in metabolite formation (da Silva et
al., 2023; Sampaio et al., 2022). The PCA results showed a clear differentiation between the
culture media based on the compounds detected, making it possible to group culture media with
similar metabolic profiles. The similarity between CCAS fermented by L. acidophilus LA-05
and L. paracasei L-10 and CACE fermented by L. acidophilus LA-05 shows the influence of
the inoculated probiotic on the metabolites produced during fermentation. Likewise, the
similarity of metabolic profile between CGUA fermented by L. acidophilus LA-05 and L.
paracasei L-10 and CACE fermented by L. paracasei L-10 suggests consistent patterns
associated with these specific fermentation systems. These results agree with existing literature

regarding the influence of bacterial strains and fermentation conditions on final products (Lee
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et al., 2016). The ability to distinguish between different fermentation conditions based on the
metabolic profile is important to optimize the production of desired compounds and better
understand the metabolic processes of the probiotic lactobacilli used in this study.

The fruit coproducts tested in this study had a varied profile of phenolic compounds,
which are biologically active secondary metabolites widely found in fruits (Andrade et al.,
2019; Dantas et al., 2023), with recognized antioxidant properties (Kasprzak-Drozd, 2021;
Lima et al 2019; Sampaio et al., 2021). Additionally, phenolic compounds can stimulate
adhesion in the intestinal mucosa and protect probiotic cultures from unfavorable conditions,
such as the passage through the gastrointestinal tract (dos Santos et al., 2019; de Souza et al.,
2019). Recent studies have demonstrated that phenolic compounds can reduce inflammation
and improve the metabolic profile by stimulating the multiplication of beneficial bacterial
populations and increasing metabolite production in the intestinal environment (Alves et al.,
2023; Sampaio et al., 2021; de Souza et al., 2019).

The analysis of phenolic compounds in CACE, CCAS, and CGUA during fermentation
highlights the potential of these cultivation media for producing bioactive molecules. Although
the majority of the phenolic compounds were detected at the beginning of the fermentation,
some phenolic compounds, such as procyanidin A2 (found only after 20 h of fermentation),
rutin, isorhamnetin, cis-resveratrol, and procyanidin B2 had increased contents during
fermentation in CACE, CCAS, and/or CGUA, indicating a positive impact of the fermentation
of these media by L. acidophilus LA-05 and L. paracasei L-10 on their contents.

In agreement with the increase in the phenolic compound contents, it was also possible
to observe that the fermentation of CACE, CCAS, and/or CGUA by L. acidophilus LA-05 and
L. paracasei L-10 resulted in increased antioxidant activity. A previous study also reported that
fermentation of acerola and guava coproducts by lactic acid bacteria increased phenolic

compounds and antioxidant activity (Oliveira et al., 2020). This behavior could be associated
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with the use of dietary fibers by bacteria during fermentation, with consequent breakdown of
the plant cellular structure and release of more phenolic compounds bound to the fibrous matrix
(de Souza et al., 2019; Oliveira et al., 2020), impacting the antioxidant activity. Furthermore,
the presence of procyanidin B2, quercetin-3-glycoside, rutin, and isorhamnetin, as well as the
increased antioxidant activity in CACE, CCAS, and CGUA fermented by L. acidophilus LA-
05 and L. paracasei L-10 may confer additional benefits to consumer health, especially if used
as an ingredient to the food and/or pharmaceutical industry.

Fibers are divided into two groups, namely soluble (pectins, mucilage, and gums) and
insoluble fibers (cellulose, hemicellulose, lignins, and resistant starch) (Oliveira et al., 2022).
The tested fruit coproducts had soluble and insoluble fibers, with CACE and CGUA having
mostly insoluble fiber and CCAS having mostly soluble fiber. Soluble and insoluble fiber
contents increased overall during fermentation, contributing to promoting a more nutritious
product. This is particularly relevant considering the growing interest of consumers in
functional and healthy food products (de Albuquerque et al., 2019; Oliveira et al., 2022). Fibers
can serve as a substrate for metabolization by probiotic bacteria (Lima et al., 2023), as well as
for protecting bacterial cells against adverse environments, such as the gastrointestinal tract, or
in preservation bioprocesses, such as freeze-drying (Sampaio et al., 2021; da Silva et al., 2023).
Previous studies showed that plant matrices can prevent the dehydration of bacterial cell
membranes and, consequently, preserve cellular metabolism during drying processes (Araujo
et al., 2020; Genevois et al., 2017; Palavecino Prpich, 2023).

CACE, CCAS, and CGUA exerted a protective effect on the survival of L. acidophilus
LA-05 and L. paracasei L-10, preserving the culturability (viable cell count >7 log CFU/mL
and high survival rate, >86%) after freeze-drying. These results are important for the large-
scale production of these probiotics while maintaining viability. Likewise, greater protection

was observed for L. acidophilus LA-05 and L. paracasei L-10 cultivated and freeze-dried in
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CACE, CCAS, and CGUA during 120 days of refrigerated storage. These results indicate the
importance of these media in preserving the viability of probiotic strains when freeze-dried and
stored for a long period under refrigeration. The presence of compounds with cryoprotective
action, such as sugars (glucose and fructose), fibers, and phenolic compounds, in CACE,
CCAS, and CGUA may have favored better survival of the bacteria tested (Araujo et al., 2020;
Di et al., 2023; Sornsenee et al., 2022).

The protective effects of carbohydrates during freeze-drying and subsequent storage of
probiotic microorganisms have been reported in previous studies (Chotiko and Sathivel, 2014;
Tymczyszyn et al., 2012). Polysaccharides can offer physical protection to probiotic cultures
by fixing cells in the insoluble fiber matrix during dehydration processes (Araujo et al., 2020;
Genevois et al., 2016). Furthermore, protective agents with antioxidant activity, such as
phenolic compounds, can act to minimize reactive oxygen species (Tao et al., 2019).

CACE, CCAS, and CGUA improved the survival of L. acidophilus LA-05 and L.
paracasei L-10 during exposure to simulated gastrointestinal conditions. The resistance to
adverse conditions in the gastrointestinal tract is important to ensure that probiotics reach the
intestine in high doses to exert their beneficial effects on the host. Variations in pH, the presence
of digestive enzymes, high osmolarity, and the presence of bile may account for damage to the
cell membrane, DNA, and cellular proteins, leading to a loss of bacterial viability (Amund,
2016; Melchior et al., 2021), and strategies are needed to minimize the exposure of bacterial
cells to these adverse conditions and ensure their delivery in high viable counts and
functionality in the host organism.

CACE, CCAS, and CGUA limited the damage produced by freeze-drying and simulated
gastrointestinal digestion in L. acidophilus LA-05 and L. paracasei L-10 at 1 and 120 days of
refrigerated storage, resulting in higher living cell subpopulation sizes, i.e., intact and

metabolically active cells. Several structural and metabolic changes occur in bacterial cells
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when exposed to adverse conditions (Lima et al., 2019), such as changes in metabolism, cell
integrity, and plasma membrane fluidity (Cui et al., 2018; Lima et al ., 2023). These results
indicate the ability of culture media made from fruit coproducts to preserve the cellular
functionality of probiotics even after freeze-drying and exposure to stressful conditions of the

gastrointestinal tract.

5. Conclusion

The results showed that using CACE, CCAS, and CGUA as substrates to cultivate L.
acidophilus LA-05 and L. paracasei L-10 resulted in several benefits. These fruit coproducts
effectively stimulated probiotic growth, inducing bioactive metabolite production and increased
antioxidant activity during fermentation. CACE, CCAS, and CGUA increased the survival of
L. acidophilus LA-05 and L. paracasei L-10 to freeze-drying and helped to preserve their
culturability, membrane integrity, and metabolic activity during prolonged refrigerated storage
and exposure to simulated gastrointestinal digestion. Overall, CACE, CCAS, and CGUA not
only optimized the growth, viability, and functionality of the tested probiotic strains but also
enriched the final products with bioactive compounds, being an innovative and circular strategy

for producing high-quality probiotic cultures for the food industry.
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Figure captions

Figure 1. Growth kinetics (average * standard deviation, n: 3) of Lactobacillus acidophilus
LA-05 (A, C) and Lacticaseibacillus paracasei L-10 (B, D) in MRS broth (control [o]) and in
medium with acerola (Malpighia glabra L. [ A]), cashew (Anacardium occidentale L. [m]),
guava (Psidium guajava L. [e]) processing coproducts during 24 h of fermentation.

Figure 2. Principal component analysis (PCA) of acerola (Malpighia glabra L.), cashew
(Anacardium occidentale L.), and guava (Psidium guajava L.) processing coproducts based
on binning integrals of *H NMR spectra. (A) — Score plot; (B) — Loadings plot

Figure 3. Hierarchical cluster analysis (HCA) of acerola (Malpighia glabra L.), cashew
(Anacardium occidentale L.), and guava (Psidium guajava L.) processing coproducts based on
binning integrals of *H NMR spectra.

Figure 4. Viable cell counts (log CFU/g, average + standard deviation, n: 3) of Lactobacillus
acidophilus LA-05 (A) and Lacticaseibacillus paracasei L-10 (B) after freeze-drying in
medium with acerola (Malpighia glabra L., CACE [ A]), cashew (Anacardium occidentale L.,
CCAS [m]), and guava (Psidium guajava L., CGUA [e]) processing coproducts, and in the
control medium (de Mann, Rogosa, and Sharpe broth) [o], during 120 days of refrigerated
storage (4 + 1 °C).

Figure 5. Viable cell counts (log CFU/g, average + standard deviation, n: 3) of freeze-dried
Lactobacillus acidophilus LA-05 (A; B) and Lacticaseibacillus paracasei L-10 (C; D) in
medium with acerola (Malpighia glabra L., CACE [ A]), cashew (Anacardium occidentale
L.,CCAS [m]), and guava (Psidium guajava L., CGUA[e]) processing coproducts, and in the
control medium (de Mann, Rogosa, and Sharpe broth) [o], during simulated gastrointestinal
digestion at day 1 (A; C) and 120 (B; D) of refrigerated storage (4 + 1 °C).

Figure 6. Size of cell subpopulations (%, average + standard deviation, n: 3) of freeze-dried
Lactobacillus acidophilus LA-05 (A; B) and Lacticaseibacillus paracasei L-10 (C; D) in
medium with acerola (Malpighia glabra L., CACE), cashew (Anacardium occidentale L.,
CCAS), and guava (Psidium guajava L., CGUA) processing coproducts, and in the control
medium (de Mann, Rogosa, and Sharpe broth) during simulated gastrointestinal digestion at
day 1 (A; C) and 120 (B; D) of refrigerated storage (4 + 1 °C). F: after freeze-drying; M: mouth;
phase; G: gastric phase; I: intestinal phase.
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Table 1. Gross composition and water activity (average + standard deviation, n = 3) of
freeze-dried acerola (Malpighia glabra L., CACE), cashew (Anacardium occidentale L.,
CCAYS), and guava (Psidium guajava L., CGUA) coproducts.

Centesimal composition Acerola Cashew Guava

aw' 0.31 £0.01° 0.19 + 0.00° 0.34 + 0.00°
Moisture (g/100 g) 8.63+0.18° 9.59 +0.20? 7.56 +£0.17¢
Ash (g/100 g) 1.71 £ 0.043 1.54 +0.04° 1.64 +0.012
Protein (g/100 g) 8.48 +£0.11° 6.62 + 0.04° 9.26 + 0.10
Lipids (g/100 g) 5.21 +£0.14° 3.88 +0.10° 13.19 + 0.29?

1a,: water activity.

ac. Different letters on the same row denote differences (p < 0.05) among fruit coproducts, based on Tukey's

test.
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Table 2. Growth kinetics parameters (average + standard deviation, n: 3) of Lactobacillus acidophilus LA-
05 and Lacticaseibacillus paracasei L-10 in medium with coproducts of acerola (Malpighia glabra L.,
CACE), the cashew apple (Anacardium occidentale L., CCAS), guava (Psidium guajava L., CGUA), or
control (de Man, Rogosa and Sharpe broth, MRS).

Lactobacillus acidophilus LA-05

Lag time (h) Medium acidification pH (final) R?
rate (pH units/h)
Control 4.27 0.11 3.95 0.985
CACE 1.36 0.03 3.46 0.998
CCAS 6.20 0.01 3.99 0.993
CGUA 1.22 0.03 3.53 0.998
Lacticaseibacillus paracasei L-10
Lag time (h) Medium acidification pH (final) R?
rate (pH units/h)
Control 2.44 0.10 4.22 0.987
CACE 1.11 0.02 3.61 0.997
CCAS 7.30 0.01 3.94 0.989

CGUA 2.10 0.03 3.85 0.999




Table 3. Sugars and acids contents (g/L, average * standard deviation, n: 3) in medium with coproducts of acerola (Malpighia glabra L., CACE), cashew (Anacardium

occidentale L., CCAS), guava (Psidium guajava L., CGUA), or control (de Man, Rogosa and Sharpe broth, MRS) at zero, 12 and 20 h of fermentation. ;49

Lactobacillus acidophilus LA-05

Lacticaseibacillus paracasei L-10

Parameters Samples Incubation times (h) Incubation times (h)
Oh 12 h 20 h Oh 12 h 20 h

Sugars (g/L)

Glucose Control 22.23 +£0.9042 12.95 + 0.1552 0.49 + 0.05%° 18.67 + 0.03"2 13.27 + 0.0382 2.31+0.07¢°
CACE 4.37 +£0.114¢ 4.04 + 0.035¢ 0.29 + 0.02¢¢ 4.83 + 0.044° 4.26 + 0.088¢ 1.77 £ 0.12¢¢
CCAS 9.17 +0.097° 8.34 +0.165° 4.22 +0.01B2 0.13 + 0.04%° 5.52 + 0.09 BP 3.79 £ 0.06%
CGUA 3.90 + 0.047d 3.04 +0.01Bd 0.47 £ 0.07%° 2.75 + 0.087¢ 2.06 + 0.065¢ 0.64 + 0.06%¢

Fructose Control 0.64 + 0.02Ad 0.32 +0.048 <LOD 0.49 + 0.09A¢ 0.51 + 0.06”¢ 0.08 + 0.02Bd
CACE 6.79 +0.087° 6.41 + 0.08BP 3.16 + 0.06%¢ 7.73 £0.017° 7.41 +0.03B° 3.79 + 0.06%°
CCAS 10.19 + 0.05%2 9.55 +(.12B2 9.15 + 0.06% 9.23 +0.0172 9.22 +0.0742 8.38 + 0.04B2
CGUA 6.53 + 0.107° 5.89 + 0.065¢ 3.72 +£0.08% 5.30 + 0.06° 4.93 + 0.098¢ 3.25 + 0.05%¢

Maltose Control 0.66 + 0.03”2 0.35 + 0.06%2 <LOD 0.48 + 0.08"2 0.47 + 0.05"2 <LOD
CACE 0.58 + 0.047° 0.11 + 0.028¢ <LOD 0.12 + 0.01B 0.16 + 0.024¢ 0.18 + 0.04%2
CCAS 0.30 + 0.03%¢ 0.32 +0.06”2 0.36 +0.0172 0.36 +0.017° 0.32 +0.01B° 0.24 + 0.05%
CGUA 0.25 + 0.01Ad 0.18 + 0.01B° <LOD 0.20 + 0.01%¢ 0.12 + 0.01B¢ <LOD

Acids (g/L)

Citric acid Control 1.44 +0.08"2 0.97 +0.03% 0.50 + 0.04%2 1.24 +0.017° 1.11 +0.10%2 0.55 + 0.01¢2
CACE 1.31 + 0.047° 0.79 + 0.08B° 0.08 + 0.01¢° 1.38 +0.08"2 1.23 +£0.09%2 0.23 +0.01B¢
CCAS 0.14 + 0.01%¢ 0.06 + 0.01B¢ 0.04 + 0.01B¢ 0.42 + 0.047¢ 0.34 + 0.01B° 0.32 + 0.01%°
CGUA 1.33 £ 0.03° 0.78 + 0.03B° 0.47 +0.08% 1.09 + 0.015¢ 1.14 +£0.03" 0.14 + 0.02%

Latic acid Control 1.04 + 0.0452 0.84 +0.09 17.95 + 0.55"2 0.69 + 0.0552 0.66 + 0.0652 9.55 + 0.0442
CACE 0.67 + 0.048° 0.71 + 0.028° 3.68 + 0.044¢ 0.46 + 0.01B¢ 0.40 + 0.04%¢ 2.77 £ 0.02°°
CCAS 0.69 + 0.114° 0.65 + 0.014¢ 0.59 + 0.04Ad 0.68 +0.0172 0.56 + 0.01B° 0.45 + 0.04%
CGUA 0.66 + 0.05 " 0.85 + 0.0482 3.84 + 0.097° 0.53 + 0.01B° 0.37 £0.04°¢ 2.30 + 0.01%¢

Acetic acid Control 4.24 +0.12B2 2.60 + 0.08%2 4.68 +0.13" 2.82 +0.08% 3.08 + 0.1082 3.55 + 0.0142
CACE 0.20 + 0.03%P 0.31 +0.01B° 1.50 + 0.15"° 0.16 + 0.03B° 0.18 + 0.048° 0.94 + 0.07A¢
CCAS 0.35 + 0.144° 0.14 + 0.01B¢ 0.18 + 0.068¢ 0.23 + 0.08 58" 0.13 +0.01° 0.40 + 0.01A¢
CGUA 0.15 + 0.06%° 0.30 + 0.03B° 1.25 + 0.014¢ 0.16 + 0.01B° 0.12 + 0.02° 1.08 + 0.047°

Succinic acid Control <LOD 0.37 + 0.048 0.44 + 0.08”¢ <LOD <LOD 0.50 + 0.08”¢
CACE 1.94 + 0.024¢ 2.08 + 0.044° 2.05 + 0.097° 2.22 + 0.03*° 1.94 +0.07¢¢ 2.11 + 0.03°5¢
CCAS 7.37 £0.0852 8.73 + 0.09% 8.73 £ 0.0742 8.84 + 0.0272 8.40 + 0.03% 8.45 + 0.0182
CGUA 2.41 +0.087° 2.26 + 0.018° 2.09 + 0.04¢° 2.03 £ 0.01¢¢ 2.14 + 0.018° 2.28 + 0.02°

A-C: Different superscript capital letters in the same row denote differences (p < 0.05) between fermentation times, based on Student’s t-test or Tukey’s test; a—d: Different superscript small letters in
the same column, for the same time interval and measured parameter, denote difference (p < 0.05), based on Student’s t-test or Tukey’s test. <LOD: below the limit of detection (fructose and maltose:
0.02 g/L; lactic acid, citric acid and succinic acid: 0.03g/L; acetic acid: 0.01 g/L).
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Table 4. Fiber contents (%, average * standard deviation, n: 3) in medium with coproduct of acerola
(Malpighia glabra L., CACE), cashew (Anacardium occidentale L., CCAS), or guava (Psidium guajava
L., CGUA) at zero and 20 h of fermentation.

Lacticaseibacillus
paracasei L-10

Lactobacillus
acidophilus LA-05

Fiber contents Incubation times (h)

(9/100 g)

Samples Oh 20 h 20 h
Insoluble fiber CACE 2.90 + 0.20%2 3.35 +(.22B° 4.35 +(.15%
CCAS 1.45 +0.13%° 2.25 + 0.108¢ 2.80 + 0.124°
CGUA 2.70 +0.1982 4.30 + 0.1272 4.40 + 0.15%2
Soluble fiber CACE 0.95 + 0.188P 1.20 + 0.18B¢ 1.55 + 0.10%2
CCAS 1.70 + 0.1082 2.65 + 0.25%2 1.65 + 0.1582
CGUA 1.55 + 0.28"2 1.65 + 0.08*° 1.80 + 0.20"2
Total fiber CACE 3.85 +0.20%° 4.55 + 0.20°° 5.90 +0.13%2
CCAS 3.15 + 0.15% 4.90 + 0.237° 4.45 + 0.168°
CGUA 4.25 + 0.2082 6.05 + 0.10%2 6.20 +0.18%2

A-C: Different superscript capital letters in the same row denote differences (p < 0.05), based on Tukey’s test; a—c: Different
superscript small letters in the same column, for the same time interval and measured parameter, denote difference (p < 0.05),
based on Tukey’s test.
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Table 5. Phenolic compounds contents (g/L, average + standard deviation, n: 3) in medium with
coproduct of acerola (Malpighia glabra L., CACE), cashew (Anacardium occidentale L., CCAS), or
guava (Psidium guajava L., CGUA) at zero and 20 h of fermentation.

Lactobacillus acidophillus LA-05 Lactobacillus paracasei L10

Z:Z?S'C compounds Samples  Incubation times (h) Incubation times (h)
Oh 20 h Oh 20 h
Hesperidin CACE <LOD <LOD <LOD <LOD
CCAS 3.42 +0.21% 3.02+0.26% 3.35+0.28" 3.03+0474
CGUA <LOD <LOD <LOD <LOD
Cis-resveratrol CACE <LOD <LOD <LOD <LOD
CCAS 2.89 + 0.055 7.52+0.69%% 292+0.09% 7.19 +0.09%
CGUA <LOD <LOD <LOD <LOD
Procyanidin B1 CACE 5.30 + 0.18B* 3.80 £0.86°> 6.76 +0.45% 3,98 +(.82¢
CCAS <LOD 3.10+0.85° <LOD 4.24 + 0.3
CGUA 6.45+0.07%  577+0.15% 6.38+0.43% 3.98 +0.09%
Catechin CACE <LOD <LOD <LOD <LOD
CCAS 4.70 £ 0.438 539+0.16" 547+0.200 5.21 +0.05"
CGUA <LOD 4.66 +0.1°° <LOD 4.21 +0.15°
Procyanidin B2 CACE 6.63 + 0.08%* 6.88 £ 0.135%¢ 753 +0.30"° 6.23 +0.12°°
CCAS 5.16 + 0.085¢ 7.18+0.14"° 496 +0.148¢ 7.14+0.05%2
CGUA 8.02 £ 0.02%¢ 7.88+0.26" 8.35+0.36"* 6.90 +0.125°
Procyanidin A2 CACE <LOD 7.21 +0.075¢ <LOD 7.74 £0.127°
CCAS <LOD 8.55 +0.18"° <LOD 8.24 +0.07%
CGUA <LOD 9.80 + 0.22”2 <LOD 7.44 +0.265°
Trans-resveratrol CACE <LOD <LOD <LOD <LOD
CCAS 6.82 + 0.09* 5.69 + 0.288 6.16 +0.53% 596 + 0.53B
CGUA <LOD <LOD <LOD <LOD
Myricetin CACE 1.38 +0.23%* <LOD 2.33+0.18*° <LOD
CCAS 8.48 + 0.165¢ 8.28 £0.27% 834 +0.16% 9.05+0.19%
CGUA 1.64 + 0.09%* 1.46 £0.29%° 2.01+0.10°° 1.84 +0.15%°
Quercetin 3-glucoside CACE 278 +0.128*  2.41+0.18°° 3.04+0.11"° 2.49+0.02%°
CCAS 1.96 + 0.38E¢ 1.83 £0.248¢  2.09 +0.208¢ 3.29 + 0.62"¢
CGUA 3.10 £ 0.01% 3.26+£0.38% 336+0.17% 2.41+0.36%
Rutin CACE 1.22 +0.28 6.13+0.08%°  2.04 +0.04°®  6.65 +0.18"°
CCAS 1.08 + 0.05% 9.02 +0.03%% 1.36+0.25°° 9.72 +0.072
CGUA 1.38 £ 0.01%¢ 1.28 £0.08% 154 +0.09%° 1.46 + 0.29”°
Isorhamnetin CACE 1.24 + 0.05% 9.39+0.56" 1.30+0.09°° 8.60 + 0.07°2
CCAS 5.88 +0.18% 541 +0.74%° 6.03+0.22%¢ 455+ 0.055°
CGUA 1.52 + 0.047¢ 1.36 £ 0.05%¢ 168 +0.13** 1.10 +0.18

A-D: Different superscript capital letters in the same row denote differences (p < 0.05), based on Student’s t-test or Tukey’s
test; a—c: Different superscript small letters in the same column, for the same time interval and measured parameter, denote
difference (p < 0.05), based on Student’s t-test or Tukey’s test. <LOD: below the limit of detection.
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Table 6. Activity antioxidant in medium with coproduct of acerola (Malpighia glabra L.,
CACE), cashew (Anacardium occidentale L., CCAS), guava (Psidium guajava L., CGUA), or
control (De Man, Rogosa e Sharpe broth, MRS) at zero and 20 h of fermentation.

Lactobacillus Lacticaseibacillus
acidophilus LA-05 paracasei L-10

Activity Incubation times (h)
antioxidant Samples Oh 20 h 20 h
FRAP (umol  Control 4,50 +0.20% 4.20 + 0.25" 3.50 + 0.52A
FeSO./qg) CACE 64.60 + 0.31¢ 106.10 + 0.3252 157.40 + 0.60%2
CCAS 24.10 + 0.15 44.20 + 0.207° 29,50 + 0.065°
CGUA 8.00 + 0.18° 36.50 + 0.15”° 11.40 +0.13B¢
ABTS (umol  Control 2.75 +0.25% 8.53 +0.10% 11.50 +0.21%¢
TEAC/g)* b 5 A
CACE 17.71 £ 0.40 50.65 + 0.235¢ 72.34 +0.42%
CCAS 11.21 +0.21¢¢ 56.20 + 0.144° 35.21 + 0.355°
CGUA 22.89 +0.12% 57.73 +0.25" 28.85 + 0.165¢
DPPH (umol  Control 3.54 + 0.417° 4.45 + 0.52A 4.33 +0.10"
TEAC/g)*
CACE 4.69 +0.3052 10.03 + 0.4472 10.45 + 0.2472
CCAS 3.95 +0.23¢P 6.29 + 0.107° 5.39 + 0.18%¢
CGUA 3.80 +0.16%P 5.83 + 0.25¢ 9.51 + 0.147°

A-C: Different superscript capital letters in the same row denote differences (p < 0.05), based on Tukey’s test; a—
d: Different superscript small letters in the same column, for the same time interval and measured parameter,
denote difference (p < 0.05), based on Tukey’s test.

The results are expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per gram of sample
(umol TEAC/g). Abbreviations: FRAP, ferric reducing ability of plasma. ABTS™, cation - 2,2-azino-bis (3-
etilbenzo-tiazoline)-6-sulfonic acid. DPPH', cation - 2,2- diphenyl-1-picrylhydrazyl.
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Table 7. Viable cell counts (log CFU/mL, average * standard deviation, n: 3) of Lactobacilllus
acidophilus LA-05 and Lacticaseibacillus paracasei L-10 before and after freeze-drying in medium
with coproduct of acerola (Malpighia glabra L., CACE), cashew (Anacardium occidentale L., CCAS),
guava (Psidium guajava L., CGUA), or control (De Man, Rogosa e Sharpe broth, MRS).

i;g\;:rr;g Lactobacillus acidophilus LA-05
Before After Average log Survival rate %
freeze-drying freeze-drying reduction
Control 9.00 + 0.14%° 7.13 +0.205¢ 1.86 + 0.06% 79.26 + 1.03¢
CACE 9.85 +0.0742 8.92 + 0.058P 0.93+0.01° 90.55+ 0.07"
CCAS 8.94 + 0.08"° 7.77+0.165¢ 1.17 +£0.08° 86.90 + 1.07°
CGUA 9.75 + 0.07% 9.45 +0.0752 0.29 + 0.00¢ 96.97 £ 0.09%
Lacticaseibacillus paracasei L-10
Before freeze- After Average log Survival rate %
drying freeze-drying reduction
Control 8.76 + 0.127° 7.08 + 0.285¢ 1.68 +0.16° 80.76 +2.11¢
CACE 9.82 +0.10% 8.86 + 0.025° 0.96 +0.08° 90.23 + 0.75°
CCAS 9.01 +0.15"° 7.86 + 0.045° 1.15+0.11° 87.24 +1.03°
CGUA 9.75 + 0.06" 9.35+0.0752 0.45+0.01° 95.84 + 0.09?

A-B: Different superscript capital letters in the same row denote differences (p < 0.05), based on Student’s t-test; a—d:
Different superscript small letters in the same column denote difference (p < 0.05) between cultivation media, based on

Tukey’s test.
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APENDICE C — ARTIGO II

Fermenting acerola (Malpighia emarginata D.C) and guava (Psidium guayaba L.) fruit
processing co-products with probiotic lactobacilli to produce novel potentially synbiotic

circular ingredients

Abstract: This study evaluated the effects of acerola and guava fruit processing by-products
fermented with probiotic Lactobacillus acidophilus LA-05 and Lacticaseibacillus paracasei L-
10 on the abundance of different intestinal bacterial groups and microbial metabolic activity
during 48 h of in vitro fecal fermentation. Digested fermented fruit by-products increased the
relative abundance of beneficial bacterial groups while overall decreasing or maintaining the
relative abundance of not beneficial bacterial groups, indicating putatively selective stimulatory
effects on beneficial bacterial intestinal populations. The by-products stimulated microbial
metabolic activity due to the decrease in pH, sugar consumption, short-chain fatty acid
production, phenolic compound and metabolic profile alteration, and high antioxidant capacity
during fecal fermentation. The results suggest that fermented fruit by-products could induce
beneficial changes in the relative abundance of several bacterial groups, as well as in the
metabolic activity of the human intestinal microbiota, being novel and circular candidates for

use as symbiotic ingredients.

Keywords: fruit waste; probiotic; prebiotic; gut microbiota; functional ingredient; metabolism.

1. Introduction

Fruits and fruit-derived food products have attracted greater consumer interest in the
last decades due to their nutritional contents and bioactive components associated with several

health-promoting properties [1]. Brazil is considered one of the world's largest tropical fruit
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producers. Acerola (Malpighia emarginata D.C.) and guava (Psidium guajava L.) are among
the most popular tropical fruits cultivated in Brazil, being recognized for their high acceptance,
nutritional value, variety of bioactive compounds, and reported beneficial effects on consumer
health [2, 3].

Most of the acerola and guava production is destined for processing to produce juices,
frozen pulp, sweets, and jellies, with the generation of high quantities of agro-industrial by-
products [4, 5]. The reuse of these by-products represents a relevant strategy for the circular
economy linked to the agro-food sector, prolonging the life cycle, reducing waste, and making
wise use of the available resources [6]. Acerola and guava by-products consist mainly of peels,
seeds, and remaining part of the pulp, representing a natural source of several bioactive
compounds, including ascorbic acid, phenolic compounds, carotenoids, and dietary fiber, that
could be exploited as functional ingredients for the food and pharmaceutical industry due to
their well-known antioxidant and/or potential prebiotic properties [7-10].

Prebiotics are recognized as compounds that resist gastric acidity, not being hydrolyzed
by the upper part of the gastrointestinal tract, reaching the colon to be fermented by the
beneficial intestinal microbiota, including probiotics, providing beneficial effects to health,
such as improving digestive system function and immunological response [11, 12].
Furthermore, phenolic compounds found in fruit by-products are metabolized by the colonic
microbiota and exert different physiological effects, including a local effect in modulating the
intestinal microbiota [5, 13, 14].

Studies on the effects of fruit by-products fermented by probiotics on the intestinal
microbiota are still scarce. Few studies have evaluated in vitro the potential prebiotic properties
of fruit by-products, reporting stimulatory effects on the growth and metabolism of probiotic
Lactobacillus and Bifidobacterium, in addition to increasing the production of short-chain fatty

acids [15, 16]. Lactobacillus spp. is typically added to commercial probiotic and fermented
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products due to its reported health benefits and safe human use [17]. Lactobacillus acidophilus
and Lacticaseibacilus paracasei (previously referred to as Lactobacillus paracasei) are among
the Lactobacillus species most widely used as probiotics and linked to improvements in
intestinal microbiota [18], in addition to having satisfactory fermentative abilities [19, 20].

The Lactobacillus genus is commonly used as starters and co-starters in producing
fermented products with good survival in low pH products during fermentation and
refrigeration storage [21]. The fermentation of acerola and guava by-products with probiotic
lactobacilli was previously shown as an effective strategy to improve their physicochemical
characteristics, bioactive compound profile, and antioxidant properties [22]. Several factors
have been linked to the emergence of fruit-based fermented products as carriers of probiotics,
such as lactose intolerance, sensitivity to milk protein, and adoption of specific diet patterns
(e.g., vegan, paleo, and flexitarian) [23]. The combination of potentially prebiotic fruit by-
products and probiotic strains could represent an advantage in producing novel symbiotic
products, which could be more effective than either probiotics or prebiotics alone to affect
beneficially the intestinal microbiota and induce physiological outcomes [20, 24].

This study hypothesized that the fermentation of acerola and guava by-products with
probiotics could produce novel symbiotic ingredients with beneficial effects on human
intestinal microbiota. To test this hypothesis, this study performed a submerged fermentation
of acerola and guava by-products with probiotic L. acidophilus and L. paracasei strains and
evaluated the effects of the obtained fermented products on the abundance of different bacterial
populations and metabolic activity of human intestinal microbiota during an in vitro fecal

fermentation with a pooled human fecal inoculum.

2. Materials and Methods

2.1 Preparation of fruit processing by-products
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The by-products (peel, seeds, and pomace) of acerola (Malpighia emarginata D.C.) and
guava (Psidium guayaba L.) were obtained from a fruit pulp processing industry (Jodo Pessoa,
PB, Brazil). The samples were collected from four fruit pulp processing batches, totaling
approximately 4 kg for each fruit. Each type of fruit by-product was separately packaged in
plastic bags, frozen at -18 °C for 24 h, and then freeze-dried (-55 °C, vacuum pressure of <138
uHg, freeze-drying rate of <1 mm/h, approximately 12 h) using a benchtop freeze dryer (model
LI-101; LIOTOP®, Sdo Carlos, Brazil). The freeze-dried material was grounded using a
domestic blender (low speed for 10 min) and sieved through a fine mesh to obtain a powder
with an average particle size of <1.0 mm. The powdered product was stored at -18 + 2 °C in
hermetically sealed polypropylene bags. The physicochemical characteristics of acerola and
guava processing by-products were reported in previous studies [4, 22], highlighting the high
contents of soluble and insoluble fiber, strong antioxidant capacity, and presence of a wide
variety of phenolic compounds, as summarized in Table S1 (Supplementary material data).

Freeze-dried fruit by-products were individually suspended in distilled water (5% w/v),
homogenized using an Ultra Turrax T25 (IKA, Staufen im Breisgau, Germany), and autoclaved

(1,5 atm, 15 min, 121°C).

2.2 Microorganisms and fermentation conditions

Two well-known probiotic strains, Lactobacillus acidophilus LA-05 and
Lacticaseibacillus paracasei L-10 [25-27] were used in this study. Stock cultures were
maintained in de Man, Rogosa, and Sharpe (MRS; HiMedia, Mumbai, India) broth containing
glycerol (150 g/L) at -20 °C. For inoculum preparation, the strains were anaerobically cultured
(Anaerogen System Anaerogen, Oxoid) in MRS broth at 37 °C for 24 h. The resulting culture
was inoculated (1%, v/v) in fresh MRS broth and incubated under the same conditions until

reaching the stationary growth phase (20 — 24 h) [4]. These suspensions had viable cell counts
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of approximately 10 log CFU/mL [with optical density (OD) reading at 625 nm (ODs2s)
corresponding to 1.5]. The probiotic suspensions were inoculated individually in 100 mL of
acerola or guava by-product suspension with an inoculum concentration of 2% (v/v), followed
by incubation at 37 °C for 20 h with agitation (200 rpm). The samples with 20 h of fermentation
were selected considering the results of preliminary experiments showing that the highest viable
cell counts (i.e., approximately 9 log CFU/mL) of the tested probiotics in acerola and guava by-
products suspensions were reached at this fermentation time (late exponential growth phase),

being followed by a decline in viable cell counts over time.

2.3 Freeze-drying of fermented fruit by-products

Aliquots (10 mL) of fermented acerola or guava suspensions were neutralized with
NaOH to pH 7, transferred aseptically to glass vials, frozen at — 18 °C for 24 h, and freeze-dried
for 40 h (=55 £ 2 °C; vacuum pressure <138 pHg, freeze-drying speed of 1 mm/h) using a
bench-top freeze-dryer (model L-101, Liotop) [28]. The fermented acerola and guava by-
products had probiotic viable cell counts of >9 log CFU/mL when inoculated in MRS agar
(HiMedia) at 37 + 0.5 °C for 24 h. The freeze-dried fermented acerola and guava by-products
were stored in desiccators with silica gel (4 £ 0.5 °C) [29]. Four distinct freeze-dried fermented
suspensions were produced: i) acerola co-product/s + L. paracasei L-10, named AL10; ii)
acerola co-product/s + L. acidophillus LA-05, named ALAS; iii) guava co-product/s + L.
paracasei L-10, named GL10; and iv) guava co-product/s + L. acidophilus LA-05, named
GLA5. The different freeze-dried fermented suspensions were tested separately in the

experiments.

2.4 Simulated gastrointestinal digestion of the fermented co-product/s suspensions
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AL10, ALAS5, GL10, and GLAS were exposed to simulated gastrointestinal digestion
following previously described procedures [30]. Initially, 10 g of each AL10, ALA5, GL10,
and GLAS were rehydrated (15 min) with sterile distilled water (50 mL, 25 + 0.5 °C), and
simulations were carried out continuously in glass flasks (250 mL) mimicking oral, gastric, and
intestinal conditions using an incubator (37 £ 0.5 °C) and mechanical agitation to simulate the
peristaltic movements, a-amylase (100 U/mL) diluted in 1 mM CaCl, and pH adjusted to 6.9
with 1 M NaHCOs (exposure time 2 min, 37 = 0.5 °C, 200 rpm) to simulate the mouth
conditions, and pH adjusted to 2.0 with 1 M HCI to simulate the stomach conditions. A pepsin
solution (25 mg/mL) in 0.1 M HCI (proportion 0.05 mL/mL of the sample, exposure time 120
min, 37 £ 0.5 °C, 130 rpm) simulated the gastric juice. pH adjusted to 6.0 with 1 M NaHCOs3
simulated the intestinal conditions and two g/L of pancreatin and 12 g/L of bile salts diluted in
1 M NaHCO:s (proportion 0.25 mL/mL of the sample, exposure time 120 min, 37 £ 0.5 °C, 45
rpm) simulated the intestinal juice.

The suspensions containing the final digestion phase were dialyzed against 0.01 mol/L
NaCl (18 h, 5 £ 0.5 °C) with a regenerated cellulose dialysis tubing (1 kDa nominal molecular
weight cut-off, Spectra/Por 6, Spectrum Europe BV, Breda, Netherlands). The dialyzed
material was frozen (-18 °C), freeze-dried, and stored (5 = 0.5 °C) in hermetically sealed
polyethylene bags for a maximum period of one week [31]. The cellulose dialysis tubing,

enzymes, bile salts, and reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.5  Preparation of human fecal inoculum and in vitro fecal fermentation

An Ethical Committee on Research with Human Beings approved the procedures used
in this study (Federal University of Paraiba, Joao Pessoa, PB, Brazil; protocol number
6.080.926) that followed the guidelines of the National Health Council (Resolution 466, 2012).

Six healthy adult volunteers (three men and three women, ages 28 to 33) donated feces for the
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study and reported eating an omnivorous diet, not suffering from any gastrointestinal or colonic
illness, not using concentrated probiotics or prebiotics, and not using antibiotics or other
controlled medications for at least 6 months before feces collection [30-33].

Fecal samples were obtained using sterile tubes placed in an anaerobic container
(AnaeroGen), pooled (1:1:1:1:1:1 w/w), homogenized with sterile phosphate-buffered saline
(PBS; 0.1 M; pH 7.4; 1:10, w/v, 200 rpm, 2 min), and filtered using sterile triple-layer gauze to
remove larger particles [32]. The fecal fermentation system was made using separated sterile
tubes (50 mL working volume) contained 20% of digested and freeze-dried AL10, ALADS,
GL10, and GLA5 (w/v), 40% of pooled fecal inoculum, and 40% sterile (autoclavation, 121
°C, 1 atm, 15 min) fermentation medium (v/v) [composition: 4.5 g NaCl, 4.5 g KCI, 1.5 g
NaHCO3, 0.69 g MgSOs, 0.8 g L-cysteine, 0.5 g KH2PO4, 0.5 g KoHPO4, 0.4 g bile salt, 0.08 ¢
CaCly, 0.005 g FeSO4, 1 mL Tween 80, 4 mL resazurin solution (0.25 g/L, as an anaerobic
indicator), 1 L of distilled water]. Each tube was placed inside an anaerobic jar equipped with
an anaerobiosis generator system (AnaeroGen, Oxoid, Basingstoke, England) and incubated for
48 h at 37 £ 0.5 °C to promote fermentation. A fecal fermentation system containing the well-
known prebiotic fructooligosaccharides [FOS (not-digested); 20%, w/v] and with no substrate
added were included in the experiment as a positive and negative control, respectively [32-34].

Ingredients to prepare the fermentation media were purchased from Sigma-Aldrich.

2.5.1 Enumeration of the intestinal bacterial populations during in vitro fecal fermentation
The capacity of AL10, ALAS5, GL10, and GLAS to affect the relative abundance of
several human intestinal bacterial populations was assessed using fluorescent in situ
hybridization combined with flow cytometry. The fluorescent dye Cy3 (Sigma-Aldrich) was
used to identify six different probes: Lab 158 to enumerate Lactobacillus spp./Enterococcus

spp., Bif 164 to enumerate Bifidobacterium spp., Rfla 729 to enumerate Ruminococcus albus/R.
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flavefaciens, Bac 303 to enumerate Bacteroides spp./Prevotella spp., Chis 150 to enumerate
Clostridium histolyticum, and Erec 482 to enumerate Eubacterium rectale/Clostridium
coccoides. SYBR Green staining (Molecular Probes, Invitrogen, Carlsbad, CA, USA) was used
to enumerate the total bacterial population [15, 16, 32, 33].

Aliquots (375 pL) from each medium were taken at time zero (immediately following
homogenization of the components of the fermentation medium), 24, and 48 h of fermentation,
fixed overnight (4% paraformaldehyde), and hybridized with the fluorescent probes using
previously described procedures [35, 36]. The different bacterial populations were enumerated
using a flow cytometer (BD Accuri C6, BD Biosciences, East Rutherford, NJ, USA). The BD
Accuri C6 Software captured signals from individual cells (logarithmic signals) by passing
through the laser zone, and fluorescence signals were recorded as cytograms on FL1 (SYBR
Green) and FL2 (Lab 158, Bif 164, Rfla 729, Bac 303, Chis 150, and Erec 482). The results
were expressed as the relative abundance (percentage) of cells hybridized with each probe

concerning the total bacterial population [15, 16, 33, 35].

2.5.2 Determination of microbial metabolism during in vitro fecal fermentation

Measurements of pH values and metabolic profiling at time zero, 24, and 48 h of in vitro
fecal fermentation were used to assess the intestinal microbiota metabolic activity in media with
AL10, ALAS5, GL10, GLA5, and FOS (positive control), as well as in NC. The pH values
(method 981.12) were determined with a digital potentiometer (Quimis, Diadema, SP, Brazil)
[37]. Contents of sugars (glucose, fructose, maltose, and rhamnose), lactic, and short-chain fatty
acids (SCFA) (acetic, propionic, and butyric acids), and phenolic compounds were determined
with high-performance liquid chromatography using a liquid chromatograph (model 1260
Infinity LC, Agilent Technologies, St. Clara, CA, USA) and previously described analytical

conditions [38, 39]. The OpenLAB CDS ChemStation Edition software (Agilent Technologies)
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processed the data. HPLC sample peaks were identified by comparing their retention times with
sugar and organic acid standards (Sigma Aldrich). Average peak areas were considered to
quantify sugars and organic acids [34, 38].

The global metabolic profile of the fermentation media was analyzed using Nuclear
Magnetic Resonance (NMR). An aliquot (2 mL) of each fermentation medium was diluted in a
solution (2 mL) with methanol and deuterated water (9:1, v/v), filtered, and the resulting
solution (550 pL) was placed in a tube (5 mm diameter) for NMR analysis. NMR experiments
were performed with a Bruker Avance Neo 500 instrument (500 MHz for 1H NMR and 125
MHz for 13C NMR; Bruker, Billerica, MA, USA). The parameters to obtain the spectrum
sequence were: lclpngpf2, temperature 26 °C, number of scans 64, Dummer scan 4, receiver
gain 32, and acquisition time 3.27 s. The Bruker TopSpin 4.1.1 software processed the spectra

[30, 33].

2.5.3 Determination of the antioxidant capacity during in vitro fecal fermentation

The antioxidant capacity in media with AL10, ALAS5, GL10, and GLA5 was measured
with DPPH" (2,2- diphenyl-1-picrylhydrazyl), FRAP (ferric reducing antioxidant power), and
ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) methods at time zero, 24, and
48 h of fecal fermentation. Initially, two g of media with AL10, ALA5, GL10, and GLA5 were
homogenized separately with 10 mL of 80% methanol (Sigma-Aldrich), kept resting for 24 h
under room temperature, and filtered (125 mm filter, Whatman). The determination of the
antioxidant capacity using DPPH" radical was performed as previously described [39]. Aliquots
(50 pL) of the samples were reacted with DPPH solution in methanol (250 pL), shaken
vigorously, and kept (30 min) in the dark. Measurements of DPPH scavenging activity were
performed at a wavelength of 517 nm. Controls were prepared with water to replace a sample.

For the “blank”, only the extracting solution (300 puL) was used. The antioxidant capacity was
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calculated using a 2 mM Trolox standard curve (10-2000 pM) and the inhibition percentages

were determined using the equation [40]:

DPPH radical scavenging capacity (%) = [(ABScontrol - ABSsample)]/(ABScontrol)]

(Eq. 1)
x 100

The ABScontrol was the absorbance of the DPPH radical + water, and the ABS sample
was the absorbance of the DPPH radical + tested sample. The results were expressed in Trolox
pumol equivalent per gram of sample (umol/g).

The determination of the antioxidant capacity using ABTS™ radical was performed as
previously described [39]. The ABTS radical cation (ABTS") was generated with the reaction
of 5 mL of aqueous ABTS solution (7 mM) + 88 uL of potassium persulfate solution (140 mM).
The mixture was kept in the dark (16 h, 28 = 0.5 °C) before use and diluted with ethanol to
achieve an absorbance of 0.7 = 0.02 units at 734 nm using a UV-VIS spectrophotometer.
Aliquots (50 uL) of the samples were allowed to react with 250 pL of the resulting blue-green
ABTS radical solution in the dark. Decreases of absorbance at 734 nm were measured after 6
min. Controls were prepared with water to replace a sample. For the “blank”, only the extracting
solution (300 pL) was used. The antioxidant capacity was calculated using a 2 mM Trolox
standard curve (10-2000 pM), and the inhibition percentages were determined with the equation
[41]:

ABTS radical scavenging capacity (%) = [(ABScontrol - ABSsample)]/(ABScontrol)] x

(Eq. 2)
100

The ABScontrol was the absorbance of the ABTS radical + water, and ABSsample was
the absorbance of the ABTS radical + tested sample. The results were expressed in Trolox pmol

equivalent per gram of sample (umol/g).
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The antioxidant capacity determined as FRAP was measured according to a previously
described procedure [33]. Acetate buffer (0.3 M, pH 3.6), 2,4,6-Tris(2-pyridyl)-s-triazine
(TPTZ) solution (10 mM), and ferric chloride solution (20 mM) were combined to create the
FRAP reagent in a ratio of 100:10:10. Aliquots of the extracts in the amount of 20 pL were
mixed with 30 pL of distilled water and 250 pL of the reagent. After 30 min at 37 °C, the
mixture absorbance was measured at 595 nm. The "blank” solution was the FRAP reagent itself.
The standard curve was built using solutions with known ferrous sulfate concentrations (50—
2000 puM). The results were expressed in pmol of ferrous sulfate equivalents per g of sample

(umol FeSO4/g).

2.6 Statistical analysis

The experiments were performed in triplicate in three independent repetitions, and the
results were expressed as average * standard deviation. Kolmogorov-Smirnov normality test
determined the normal distribution of the data. Data were submitted to Student’s t-test or
analysis of variance (one-way ANOVA) followed by Tukey’s test. A p-value of < 0.05 was
considered statistically significant. The relationship between samples and tested parameters was
determined using principal component analysis (PCA). The Pearson correlation coefficient (R)
and p-value were calculated to show the correlations in a heat map. A p-value of < 0.05 was
considered statistically significant. GraphPad Prism 7.0 software (GraphPad Software, La Jolla,
CA, USA) and R software (Version 2.15.3, Ross lhaka & Robert Gentleman, University of

Auckland, Auckland, New Zealand) were used to run the statistical analysis.

3. Results

3.1 Changes in relative abundance of intestinal bacterial populations during in vitro fecal

fermentation
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Differences in the relative abundance of the measured intestinal bacterial populations
varied with the examined fermentation medium and fecal fermentation period (Table 1). The
relative abundance of Lactobacillus spp./Enterococcus spp. increased (p < 0.05) in the different
media during the 48 h of fermentation. The highest (p < 0.05) relative abundances of
Lactobacillus spp./Enterococcus spp. at 24 h of fermentation were found in media with ALAS5
(7.0 £ 0.36%) and GLAS5 (6.93 * 0.31%). However, the relative abundance of Lactobacillus
spp./Enterococcus spp. at 48 h of fermentation had a two to three-fold increase (p < 0.05) in
media with FOS (12.18 * 0.39%), GL10 (7.90 £ 0.28%), GLAS5 (6.40 £ 0.42%), and AL10
(6.10 £ 0.34%) when compared to time zero.

The highest (p < 0.05) relative abundances of Bifidobacterium spp. at 24 and 48 h of
fermentation were found in media with ALA5 (4.15 £ 0.25 — 9.2 + 0.56%) and FOS (4.09 +
0.18 —9.35 £ 0.68%), followed by media with GLA5 (2.86 + 0.22 — 7.65 + 0.47%), GL10 (1.12
+ 0.18 — 6.62 + 0.44%), and AL10 (3.38 + 0.28 — 4.45 * 0.51%). The relative abundance of
Bifidobacterium spp. decreased (p < 0.05) in NC at 48 h of fermentation.

The highest (p < 0.05) relative abundances of R. albus/R. flavefaciens at 24 and 48 h of
fermentation were found in medium with ALA5 (6.96 + 0.39 — 12.79 + 0.88%). Similar (p >
0.05) relative abundances of R. albus/R. flavefaciens were found in media with FOS (9.75 *
0.63%), GLAS5 (9.68 + 0.74%), and GL10 (9.14 + 0.65%) at 48 h of fermentation, while a lowest
relative abundance (4.08 + 0.52%) was found in medium with AL10. The relative abundance
of R. albus/R. flavefaciens decreased (p < 0.05) in NC during the 48 h of fermentation.

The relative abundance of Bacteroides spp./Prevotella spp. decreased (p < 0.05) in
media with AL10 (1.62 £ 0.28%) and GLAS5 (2.33 + 0.37%) at 24 h of fermentation. The
relative abundance of Bacteroides spp./Prevotella spp. increased (p < 0.05) in the different

media at 48 h of fermentation compared to time zero, except for the medium with GLADS.
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Medium with GL10 (0.42 £ 0.15 - 0.67 + 0.13%) had the lowest (p < 0.05) relative abundance
of Bacteroides spp./Prevotella spp. during the 48 h of fermentation.

The lowest (p < 0.05) relative abundances of C. histolyticum at 24 and 48 h of
fermentation were found in media with AL10 (1.92 + 0.28 — 1.16 + 0.16%) and GL10 (1.85 =
0.31-0.88 + 0.16%). The relative abundance of C. histolyticum was lower (p < 0.05) in all the
media at 48 h of fermentation when compared to time zero, except for NC. Medium with ALAS
had a three-fold decrease in the relative abundance of C. histolyticum (10.66 + 0.98 — 3.33 £
0.42%) at 48 h of fermentation compared to time zero.

The relative abundance of E. rectale/C. coccoides decreased (p < 0.05) in the media
with FOS (7.0 £ 0.48 — 5.60 + 0.32%) and GL10 (1.47 + 0.29 — 0.30 £ 0.11%) at 24 and 48 h
of fermentation, while it did not change (p > 0.05) in the medium with ALA5 and NC. The
highest (p < 0.05) relative abundances of E. rectale/C. coccoides were found in the medium
with GLA5 (12.71 £ 0.89 — 10.20 £ 0.76%) at 24 and 48 h of fermentation. Medium with AL10
increased (p < 0.05) the relative abundance of E. rectale/C. coccoides during the 48 h of

fermentation.

3.2 Microbial metabolic activity during in vitro fecal fermentation

The pH values decreased (p < 0.05) in the medium with AL10, ALAS, GL10, GLAS,
and FOS during the 48 h of fecal fermentation (Table 2). The lowest pH value (p < 0.05) at 24
h of fermentation was found in the medium with AL10 (3.38 £ 0.03), followed by the medium
with FOS (3.56 + 0.01). The highest (p < 0.05) pH value was found in NC (5.63 + 0.02) at 48
h of fermentation, while the lowest pH value was found in the medium with FOS (2.60 £ 0.02).
The pH values were low but did not differ in the media with AL10, ALA5, GL10, and GLA5
(3.12+£0.01t0 3.17 £ 0.05) (p > 0.05) at 48 h of fermentation. The contents of sugars (glucose,

fructose, maltose, and rhamnose) decreased (p < 0.05) in the medium with AL10, ALAS, GL10,



137

GLAD5, and FOS during the 48 h of fermentation, while sugars were not detected in NC.
Rhamnose was found only in medium with AL10, ALAS5, GL10, and GLA5. Glucose, fructose,
and maltose (0.15 = 0.01 - 3.59 £ 0.04 g/L) were detected only in the medium with FOS at 48
h of fermentation.

The lactic acid contents increased (p < 0.05) in the media with AL10, ALAS, GL10,
GLAD5, and FOS at 24 h of fermentation. However, lactic acid was detected in the medium with
FOS (7.83 £ 0.05 g/L) at 48 h of fermentation. The contents of acetic and butyric acids increased
(p £0.05) during the 48 h of fermentation in the media with AL10, ALAS, GL10, GLAS, and
FOS, which were higher than (p < 0.05) in NC. The media with AL10 and GL10 had higher
contents of butyric acid (2.03 £ 0.01 g/L — 2.11 £ 0.06) at 48 h of fermentation. The medium
with FOS had the highest (p < 0.05) contents of acetic acid (2.13 + 0.02 g/L) after 48 h of
fermentation. Propionic acid was detected in all the analyzed fermentation media; however, the
contents of propionic acid decreased (p < 0.05) during 48 h of fermentation.

The RMN-global metabolic profiling identified 60 different chemical compounds in the
media with AL10, ALA5, GL10, GLAS5, FOS, and NC at zero and 48 h of fecal fermentation
(Figure 1 and Supplementary material data, Table S2). Alanine, lysine, ornithine, methylamine,
trimethylamine, putrescine, malonate, and gamma-aminobutyric acid (GABA), as well as
several organic acids (acetic, succinic, and formic acids) were identified in all the analyzed
media at zero and 48 h of fecal fermentation (Figure 1). However, some compounds, such as
leucine, isoleucine, valine, methionine, tryptophan, hypoxanthine, and 3-hydroxy isovalerate,
detected at the beginning of the fermentation lost signal intensity at 48 h of fermentation in
media with AL10, ALA5, GL10, and GLA5. Some compounds were detected only at 48 h of
fermentation, notably threonine and 3-hydroxyisovalerate. Sugars (fructose, a-xylose, B-xylose,
B-glucose, a-glucose, and D-galactose) had a reduction or loss of signals (not detection) at 48

h of fermentation.
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3.3 Changes in phenolic compounds and antioxidant capacity during in vitro fecal fermentation

Ten distinct phenolic compounds belonging to three distinct classes were identified in
the media with AL10, ALA5, GL10, and GLAS5 during the 48 h of fecal fermentation: two
phenolic acids, six flavonoids, and two flavonols (Table 3). Gallic acid, procyanidin A2,
procyanidin B1, procyanidin B2, and epigallocatechin gallate were the most prevalent phenolic
compounds in all analyzed media during fermentation (Table 4). The contents of procyanidin
A2, procyanidin B1, and procyanidin B2 reduced (p < 0.05) at 24 or 48 h of fermentation, while
the contents of epigallocatechin gallate increased (p < 0.05) at 24 or 48 h of fermentation. Gallic
acid was detected at 24 h of fermentation in all the analyzed media, and its contents decreased
(p <0.05) at 48 h of fermentation.

The antioxidant capacity was increased (p < 0.05) or maintained (p > 0.05) at all the
analyzed media during 48 h of fecal fermentation, except for the media with GLA10 and GLAD5,
in which the antioxidant capacity decreased when measured using the FRAP method (Table 3).
Media with ALAS and GLAS (28.79 + 0.22 umol/g and 28.50 + 0.15 umol/g, respectively) had
higher antioxidant capacity (p < 0.05) at 48 h of fermentation compared to time zero when

measured with ABTS method.

3.4 Chemometric analysis

The PCA results (Figure 2A) located the media with AL10, ALA5, GL10, GLA5, and
FOS at 48 h of fecal fermentation in the upper quadrant with the higher contents of SCFA and
lactic acid, a higher relative abundance of Lactobacillus spp./Enterococcus spp.,
Bifidobacterium spp., and R. albus/R. flavefaciens, as well as the highest antioxidant capacity
measured with the ABTS method. NC at 24 and 48 h of fermentation was in the lower right

quadrant with a higher relative abundance of C. histolyticum and E. rectale/C. coccoides.
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The Pearson's correlation test (Figure 2B) showed that Lactobacillus spp./Enterococcus
spp., Bifidobacterium spp., and R. albus/R. flavefaciens correlated positively (p < 0.001) with
lactic, acetic, and butyric acids, and antioxidant capacity measured with the ABTS method
while correlating negatively (p < 0.001) with pH values. Bacteroides spp./Prevotella spp., C.
histolyticum, and E. rectale/C. coccoides were negatively correlated (p < 0.001) with
antioxidant capacity measured with the ABTS and FRAP methods while correlating positively

(p < 0.001) with pH values and sugars (glucose, fructose, and maltose).

4. Discussion

Acerola and guava co-product/s fermented with probiotic L. acidophilus and L.
paracasei promoted increases in relative abundance of Lactobacillus spp./Enterococcus spp.
and Bifidobacterium spp. populations during 48 h of fecal fermentation, which indicates high
amounts of non-digestible compounds in these materials, such as insoluble and soluble fibers
and phenolic compounds used as substrates by these intestinal microorganisms [4].
Lactobacillus spp. and Bifidobacterium spp. are the major microbial targets linked to human
intestinal health, being widely used as probiotics and determinants of the prebiotic effects of
various foods, while some Enterococcus species found in the healthy intestinal microbiota are
considered potentially probiotics [33, 42]. The increase in the relative abundance of
Lactobacillus spp./Enterococcus spp. in the media with AL10, ALA5, GL10, and GLA5 during
fecal fermentation could be partially linked to the presence of the fermentative probiotic strains,
which kept viable cell counts of >9 log CFU/g in tested fermented fruit co-product/s (Table 1).
Although the beneficial effects of probiotics are strain and dose-dependent, these viable cell
counts are greater than the minimum of 6 log CFU/g commonly reported to reach the claimed

beneficial effects to consumers [43].
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R. albus/R. flavefaciens are emerging beneficial intestinal bacterial species and more
abundant in healthy individuals, acting as cellulolytic bacteria and playing an important role in
fiber breakdown in the human intestine [44,45]. The increase in the relative abundance of R.
albus/R. flavefaciens during fecal fermentation could be related to the presence of probiotic
lactobacilli in the media with AL10, ALAS5, GL10, and GLAS5 (Table 1) since these probiotics
could become the environment more favorable for Ruminococcus species [46]. Increased
Lactobacillus spp., Bifidobacterium spp., and Ruminococcus spp. populations help to
ameliorate intestinal diseases (e.g., inflammatory bowel disease and irritable bowel syndrome),
metabolic (obesity, diabetes, and cardiovascular disease), and immune-related diseases, in
addition to acting in the gut-brain axis with neuroprotective and antidepressant effects [45, 47-
49].

Bacteroides spp./Prevotella spp. can break down high molecular weight
polysaccharides, such as insoluble and soluble fiber, in the fermented acerola and guava co-
product/s to produce acetic acid and mainly propionic acid [50]. The media with AL10, ALAS5,
GL10, and GLA5 maintained or reduced the relative abundance of Bacteroides spp./Prevotella
spp. up to 24 h of fecal fermentation, which could be a positive effect since increased
populations of these commonly opportunistic bacteria are linked to undesirable outcomes in
intestinal health, while less abundant populations are typically considered beneficial to
intestinal health [46, 51].

C. histolyticum is a well-known enteric pathogen, and a decreased relative abundance
of this bacterium during fecal fermentation could reinforce the selective stimulatory effects of
the fermented acerola and guava co-product/s on beneficial groups forming the intestinal
microbiota [52]. The decrease in the relative abundance of C. histolyticum could be due to a

decrease in pH values and an increase in amounts of specific phenolic compounds (e.g., gallic
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acid, procyanidin B2, and epigallocatechin gallate) during fecal fermentation, which are
limiting factors for C. histolyticum growth [53].

The relative abundance of E. rectale/C. coccoides varied in the media with ACE and
GUA during fecal fermentation. E. rectale/C. coccoides belong to the Clostridium cluster X1Va,
which are important regulators of intestinal homeostasis. However, to evaluate potential
prebiotic effects, these species have not been included as beneficial due to safety and probiotic
efficacy limitations [54].

The sugars, such as glucose, fructose, maltose, and rhamnose, were metabolized in the
media with AL10, ALA5, GL10, GLAS5, and FOS during fecal fermentation, indicating an
intense fermentative microbial metabolic activity [31, 55]. This activity resulted in the
production of organic acids, leading to a gradual decrease in pH over time (Table 2). These
conditions could favor increased absorption of certain nutrients while inhibiting the growth of
pathogenic microorganisms [56].

SCFA are volatile fatty acids produced in the large intestine due to the fermentation of
food components by intestinal microbiota and directly linked to general intestinal health [56].
Acetic, propionic, and butyric acids are the most common SCFA generated by intestinal
microbiota [57]. In this study, the simulation of fecal fermentation showed the capacity of
AL10, ALA5, GL10, GLAS, and FOS to reduce the pH, especially through acetic and butyric
acid production (Table 2), as also observed in Pearson’s Correlation test where these acids
correlated negatively with pH values. Butyric acid, belonging to the group of monocarboxylic
acids, is predominantly produced by bacteria, such as Lactobacillus spp., Ruminococcus spp.,
and Clostridium spp., during the fermentation of non-digestible carbohydrates, proteins, and
lactic acid [58]. Although Clostridium spp. is a butyric acid producer, this genus is associated
with producing some toxic metabolites often considered detrimental to intestinal health [12].

At the end of the 48 h of fecal fermentation, butyric acid contents had more than a 2-fold
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increase in media probiotic fermented with acerola and guava co-product/s compared to NC
and FOS, which could be linked to variations in the relative abundance of E. rectale/C.
cocoides, as observed a negative correlation in Pearson’s test between butyric acid and EREC
482 probe. Butyric acid is the primary energy source for colonocytes, regulating gene
expression and promoting anti-inflammatory and anticancer effects [59-61]. Acetic acid is a
carboxylic acid associated with the metabolism of several bacterial groups, including
Lactobacillus spp., Bifidobacterium spp., Ruminococcus spp., and Bacteroides spp. [62], which
agrees with the results of Pearson's correlation test showing that these bacterial groups
correlated positively with lactic, acetic, and butyric acids. The media with AL10, ALAS5, GL10,
GLA5 had increased populations of Lactobacillus spp., Bifidobacterium spp., and
Ruminococcus spp. during fecal fermentation, which may be related to the parallel increase in
the contents of acetic acid in these media [63], which also corroborates the correlations
observed in Pearson’s Correlation test.

The medium with FOS had higher contents of glucose and fructose, probably linked to
the higher contents of lactic and acetic acids and lower pH than the other analyzed fermentation
media (Table 2). This probably occurred because more straightforward carbohydrates were
more available for metabolization [64] and the high relative abundance of Lactobacillus
spp./Enterococcus spp. observed in medium with FOS [31]. Low contents of propionic acid
were found during fecal fermentation in all analyzed fermentation media, but the lower contents
of this SCFA were found in the media with GLA10 and GLA5, which may be linked to the
decreased relative abundance of Bacteroides spp./Prevotella spp. therein [31, 53]. In addition,
the metabolism of these bacteria can be influenced by the relatively low pH observed in in vitro
assays, affecting directly propionic acid production [65].

Regardless of the fermentation environment, the overall metabolic profiling showed a

wide range of chemical compounds commonly detected in human feces [66] in the media with
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AL10, ALA5, GL10, and GLAS during fecal fermentation. Media with AL10, ALAS5, GL10,
and GLADS had a reduction in the intensity of signals related to saccharide monomers at 48 h of
fecal fermentation (Table 2). Consequently, different organic acids, such as succinic, acetic,
and formic acids, were mainly identified in these media (Table 2). These acids (acetic, formic,
citric, succinic, and lactic acid) are produced by bacteria forming the large intestine microbiota
through the fermentation of non-digestible carbohydrates [56, 67], which agree with the results
of the quantification of organic acids and sugars, and pH reduction during fecal fermentation.

Several amino acids were identified in the media with AL10, ALAS5, GL10, and GLA5
at 48 h of fecal fermentation, including alanine, lysine, ornithine, proline, tyrosine, and
threonine. ldentifying these amino acids could be due to a predominantly saccharolytic
metabolism in most intestinal microorganisms, which inhibits the fermentation of amino acids
in favor of carbohydrates [68]. Therefore, the presence of non-digestible carbohydrates in
fermentation media may have stimulated bacteria with saccharolytic metabolism to produce
organic acids. Despite this, there was still a reduction in the signals of some amino acids, such
as isoleucine, valine, leucine, lysine, and methionine, during fecal fermentation. Many of these
amino acids can participate in several metabolic pathways involving amino acids,
carbohydrates, and nucleotides [69,70]. Threonine could stand out among the amino acids
detected at 48 h of fermentation since it is essential in maintaining mucosal integrity and barrier
function by supporting mucin secretion [71].

Phenolic compounds and the intestinal microbiota have a mutually beneficial
relationship since the intestinal microbiota metabolizes phenolic compounds into absorbable
and more accessible derived metabolites, while phenolic compounds can induce increases in
the abundance and diversity of commensal bacteria in the intestinal microbiota [72, 73]. The
decrease in phenolic compounds during fecal fermentation indicates their metabolization by the

intestinal microbiota [13]. The contents of phenolic compounds decreased in the media with
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AL10, ALA5, GL10, and GLAS5 during fecal fermentation, with the exception only for
epigallocatechin gallate that increased or maintained the content during fecal fermentation.
Interestingly, epigallocatechin gallate is associated with selective stimulation of Lactobacillus
and Bifidobacterium in the human colon and may serve as a substrate for beneficial intestinal
microbiota [74].

The contents of gallic acid, procyanidin A2, and procyanidin B2 decreased (p < 0.05)
during fecal fermentation, although these compounds were detected until 48 h of fermentation
(Table 3). A previous investigation reported the conversion of procyanidins to epicatechin in
an in vitro fecal fermentation model [75], agreeing with the results of this study. Procyanidins
(free or associated with the cell wall) are poorly bioavailable in the upper part of the intestine
and reach the colon to become fermentable substrates for the commensal microbiota. Although
the microbial catabolism of procyanidins is far from being completely described, it is known
that procyanidins coming from food matrices, such as fruits, tend to be transformed into readily
absorbable low molecular weight metabolites [76-78]. Lactobacillus species produce gallate
decarboxylase, an enzyme that degrades gallic acid into other compounds, such as oxaloacetate
and pyruvate, used in the Krebs cycle [79-80]. Despite the decrease during the fecal
fermentation, the presence of gallic acid is important since it could exert many beneficial effects
on human health, such as acting as an antioxidant, anti-inflammatory, antidiabetic, and
anticancer agent [81,82].

The antioxidant capacity overall increased or remained in all analyzed media during
fecal fermentation when measured with DPPH and ABTS methods (Table 3). However, the
antioxidant capacity in the media with GLA10 and GLA5 decreased when measured with the
FRAP method. Different chemical properties of compounds, principles, and conditions can lead
to differences in results obtained with distinct methods to assess antioxidant capacity [83].

However, the DPPH and ABTS methods are considered efficient in evaluating the antioxidant
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capacity of fecal fermentation media [30]. The reported high antioxidant capacity may be due
to the presence of different phenolic compounds in guava and acerola co-product/s, as well as
their metabolization by the intestinal microbiota [84]. The modulation of gut microbiota can
additionally enhance antioxidant capacity, as evidenced in results from Pearson's correlation
test where beneficial bacterial populations (Lactobacillus spp./Enterococcus spp.,
Bifidobacterium spp., and R. albus/R. flavefaciens) positively correlated with antioxidant
capacity, while not beneficial bacterial populations (C. histolyticum and E. rectale/C.
coccoides) negatively correlated with antioxidant capacity. It suggests a potential relationship
between gut microbiota composition and antioxidant capacity in the intestinal environment
[85]. The presence of gallic acid, epigallocatechin gallate, and procyanidin B2 in the media
with ALAS5, GL10, and GLADS at 48 h of fecal fermentation could also contribute to their high
antioxidant capacity. Antioxidant capacity is essential to improve local intestinal health with
systemic beneficial repercussions due to inhibiting free radical production [86].

A Principal Component Analysis (PCA) (Fig. 2A) is a statistical technique aimed at
simplifying the graphical representation of data, making it easier to display and interpret
multivariate results [87]. The PCA revealed that all analyzed media containing probiotic
fermented acerola and guava co-products could induce favorable alterations during the 48 h of
fecal fermentation, which was overall comparable to the alterations induced by FOS, a well-

established prebiotic ingredient.

5. Conclusions

The fecal fermentation of AL10, ALA5, GL10, and GLA5 with probiotic lactobacilli
high viable cell counts overall increased the relative abundance of bacterial populations
commonly reported to benefit intestinal health, besides overall decreasing or maintaining the
relative abundance of not beneficial bacterial populations. Sugars and phenolic compounds

available in media with fermented acerola and guava fruit co-product/s were extensively
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metabolized by intestinal microbiota during fecal fermentation, reducing pH values, increasing
the production of SCFA, changing the metabolic profile, and keeping the antioxidant capacity,
which putatively reinforced their potential ability to improve intestinal health. The formulated
fermented acerola and guava co-products could be novel vehicles for probiotics with the
capability of exerting effects on the intestinal microbiota compatible with prebiotic compounds,
proving a potential strategy for its use and valorization as novel functionalized symbiotic

circular ingredients to develop value-added foods and dietary supplements.
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Figure captions

Fig. 1. Representative *H NMR spectra of the media with fermented acerola and guava fruit by-
products digested at time 0 and 48 h of in vitro fecal fermentation analyzed by *H NMR. 1: biliary
salts; 2: 2-methylbutyrate; 3: valerate; 4: n-butyrate; 5: leucine; 6: isoleucine; 7: valine; 8:
propionate/propionic acid; 9: isobutyrate/butyric acid; 10: 3-methyl-2-oxoisovalerate; 11: 2-
oxoisovalerate; 12: ethanol; 13: 3-hydroxybutyrate; 14: threonine; 15: lactate/lactic acid; 16:
alanine; 17: lysine; 18: ornithine; 19: acetate/acetic acid; 20: proline; 21: glutamate; 22: 5-
aminopentanoate; 23: succinate/succinic acid; 24: methylamine; 25: methionine; 26: citrate/citric
acid; 27: aspartate; 28: asparagine; 29: trimethylamine; 30: putrescine; 31: malonate; 32: glycine;
33: fructose; 34: dihydroxyacetone; 35: a-xylose; 36: B-xylose; 37: B-glucose; 38: a-glucose; 39:
B-galactose; 40: UDP-glucuronate; 41: homovanillate; 42: 3-hydroxyphenylacetate; 43: p-cresol;
44: tyrosine; 45: 5-aminosalicylate; 46: phenylalanine; 47: uracil; 48: N-acetyl-5-
aminosalicylate; 49: phenylacetate; 50: tryptophan; 51: hypoxanthine; 52: formate/formic acid;
53: caprylate; 54: isocaproate; 55: isovalerate; 56: 3-hydroxyisovalerate; 57: total lipids; 58:
gamma-aminobutyric acid (GABA); 59: ketoisovalerate; 60: acetone.

Fig. 2. (A) Principal Component Analysis (PCA) run for in media with fermented acerola and
guava fruit by-products (AL10, ALA5, GL10, and GLAJ5), fructooligosaccharides (FOS), as
well as in negative control (NC; without fermentable substrate) at time zero (baseline), 24, and
48 h of in vitro fecal fermentation (variables: relative abundance of distinct bacterial groups,
contents of sugars and organic acids, and values of pH, and antioxidant activity). (B): Heat map
with correlation coefficients indicates the associations between the relative abundance of
distinct bacterial groups, contents of sugars and organic acids, and values of pH, , and
antioxidant capacity.
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Table 1. Relative abundance (% average * standard deviation; n = 3) of different intestinal
bacterial groups in media with fermented acerola and guava fruit by-products digested (AL10,
ALA5, GL10, and GLAS5) and fructooligosaccharides (FOS), as well as in negative control

(NC; without fermentable substrate) at zero, 24, and 48 h of in vitro fecal fermentation.

Bacterial groups

Fermentation

Fermentation period

medium
Oh 24 h 48 h
NC 5.89+0.31% 6.23 + 0.357BP 6.68 + 0.414¢
FOS 4.81 +0.16%° 5.76 + 0.28%° 12.18 +0.3942
Lactobacillus spp./ AL10 3.06 +0.22¢ 3.88+0.175¢ 6.10 + 0.34*°
Enterococcus spp. ALA5 6.20 +0.28% 7.00 +£0.3652 7.84 +0.26"°
GL10 2.70 £ 0.14° 4.34 +0.258¢ 7.90 + 0.287°
GLA5 2.65 + 0.205¢ 6.93 +£0.31% 6.40 + 0.424¢
NC 2.43 +0.22A0¢ 2.70 £ 0.26"¢ 1.84 +0.165¢
FOS 2.71+£0.20% 4.09 +0.18% 9.35+0.68
Bifidobacterium spp. AL10 1.53 +£0.19% 3.38 +£0.28% 4.45 +0.5174
ALAS 3.60 £ 0.27% 4.15 + 0.258 9.20 + 0.56”2
GL10 1.44 +0.168¢ 1.12 +0.188¢ 6.62 + 0.44%¢
GLA5 2.14 +£0.18% 2.86 + 0.228¢ 7.65 + 0.477°
NC 5.38 £ 0.27/4 5.07 + 0.24"° 1.77 +£0.208d
FOS 3.0+£0.21% 4,05 +0.298¢ 9.75 +0.63"°
Ruminococcus albus/ R. AL10 1.57 +0.188¢ 1.73+0.12% 4.08 £ 0.527¢
flavefaciens ALA5 5.39+0.30% 6.96 + 0.3952 12.79 + 0.88%
GL10 2.03 +0.26% 4.79 +0.2380¢ 9.14 + 0.65"°
GLA5 4,98 +0.39%2 4.26 +0.358¢ 9.68 + 0.74"°
NC 6.33 £0.51% 9.50 + 0.64"2 8.40 + 0.55"°
FOS 8.14 +0.47% 9.61 + 0.69%2 9.23 + 0.62/B®
Bacteroides spp./ AL10 2.26 +0.19% 1.62 +0.28% 3.11+0.33A
Prevotella spp. ALAS 8.83 +0.46"2 9.16 +0.71 9.83 +£0.60"
GL10 0.42 +0.15% 0.43 +£0.13Ad 0.67 +0.132
GLA5 5.0 + 0.324¢ 2.33+0.37% 4,33 +0.38°¢
NC 5.71 +0.478¢ 9.73 +0.64" 6.21 +0.298°
FOS 9.11 £ 0.52”° 6.20 £ 0.51°° 7.66 + 0.45%
C. histolyticum AL10 1.81 +0.14%¢ 1.92 +0.28%¢ 1.16 + 0.168¢
ALA5 10.66 + 0.9842 6.16 £ 0.578° 3.33+0.42¢
GL10 1.89 + 0.22%¢ 1.85 +0.314¢ 0.88 +0.165
GLA5 4.60 + 0.37A¢ 5.60 + 0.68"° 3.70 +0.278¢
NC 9.83+0.4772 8.96 + 0.447BP 8.20 + 0.498°
FOS 9.60 + 0.59%2 7.0 + 0.48B¢ 5.60 + 0.32%
e rcicctcac')f(’jes AL10 192+0.14%  285+026%  3.89+0.28%
ALA5 5.83 £ 0.40"° 6.33+0.35%¢ 6.66 + 0.494¢
GL10 4.71 +0.527¢ 1.47 +0.298¢ 0.30+0.11%
GLA5 9.33+0.81%2 12.71 + 0.8942 10.20 + 0.76A2

AL10: Acerola + L. paracasei L10; ALA5: Acerola + L. acidophillus LA-05; GL10: Guava + L. paracasei L10;
GLAb5: Guava + L. acidophillus LA-05. A — C: Different superscript capital letters in the same row for the same
fermentation medium denote differences (p < 0.05), based on Tukey’s test; a-e: different superscript small letters in
the same column at the same time interval and bacterial group denote difference (p < 0.05), based on Tukey’s test.
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Table 2. pH values, contents of sugars, lactic acid, and short-chain fatty acids (SCFA) (g/L) in
media with fermented acerola and guava fruit by-products (AL10, ALA5, GL10, and GLAS5),
fructooligosaccharides (FOS), as well as in negative control (NC; without fermentable
substrate) at time zero (baseline), 24, and 48 h of in vitro fecal fermentation.

Fermentation period

Parameters Samples
Oh 24 h 48 h
pH values NC 7.07 £0.0172 6.81 + 0.02B2 5.63 + 0.02¢2
FOS 7.06 £ 0.0172 3.56 + 0.01B¢ 2.60 + 0.02¢
AL10 7.00+0.02%°  3.38+0.03%"  3.17 £0.01¢°
ALA5 6.96 + 0.00° 4.33 +0.028¢ 3.13 + 0.00%¢
GL10 6.93 + 0.01A¢ 4.24 + 0.008¢ 3.12 +0.01¢
GLA5 6.93 + 0.01A¢ 4.99 + 0.008° 3.12 +0.01¢¢
Sugars (g/L)
Glucose NC <LOD <LOD <LOD
FOS 8.47 +0.037 5.31+0.048 294 +0.01%
AL10 0.43 +0.04%¢ <LOD <LOD
ALA5 0.31 + 0.04Ad <LOD <LOD
GL10 0.48 +0.017° <LOD <LOD
GLA5 0.47 +£0.017° <LOD <LOD
Fructose NC <LOD <LOD <LOD
FOS 7.28 +£0.018 7.55+0.03" 3.59 + 0.04%
AL10 0.18 + 0.01%¢ <LOD <LOD
ALA5 0.12 + 0.05A¢ <LOD <LOD
GL10 0.25 + 0.044° 0.07 £ 0.01B° <LOD
GLA5S 0.24 +£0.02%* <LOD <LOD
Maltose NC <LOD <LOD <LOD
FOS 0.16 + 0.0472 0.15 +0.03% 0.15 + 0.017
AL10 0.02 +£0.017° <LOD <LOD
ALA5 0.02 +£0.017° <LOD <LOD
GL10 <LOD <LOD <LOD
GLA5S <LOD <LOD <LOD
Rhamnose NC <LOD <LOD <LOD
FOS <LOD <LOD <LOD
AL10 0.40 £ 0.01%¢ 0.22 +0.0482 0.17 +0.01B°
ALA5 0.13+0.04B  <LOD 0.23 +0.0472
GL10 0.84 +0.022 0.15 + 0.03¢° 0.28 £ 0.04 B2
GLA5S 0.61 + 0.024° 0.06 + 0.01¢¢ 0.16 + 0.01B°
Acids (g/L)
Lactic NC <LOD <LOD <LOD
FOS <LOD 5.35 + 0.0552 7.83 £ 0.05"
AL10 0.13+0.015 0.17 £ 0.01Ad <LOD
ALA5 0.13+0.015 0.24 +0.02%°¢ <LOD
GL10 0.11 +0.028 0.42 + 0.047° <LOD
GLA5S <LOD 0.39 +0.027 <LOD
Acetic NC 0.22 + 0.028¢ 0.25 + 0.00%¢ 0.21 + 0.008¢
FOS 0.36 £ 0.03%2 1.59 + 0.0152 2.13 +0.0272
AL10 0.30 £ 0.05%2 0.45 + 0.065° 0.58 + 0.017°
ALA5 0.32 £ 0.038 0.39 + 0.058° 0.49 + 0.014¢
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GL10 0.34£0.02°®  0.45+0.01"°  0.48 + 0.055¢
GLA5 0.26 + 0.018>  0.41+0.01"°  0.51 +0.08*°
Propionic NC 1.09 +0.00%¢  0.99+0.02  0.40 + 0.00%?
FOS 0.68 £0.06”"  0.39+0.008¢  0.31+0.01°°
AL10 1.32£0.02A°  0.62+0.018°  0.34 +0.04°
ALA5 1.16 £0.02A¢  0.65+0.038°  0.41 +0.06“
GL10 1.40 £0.01”"*  0.61+0.02%°  0.20 + 0.01¢
GLA5 1.74 +£0.08"*  0.56 + 0.02¢  0.24 + 0.00¢°
Butyric NC 0.23+0.00%¢  0.97+0.01" <LOD
FOS 0.29+0.01°®  0.68+0.00%  0.79 + 0.00"¢
AL10 0.23+0.00°°  1.34+0.0182  2.03+0.01°
ALA5 0.28 +0.03°®  1.27 +0.008°  1.86 + 0.05”°
GL10 0.22 £0.02°¢  1.09 +£0.008¢  2.11 + 0.06"2
GLA5 0.33+0.01°®  1.08 +0.05%¢  1.77 £ 0.09%¢

AL10: Acerola + L. paracasei L10; ALAS: Acerola + L. acidophillus LA-05; GL10: Guava + L. paracasei L10;
GLA5: Guava + L. acidophillus LA-05. A-C: Different superscript capital letters in the same row denote
differences (p <0.05), based on Student’s t-test or Tukey’s test; a—f: Different superscript small letters in the same
column, for the same time interval and measured parameter, denote difference (p < 0.05), based on Student’s t-
test or Tukey’s test. <LOD: below the limit of detection (LOD was 0.02 g/L for glucose, 0.05 g/L for fructose,
0.02 g/L for lactic acid, 0.007 g/L for malic acid, 0.001 g/L for acetic acid, 0.024 g/L for propionic acid, and 0.02
g/L for butyric acid).
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Table 3. Contents of phenolic compounds (mg/L) and antioxidant capacity (%) (average + standard
deviation; n = 3) in media with fermented acerola and guava fruit by-products (AL10, ALAS5,
GL10, and GLAS5) and fructooligosaccharides (FOS), as well as in negative control (NC; without

fermentable substrate) at time zero (baseline), 24, and 48 h of in vitro fecal fermentation.

Fermentation period

Parameters Samples
24 h 48 h
Phenolic acids
Gallic acid AL10 <LOD 4.68 +0.00°Y  3.48 +0.02 5
ALAS <LOD 5.94 + 0.017¢ 5.19 + 0.03 B¢
GL10 <LOD 7.05+0.01"°  6.83+0.005°
GLA5 <LOD 9.69 + 0.04"2 8.95 +0.038
Syringic acid AL10 <LOD <LOD <LOD
ALAS <LOD 3.58 + 0.017@ <LOD
GL10 <LOD <LOD <LOD
GLA5 <LOD <LOD <LOD
Flavanols
Procyanidin A2 AL10 8.21£0.02%°  1.44+0.015¢  1.07 £0.01¢
ALA5 7.09+0.01°¢  1.92+0.018  1.31 +0.05%
GL10 7.44 + 0.00° 1.21 + 0.018 1.03 + 0.03¢¢
GLA5 9.16 +0.01%* 157 +0.028° 118 +0.01°°
Procyanidin B1 AL10 1.46 + 0.017¢ <LOD <LOD
ALA5 2.25 + 0.024°¢ <LOD <LOD
GL10 7.85+0.04"% 271 +0.01% <LOD
GLA5 7.41 £0.03"°  3.11 + 0.04%° <LOD
Procyanidin B2 AL10 9.88 + 0.01°¢  1.25 + 0.038¢ <LOD
ALA5 13.23 £0.05”° 2.33 +0.03"¢ 1.47 +0.02¢¢
GL10 11.51 £ 0.01”¢ 9.76 + 0.08%" 9.43 +0.10%
GLA5 15.69 + 0.02”% 11.58 + 0.05%%  6.59 + 0.05°
Catechin AL10 <LOD <LOD <LOD
ALA5 <LOD 6.61 + 0.03"2 1.03 + 0.0252
GL10 <LOD <LOD <LOD
GLAS5 <LOD <LOD <LOD
Epigallocatechin gallate ~ AL10 2.32+0.02°¢  6.58+0.01B2  7.20 +0.03%
ALA5 5.38 £ 0.0552 5.43 + 0.065° 5.83 + 0.03*°
GL10 1.69 +0.01¢ 4.44 + 0.038¢ 4.84 + 0.014¢
GLA5 3.37 £ 0.01B° 4.71 + 0.06"° 4,78 + 0.057¢
Epicatechin AL10 <LOD 3.21+0.01"  <LOD
ALA5 1.25 +0.02”2 <LOD <LOD
GL10 <LOD <LOD <LOD
GLA5 <LOD <LOD <LOD
Flavonols
Quercetin 3-Glucoside AL10 <LOD <LOD <LOD
ALA5 1.28 + 0.032 1.20 + 0.01%2 <LOD
GL10 <LOD <LOD <LOD
GLA5 <LOD <LOD <LOD
Isorhamnetin AL10 5.64 +0.05"  <LOD <LOD
ALA5 5.71 £ 0.03% <LOD <LOD
GL10 <LOD <LOD <LOD
GLA5 <LOD <LOD <LOD
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Antioxidant activity

DPPH' (umol TEAC/g)!  AL10 14.19 £ 0.52%° 1351 +0.205° 14.10 +£0.524°
ALA5 8.29+0.43B 570+0.16%  9.87 +0.41A
GL10 10.59 + 0.25%°  9.14 +0.32%¢  10.77 £ 0.11*¢
GLAS5 15.47 £ 0.26"%  14.50 + 0.218% 15,51 + 0.28"2

ABTS™ (umol TEAC/g)!  AL10 16.89 + 0.188¢  19.97 + 0.46”° 22.08 + 0.35""
ALA5 20.96 + 0.498°  18.24 +0.37°4  28.79 + 0.22/2
GL10 18.50 + 0.51°¢ 21.05+0.26”° 19.43 +0.28°B¢
GLAS5 23.94 £0.22°  24.69 +0.33%%  28.50 +0.15%

FRAP (umol FeSO4/g) AL10 13.60 + 0.36"  11.60 +0.19%¢  13.40 + 0.20"°
ALA5 19.70 £ 0.44%°  28.40 +0.27%% 24.30 + 0.6152
GL10 18.50 + 0.15%¢  20.70 + 0.18”°  15.30 + 0.52¢¢
GLAS5 27.70 £0.23%%  28.40 £ 0.15%*  19.80 + 0.45°

AL10: Acerola + L. paracasei L10; ALA5: Acerola + L. acidophillus LA-05; GL10: Guava + L. paracasei L10;
GLADS: Guava + L. acidophillus LA-05. A—C: Different superscript capital letters in the same row denote differences
(p <0.05), based on Student’s t-test or Tukey’s test; a—d: Different superscript small letters in the same column, for
the same time interval and measured parameter, denote difference (p <0.05), based on Student’s t-test or Tukey’s test.
The results are expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per gram of sample (umol
TEAC/Qg). Abbreviations: ABTS™ cation - 2,2-azino-his (3-etilbenzo-tiazoline)-6-sulfonic acid; DPPH" cation - 2,2- diphenyl-
1-picrylhydrazyl; FRAP - ferric reducing antioxidant power. <LOD: below the limit of detection.



Table S1. Physicochemical parameters of freeze-dried fruit processing co-products used

in assays to evaluate potential prebiotic properties (Aradjo et al., 2020).
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Fruit processing by-products

Parameters

Acerola Guava
Fructose 8.48 + 0.014 3.92+0.018
Glucose 5.31 +0.014 3.17 +0.01B
Maltose 1.52 +0.01* 1.53 +0.01*
Soluble fiber 8.09 + 0.698 33.44 + 3.63
Insoluble fiber 61.16 + 1.75* 49.12 + 1.588
Total dietary fiber 69.25 + 1.06° 82.55 + 2.05"
Total flavonoids (mg EC/100 g)*  79.83 +0.23* 44.09 + 1.01°
Total phenolics (mg EAG/100 g)?  492.107 + 0.54" 304.057 + 0.94°

A-B: Different superscript capital letters in the same row denote difference (p < 0.05), based on Tukey’s
test. among co-products, based on Student’s t-test. The results are expressed in milligram equivalents of
catechin (EC) per hundred grams of sample (mg EC/100 g). 2The results are expressed in milligram
equivalents of gallic acid (EAG) per hundred grams of sample (mg EAG/100 g).
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Table S2. Identification of metabolites by *H-NMR in media with fermented acerola and guava fruit co-
products (AL10, ALAS5, GL10, and GLAS) and fructooligosaccharides (FOS), as well as in negative
control (NC; without fermentable substrate) at time zero (baseline), and 48 h of in vitro fecal

fermentation.

Number

10

11

12

13

14

15

16

17

18

19

20

21

22

Chemical
constituents

Biliary salts
2-methylbutyrate
Valerate
N-butyrate
Leucine
Isoleucine
Valine

Propionate/ propionic
acid

Isobutyrate/ butyric
acid

3-methyl-2-
oxoisovalerate

2-oxoisovalerate
Ethanol
3-hydroxybutyrate
Threonine
Lactate/lactic acid
Alanine
Lysine
Ornithine
Acetate/acetic acid
Proline
Glutamate

5-aminopentanoate

NC FOS ALA5 AL10 GLA5 GL10

Oh 48h Oh 48h Oh 48h Oh 48h Oh 48h Oh 48h

X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X

X X X X X X X

X X X X X X X

X X X X X X X

X X X X X X

X X X X X X

X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X

X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Succinate/succinic
acid

Methylamine
Methionine
Citrate/citric acid
Aspartate
Asparagine
Trimethylamine
Putrescine
Malonate
Glycine
Fructose
Dihydroxyacetone
a-Xylose
B-Xylose
B-Glucose
a-Glucose
B-galactose
UDP-glucuronate
Homovanillate

3-

hydroxyphenylacetate

P-cresol
Tyrosine
5-aminosalicylate
Phenylalanine
Uracil

N-acetyl-5-
aminosalicylate

Phenylacetate

Tryptophan
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51

52

53

54

55

56

57

58

59

60

Hypoxanthine
Formate/formic acid
Caprylate
Isocaproate
Isovalerate
3-hydroxyisovalerate
Total lipids

Gamma-aminobutyric
acid (GABA)

Ketoisovalerate

Acetone
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ANEXO A - CERTIDAO DO COMITE DE ETICA EM PESQUISA

CENTRO DE CIENCIAS DA

SAUDE DA UNIVERSIDADE W
FEDERAL DA PARAIBA -
CCS/UFPB

FARECER CONSUBSTANCIADOD DO CEP

DanosE D0 PROJETO DE PESGUISA

Thulo da Pesquisa: FOTENCIAL DE COPRODUTOS DE FRUTAZS MA ESTABILIZACAD DE CEPAS
PROBIOTICAS DE Lactobacllius DURANTE A LICFILIZACAD, ARMAZENAMENTO,
PALSAGEM PELD TRATO GASTROINTESTIMNAL E EFEITOS SOBRE A
MICROBIOTA INTESTINAL

Peaquizador: MARLA ELIEIDY GOMES DE OLNEIRA
Area Tematica:

WVersdo: 1

CAAF: 69075323.6.0000.5136

Institulglo Proponenta: Cantro De Cléncas & Sadds
Patrocinador Princlpal: Financlamento Prapria

Danos D PARECER

Momero do Parecer: 5.080.325

Apresantagdo do Projeto:

A busca por almenios funclonais vem aumentando em todo o mundo em virbude dos seus beneflclos sobne
@ salde dos consumidores. As frutas s30 amplamenie conhecidas pelo seu potencial funclonal, &
recent=mente, of coprodutos de frutas fem ganhado wn destaque sspeclal devido 30 ssu conteldo
nuiricional quando comparado com & porgdo comestivel da fruta. Esses coproduios derlvados do
processamenio de frutas =30 constituldos de cascas, sementss, bagaco e talos que geralments sdo
wlllzadas como ragda animal e o excadente & descartado em aterros sanitarios, acametando, assim,
Impacins amblentals negativos

[ARALLC et al., 2014; ASYIFAH &1 al., 2014; QUINTANA & al., 2017).0 subgnoduio do caju

fol usado para suplementar melos de cultivo contendo prabigticos, como fanie de carbano para cRpas e
Lactobadlies (DUARTE e al, 2017). As culiuras de baciérias acido laticas (BAL), dentre elas as probkiticas,
530 comuments UHIZadas como sturas Inkdadoras pela Indlsina para o processamanto de alimentos efou
formuiagio ge almentos funclonals (CHENG et al.2022).

Objetivo da Pesquisa:

Obijetive Primaria: Avallar o potenclal de coprodutos do processamenta de frutas (aceroia, caju e golaba)
coOmo melo de culthve capaz de esiablizar cepas probloticas de Lactobaclllus, durante 05 processos de
gesldratagdo (llofllizagdo), armazenamenta, passagem pelo rato gastmoinisstinal
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CENTRO DE CIENCIAS DA

SAUDE DA UNIVERSIDADE W
FEDERAL DA PARAIBA -

CCSIUFPB

Coninuegic do Farscer E080 008

Elmulado e efefins sobre 3 microbiota Intestingl de Indhvidwos saudavels. Oojefwo Secundario: Caracterizar
06 parametros fisicos e fisico-quimicos dos coprodutns gerados a partir do processamento de frutas apos
processn de sacagem; LIZar os copmdutos de frutas como meio de cullvo para o crescimenio de cepas de
Lactobaclius probldticas, verfficando o efelio asimulador seletivd dos coproduios sobne o crescimenn O35
cuituras; Avallar 3 capacklade establlizadora exercida pelos diferenies coproduios de frutas sobre as capas
ge probidticos guando expostas a0 processo de Bofllizagda, armazenaments 2 expasigan 3s condigies
simuladas do raln gasmntestinal; Avalar In witno 0s efelbos exercidos pelos copodutns de fnitas sobie 3
composieao e atividade metabdlica da microdlota Intestingl coldinica humana.

avallagio dos Riscos & Benallclos:
0 riscos e beneflcos aos participantss da pesquisa foram conslierados pela pesquisadora.

Comantarios & Conslderagies sobre 3 Peaqulsa:
Esfudo de Interesse centiico & de possivel apicagdo na producdo de aimentos IndusTiallzados.

Coneldaragdes sobre 08 Termos o8 apressntagio obrigatana:
O t=mos estdo em conformidads com as recomendagies desie CEP.

Recomendagien:

Na metodologa:

Definir o local onde 35 andlises 52030 realzadas;

Descrever qual o procedments de selecdo de voluntanos paricipantes para a pesquisa;

Sobre o5 oiitanos de Inclesdo, descrevar Indviduos 3duURDs sawdavels",

Sobre o6 ciitérios de exciusdo, acrescentar "nao aceliamm parfdpar como doador

e materal ologia™;

Sobre of riscos, explwr 3 expressdo "ndo oferecs riscos™. Neste estudo em particular existem riscos
potenclals @ previsivels: consirangimento para o procedimenio de amostras fecals, & de recontaminagio de
collformes fecals por manipuiagio inadequada de material facal,

Sobre os beneficios, debar quals benefickos dretos 306 participanies da pesquisa,

INSEMr N0 CrONOQrama a atividade de “coleta de materal bigco™;

Conclusdes ou Pendénclas & Lists de Inadequacies:;
SUQETImcs @ aprovacao do projeto de pesquisa.
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CENTRO DE CIENCIAS DA
SAUDE DA UNIVERSIDADE
FEDERAL DA PARAIBA -

CCSUFPB

Contmusclic do Farscer: B080 02

Conslderagies Finals a critéfo do CEP:
Certifico gque o Comit® ge Etica em Pesquisa do Centro de Clénclas da Sadde da Universidade Federal da
Paralba — CER'CCS aprowou a execwgdd do referdo projeio de pesgulsa. Outrossim, Informa que 3
autoeizagAo para posierior publicagio fica condiclonada & submissao do Relatro Final na Plataforma Srasl,

via MOlMcagdo, para fns o2 Fpreciacio 8 aovaEao por este sgregio Comite.

Eszta parscer fod elaborado bassads nos documentios abalzos relachonados:
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