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RESUMO

O jeriva (Syagrus romanzoffiana) e a macauba (Acrocomia aculeata) sdo palmeiras nativas da
América Latina pertencentes a familia Arecaceae, amplamente distribuidas em areas tropicais
e subtropicais, apresentam baixo custo de producao e produzem grandes quantidades de frutos
ao longo do ano. Tanto a polpa quanto a améndoa de jeriva e macaulba apresentam relevancia
nutricional, principalmente em relacdo ao teor de fibras. Além disso, devido ao elevado teor
de lipideos destas améndoas, os frutos vem sendo utilizados para a extracdo de 6leo. Neste
processo € obtida a torta da améndoa (solidos remanescentes), um subproduto
nutricionalmente rico que pode ser inserido na alimentacdo humana e que, assim como a
polpa, pode apresentar potencial prebiotico. Diante disso, 0 objetivo deste trabalho foi
caracterizar e avaliar o potencial prebidtico da polpa e torta de jeriva e macatba com o intuito
de aumentar a diversidade de alimentos prebidticos com frutos pouco consumidos e
economicamente viaveis. Para isto, foi realizada a caracterizacdo desses frutos quanto a
composicao centesimal, teor de compostos fenodlicos e atividade antioxidante, além de avaliar
a capacidade antimicrobiana e fermentativa das amostras em relacdo as bactérias
Bifidobacterium lactis, Lactobacillus casei, Lactobacillus acidophilus e Escherichia coli. Os
resultados demonstraram que as polpas e tortas de jeriva e macalba sdo nutricionalmente
ricas, no que se refere ao teor de fibras alimentares (20,45% para PJ, 37,87% TJ, 19,95% PM
e 3581% TM) e atividade antioxidante, em especial PJ, que além da alta atividade
antioxidante pelo método ABTS e DPPH (2498,49 uM Trolox/g fruta e 96,97 g fruta/g
DPPH, respectivamente) possui elevado teor de fendlicos totais (850,62 mg GAE/100 g).
Além disso, PJ promoveu o maior crescimento das cepas probioticas e a maior reducdo do pH,
quando comparada ao FOS (prebio6tico comercial), mas PM, TJ e TM também foram capazes
de favorecer o crescimento das cepas avaliadas. A partir da fermentacdo das amostras
avaliadas, os microrganismos probiéticos produziram &acidos graxos de cadeia curta (AGCC)
como o &cido latico, propibnico, butirico e acético, que podem proporcionar beneficios para a
salde dos individuos, evidenciando que os frutos possuem caracteristicas relevantes como
potenciais prebidticos.

Palavras-chave: Alimentos Funcionais. Subprodutos. Fibras Alimentares. Prebidtico.
Arecaceae.



ABSTRACT

Jeriva (Syagrus romanzoffiana) and macalba (Acrocomia aculeata) are Latin American
native palm trees belonging to the Arecaceae family, widely distributed in tropical and
subtropical areas, have low production costs and produce large amounts of fruits throughout
the year. Both jeriva and macauba pulp and kernel have nutritional relevance, especially about
fiber content. In addition, due to the high lipid content of these kernels, fruits have been used
for oil extraction. In this process kernel cake (remnant solids) is obtained, a nutritionally rich
byproduct that can be inserted into human food and that, like pulp, may have prebiotic
potential. Therefore, the objective of this work was to characterize and evaluate the prebiotic
potential of jerivd and macauba pulp and kernel cake to increase the diversity of prebiotic
foods with low consumed and economically viable fruits. For this, the characterization of
these fruits was carried out regarding the proximate composition, phenolic content and
antioxidant activity, besides evaluating the antimicrobial and fermentative capacity of the
samples with the bacteria Bifidobacterium lactis, Lactobacillus casei, Lactobacillus
acidophilus, and Escherichia coli. The results showed that jerivd and macauba pulps and
kernels cakes are nutritionally rich in terms of dietary fiber content (20.45% for PJ, 37.87%
TJ, 19.95% PM and 35.81% TM) and antioxidant activity, especially PJ, which in addition to
the high antioxidant activity by the ABTS and DPPH method (2498.49 uM Trolox / g fruit
and 96.97 g fruit / g DPPH, respectively) has a high total phenolic content (850.62 mg GAE /
100 g). In addition, PJ promoted the highest growth of probiotic strains and the most
significant pH reduction when compared to FOS (commercial prebiotic), but PM, TJ, and TM
were also able to favor the growth of the evaluated strains. From the fermentation of the
evaluated samples, the probiotic microorganisms produced short-chain fatty acids (SCFAS)
such as lactic, propionic, butyric and acetic acid, which may provide benefits to the health of
individuals, showing that the fruits have relevant characteristics as potential prebiotics.

Keywords: Functional Foods. Byproducts. Food fibers. Prebiotic. Arecaceae.
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PRIMEIRA PARTE

1 INTRODUCAO

O Brasil € um pais que apresenta uma flora muito diversificada com espécies nativas e
exoticas, como as palmeiras macadba (Acromia aculeata) e jerivd (Syagrus romanzoffiana),
géneros pertencentes a familia Arecaceae (SILVA-CARDOSO; SOUZA; SCHERWINSKI-
PEREIRA, 2017) que had muitos anos estdo presentes nas ruas, jardins e parques como plantas
ornamentais, mas apresentam caracteristicas atraentes para as industrias (MONTOYA et al.,
2016; LAINDOREF et al., 2018). Por isso, elas vém sendo abordadas em diversos estudos
relacionados as propriedades nutricionais, sensoriais, produtoras de 6leos vegetais (SILVA et
al., 2016; SILVA-CARDOSO; SOUZA; SCHERWINSKI-PEREIRA, 2017) e de
biocombustivel (MOREIRA et al.,, 2013; MACHADO; FIGUEIREDO; GUIMARAES,
2016).

O fruto dessas palmeiras € o principal objeto das pesquisas, devido ao alto valor
nutricional. Coimbra e Jorge (2011a) ao analisarem a composic¢ao nutricional da polpa e das
améndoas dos frutos da macauba e do jeriva verificaram uma composi¢do muito semelhante
entre esses frutos, apresentando alto teor energético, de fibras, carboidratos, lipideos e
proteinas. Além disso, apresentam valores consideraveis de cinzas.

A polpa dos frutos pode ser consumida in natura ou em preparacdes culinarias, assim
como a améndoa (CICONINI et al., 2013; LESCANO et al., 2018). Porém, por apresentarem
elevada quantidade de lipideos, as améndoas tendem a ser mais utilizadas para a obtencdo de
6leo para diferentes fins industriais, como alimenticios, cosméticos, farmacéuticos e de
biodiesel (COIMBRA; JORGE, 2011b, RIO et al., 2016; SANTOS; SALOMAO, 2017).

Na obtencdo do 6leo das améndoas, o principal subproduto obtido é a torta. Esta,
assim como a polpa, apresenta alto valor nutricional (SILVA; ANDRADE, 2011; SADH et
al., 2018), destacando-se pela presenca das fibras. Dessa forma, ambas sdo fontes
considerdveis de nutrientes para alimentacdo humana, podendo ainda apresentar potencial
prebidtico.

Os prebidticos sdo substratos alimentares que beneficiam o individuo estimulando
seletivamente os microrganismos hospedeiros (GIBSON et al., 2017), promovendo melhorias
na saude como o aumento da absor¢do de minerais, estimulo do sistema imunoldgico,
prevencdo do céncer de colon e de infecgbes gastrointestinais, e a reducdo do tempo de
transito intestinal (SAAD et al., 2013; SANDERS et al., 2014; GIBSON et al., 2017; TSAI et
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al., 2019).

Os consumidores estdo mais conscientes em relacdo ao binémio alimentacéo e salde,
0 que tem contribuido com um estilo de vida saudavel e pela busca por alimentos que
contenham compostos capazes de promover beneficios ao organismo, como 0s prebidticos
(CORRADINI; LANTANO; CAVAZZA, 2013; SHARMA et al.,2016). No entanto, grande
parte dos prebidticos comerciais disponiveis nos mercados possui um custo elevado, néo
sendo economicamente viaveis para a maioria da populacéo.

Neste contexto, a torta e a polpa dos frutos de macauba e jeriva que possuem elevado
teor de fibras e que podem apresentar potencial prebidticos, aléem de possuirem baixo custo,
devem ser investigadas. Diante disso, 0 objetivo deste projeto foi caracterizar a polpa e a torta

dos frutos macauba e jeriva e avaliar o seu potencial prebiotico.
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2 REFERENCIAL TEORICO

2.1 Caracteristicas dos frutos das palmeiras de jeriva e macauba

O Brasil é um pais muito rico em recursos naturais pela sua vasta area territorial com
uma fauna e flora diversificada, apresentando varias espécies frutiferas que ainda sdo pouco
conhecidas, mas que possuem um grande potencial para ser utilizado na agroinddstria, como
por exemplo, as palmeiras (SILVA-CARDOSO; SOUZA; SCHERWINSKI-PEREIRA,
2017).

As palmeiras da familia Arecaceae sdo consideradas espécies de plantas promissoras
para extracdo de Oleos vegetais, que podem ser empregados em varios setores industriais
(COIMBRA; JORGE, 2011b; RIO et al., 2016; SANTOS; SALOMAO, 2017). Essas, tém
sido extensivamente pesquisadas devido a suas propriedades nutricionais, sensoriais e pelo
alto teor de 6leo (SILVA-CARDOSO; SOUZA; SCHERWINSKI-PEREIRA, 2017).

Segundo Colombo et al. (2018), o dleo das palmeiras representa aproximadamente
40% da producdo de Oleo vegetal do mundo. Dentre as palmeiras, destaca-se a macalba
(Acrocomia aculeata) e o jeriva (Syagrus romanzoffiana) que pelo contetdo nutricional dos
seus frutos tem atraido atencdo das industrias.

A macauba (FIGURA 1) também conhecida como “bocaitiva”, “coco catarro”,
“macabira”, “mocajuba” e “macaiba”, estd presente em varios paises da América Latina,
sendo que no Brasil se concentra nas regides Sudeste e Centro-oeste (HIANE et al., 2006;
SILVA; ANDRADE, 2011). A palmeira da macauba pode chegar a mais 16 metros de altura e
produz grandes cachos de frutos. O fruto é ovalado e possui de 3 a 5 cm de didmetro, na parte
externa tem uma casca amarronzada dura (epicarpo) e internamente uma polpa carnuda
amarela (mesocarpo), juntos os dois representam cerca de 58% da fruta, esses envolvem a noz
(representando 42%). A noz presente no centro € constituida por um endocarpo duro que
envolve de uma a trés castanhas brancas (endosperma) (SILVA; ANDRADE, 2011;
MONTOYA et al.; RIO et al., 2016; COLOMBO et al., 2018).
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Figura 1 — Fruto da Macauba

Legenda: A — Fruto com epicarpo; B- Detalhes da macatiba com mesocarpo, endocarpo e endosperma.
Fonte: Do autor (2019).

Ja o jeriva (FIGURA 2), conhecido como “pind6¢”, “chiriva”, “Yba Pita” e “palmeira
rainha” (FALASCA; FRESNO; ULBERICH, 2012), estd amplamente distribuido no Brasil,
como no sul da Bahia, Espirito Santo, Minas Gerais, Sdo Paulo e Rio Grande do Sul
(COIMBRA; JORGE, 2011a). O fruto pode ser redondo ou oval com aproximadamente 3 cm,
a parte externa é constituida por uma polpa doce, carnuda e fibrosa com coloragdo amarelo-
avermelhada ou laranja quando maduro (mesocarpo) que envolvem uma noz dura (endocarpo)
que internamente possui uma améndoa branca oleosa (endosperma) (COIMBRA; JORGE,
2011a; FALASCA; FRESNO; ULBERICH, 2012).

Figura 2 — Fruto do Jeriva

T H ‘o B
Legenda: A — Jeriva; B- Detalhes do jeriva com mesocarpo, endocarpo e endosperma.
Fonte: Do autor (2019).

Os principais componentes obtidos dos frutos da macalba e jeriva sdo a polpa e a
améndoa. A polpa dos frutos pode ser consumida in natura ou em produtos como biscoitos,
bolos, sorvetes, sucos, doces entre outros, assim como a améndoa (COIMBRA; JORGE,
2011a; CICONINI et al., 2013; LESCANO et al., 2018). No entanto, por apresentar alto
teorde lipideos, 0 uso destes frutos estd mais voltado para a produgéo de dleo, que pode ser
extraido da améndoa e também da polpa, no caso da macauba. Ambos os Gleos sdo
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comumente utilizados nas industrias de alimentos, cosméticos, farmacéuticos e de
biocombustiveis (CICONINI et al., 2013; RIO et al., 2016).

Em um estudo realizado por Coimbra e Jorge (2011a), onde foi avaliada a composicéao
nutricional da polpa e da améndoa da macauba e jeriva, verificou-se que os dois frutos
apresentam alto valor nutricional. Em relagdo a macauba, o teor de proteina é mais encontrado
na améndoa do que na polpa, 28,61% e 6,72%, respectivamente. Os lipideos também estéo
presentes em maiores quantidades na améndoa do que na polpa (46,06% e 28,94%,
respectivamente). Ja o teor de fibras e carboidratos encontra-se mais elevados na polpa, sendo
assim, a polpa apresenta 20,16% de fibra, contra 12,49% na améndoa. E carboidrato, 36,22%
na polpa e 5,81% na améndoa. As cinzas foram semelhantes para polpa e améndoa, 2,17 % e
2,08%, respectivamente.

O jerivéa possui valor nutricional muito semelhante a macadba, com maiores teores de
proteinas e lipideos na améndoa do que na polpa, e, fibras e carboidratos mais presentes na
polpa. Com relagdo as proteinas, a améndoa apresentou 23,98% e a polpa 5,41%, ja os valores
para lipideos foram 56,37% e 7,48%, respectivamente. Para as fibras obteve-se 26,98% para a
polpa e 10,99% na améndoa, e para os carboidratos 49,20% e 3,01%, respectivamente. As
cinzas apresentaram maiores teores na polpa (3,21%) do que na améndoa (1,71%)
(COIMBRA; JORGE, 2011a). A composicdo desses frutos sugerem que tanto a améndoa
como a polpa desses frutos tém grande potencial de serem estudadas e aplicadas para elevar o

valor nutricional de diversos produtos alimenticios.

2.2 Tortas das améndoas da macauba e jeriva e o potencial uso na alimentacdo humana

No processo de extracdo de 6leo de macauba e jeriva sdo obtidos dois principais
subprodutos, a casca (epicarpo e endocarpo) e a torta que pode ser obtida da améndoa e da
polpa (para a macauba). Porém, como o maior volume de producéo de Gleo é obtido a partir
da améndoa, grande parte das tortas provém da mesma (CICONINI et al., 2013).

Normalmente, esses subprodutos séo descartados, utilizados para alimentacdo animal,
por ndo possuirem compostos antinutricionais ou toxicos, e também na geracdo de energia
(biomassa) (CICONINI et al., 2013). O principal deles, a torta, obtida a partir da extracdo de
6leo de oleaginosas é constituida de oleo, solidos remanescentes e solidos dissolvidos, sendo
sua composi¢éo determinada com base no seu substrato (SADH et al., 2018).

De acordo com Silveira (2014), a torta de macauba obtida da améndoa apresenta
47,35% de lipideos, 17,73% de proteinas, 2,71% de cinzas, 25,89 % de carboidratos e 41,48%
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de fibras alimentares. Os resultados das pesquisas demonstram que essas tortas apresentam
valor nutricional elevado, destacando pelo teor de fibras (SILVA; ANDRADE, 2011),
podendo ser aplicadas no desenvolvimento de produtos, como os cookies (SILVEIRA, 2014).

Em relacdo as tortas de jeriva observa-se que essas ainda ndo foram caracterizadas.
Porém, pela composicdo dos frutos e pela sua semelhanga nutricional com o fruto da
macalba, acredita-se que a torta de jeriva apresenta valores nutricionais semelhantes ou até
superiores ao da macauba, por isso é necessario desenvolver estudos caracterizando melhor as
tortas, uma vez que demonstram potencial de possuirem um elevado valornutricional.

Segundo Santos et al. (2015), a utilizacdo de subprodutos como matéria-prima para
desenvolver produtos tem demonstrado significancia comercial, devido ao interesse mundial
crescente das industrias sobre a sustentabilidade, reducdo de residuos alimentares e
desenvolvimentos de produtos com propriedades funcionais. Além disso, as novas tendéncias
da populacéo se referem a busca por alimentos nutritivos, saudaveis e naturais.

Com base nesses dados, o reaproveitamento da torta trata-se de uma questédo ambiental
e econdmica, pela reducdo da poluicdo e pela adicdo desses componentes no desenvolvimento
de novos produtos, agregando valor nutricional e sabor (SANTOS et al., 2015), sendo assim,
apesar dos poucos estudos caracterizando 0s aspectos nutricionais das tortas e a sua
aplicabilidade, a utilizacdo delas e da polpa podem ser eficazes para o desenvolvimento de

produtos potencialmente nutritivos.

2.3 Alimentos Funcionais

Os alimentos funcionais, bem como o termo, foram introduzidos inicialmente no Japao
no fim da década de 80 como um termo de marketing, sendo conhecidos como Foods for
Specific Health Uses (FOSHU) e definidos como “produtos alimenticios fortificados com
consituintes especiais que possuem efeitos fisiologicos vantajosos” (MARTIROSYAN;
SINGH, 2015). Devido a inexisténcia de um termo universal aceito para os alimentos
funcionais, ao longo dos anos, surgiram diversas definigdes, como: ““ um alimento semelhante
a um alimento convencional, consumido como parte da dieta habitual, com beneficios
fisioldgicos demonstrados e/ou para reduzir risco de doenca cronica além de fornecer funcdes
nutricionais béasicas” (SANGAWAN et al., 2011). Ou entdo, como “alimento natural ou
processado que contém compostos biologicamente ativos conhecidos ou desconhecidos, que,
em quantidades ndo todxicas eficazes, proporcionam um beneficio de salde clinicamente

comprovado e documentado para a preveng¢do, manejo ou tratamento de doengas cronicas”
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(MURRAY et al., 2018).

No Brasil, a legislagdo ndo permite a utilizagdo do termo “alimentos funcionais”,
sendo permitida apenas a alegacao de propriedades funcionais, mediante a demonstracdo da
eficacia por meio de comprovacdo cientifica da alegacdo de funcional e / ou de salde e da
seguranca do seu uso. Segundo a Resolucdo n°18 de 30 de abril de 1999, o alimento ou
ingrediente com alegacdo de propriedade funcional é “aquela que relativa ao papel metabolico
ou fisiolégico que o nutriente ou nao nutriente tem no crescimento, desenvolvimento,
manuten¢do e outras fungdes normais do organismo humano” (BRASIL, 1999).

A funcionalidade de um alimento estd associada com a presenca de componentes
bioativos ou fitoquimicos podendo estar contido naturalmente em um produto ou adicionado
de um ingrediente especifico para otimizar as propriedades benéficas (FIGUEROA-
GONZALEZ et al., 2011; WELLS et al., 2017). Segundo Al-Sheraji et al. (2013), os
alimentos funcionais podem ser: alimentos usuais com substancias bioativas naturais (fibras);
alimentos suplementados com substancias bioativas (antioxidantes) e ingredientes alimentares
derivados introduzidos em alimentos convencionais (prebidticos).

Os alimentos funcionais sdo uma alternativa para fornecer aos consumidores um
produto saudavel que conferem beneficios para a satde. Além disso, a microbiota intestinal
desempenha processos essenciais em diversas atividades metabolicas e fisiologicas, por
exemplo, na digestdo, respostas imunes, absor¢do de nutrientes, crescimento e na inibicdo da
colonizacdo de patdgeno oportunista (PUSCEDDU; MURRAY; GAREAU, 2018), por isso, a
simbiose da microbiota com o hospedeiro é essencial para a salde, ao contrério, a disbiose
aumenta a probabilidade de doengas, por isso, a microbiota intestinal pode ser alvo para a
intervencdo nutricional para promover melhoras a salde, pois a sua composicao e atividade,
bem como sua funcdo, podem ser influenciadas por varios fatores externos, incluindo a
ingestdo de alimentos funcionais (LAPARRA; SANZ, 2010; DI et al., 2018), sendo o de
maior segmento deste mercado os alimentos destinados para melhorar a saide intestinal,

como por exemplo, os prebidticos e os probidticos (SALMERON, 2017).

2.3.1 Fibras Alimentares

O crescente interesse dos consumidores, pesquisadores e da industria de alimentos por
produtos alimenticios que atuam na salde do organismo, contribuiu com o aumento na
investigacdo sobre o papel da dieta e de ingredientes que colaboram na prevengéo e

tratamento de doencas, como no caso das fibras, as quais tém sido apontadas como um dos
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trés principais componentes que influenciam na decisdo de compra de alimentos pelos
consumidores (LOPEZ-MARCOS et al., 2015).

A Codex Alimentarius define fibra dietética como todos os polimeros de carboidratos
de trés ou mais unidades monomeéricas que resistem a digestdo no intestino delgado (Codex
Alimentarius , 2008; SAWICKI et al., 2017). No entanto, o termo e a definicdo de fibra
dietética sdo amplamente discutidos em todos os paises, surgindo diversas definicdes.
Segundo Fuller et al. (2016) uma definicdo universalmente aceita é que a fibra consiste em
um grupo de polimeros e oligbmeros de carboidratos e lignina que ndo sao digeridos no
intestino delgado e no intestino grosso, sdo parcial ou completamente fermentados pela
microbiota intestinal. Ja de acordo com de Li et al. (2017) a fibra dietética pode ser definida
como “as partes comestiveis de plantas ou carboidrato analogos que séo resistentes a digestao
e absorcdo no intestino delgado, que podem sofrer fermentacdo completa ou parcial no
intestino grosso”. Segundo Sandanamudi et al. (2016) ¢ estabelecido, ainda, que proteinas que
resistem a enzimas gastricas e exibem atividade fisioldgicas pertencem a categoria de fibras
alimentares.

A ingestdo alimentar de fibras recomendada baseia-se na quantidade estabelecida pela
DRIs (Dietary Reference Intakes), que apresenta valores de Ingestdo Adequada (Al) baseada
no nivel médio de ingestdo de fibra observado para obter o menor risco de doenca
coronariana. As recomendacdes diferem segundo a idade e sexo, e também da condicdo
(gestante ou lactante), sendo que as recomendac¢fes de ingestdo inferiores para criangas e
idosos (INSTITUTE OF MEDICINE, 2005; DAHL;STEWART, 2015)

As fibras dietéticas sdo heterogéneas, por isso, apresentam diferentes classificacoes,
incluindo origem, composicao quimica e propriedades fisico-quimicas. Em relacdo a origem,
as fibras podem ser derivadas de cereais, graos, frutas, legumes, nozes, etc, sendo que as
fibras presentes em diferentes tipos de plantas apresentam composi¢des quimicas e
propriedades fisico-quimicas variaveis. As caracteristicas fisico-quimicas das fibras esta
relacionado a fermentabilidade, solubilidade e viscosidade, as quais afetam os efeitos
terapéuticos do consumo (HOLSCHER, 2017).

Apesar das diversas classificacOes existentes para as fibras, a mais comum se refere a
sua solubilidade em agua, sendo sollveis e insoltveis. As fibras soltveis (pectina, frutanos,
polissacarideos, beta-glucanas, entre outros) (GOMEZ; MARTINEZ, 2017; SHARMA et al.,
2016), formam géis e sdo capazes de adsorver e reter agua, minerais, gorduras e agucares,
podendo assim, promover diminuic¢do dos niveis de colesterol total e LDL, retardar a absor¢ao

da glicose, e sdo mais prontamente fermentaveis pelas bactérias do intestino grosso do que as
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fibras insolUveis, podendo estimular a fermentagdo intestinal e a producgdo de acido latico e
acidos graxos de cadeia curta (AGCC) como 0 aceético, butirico e propidnico, os quais podem
afetar beneficamente a saide (LI et al., 2017; WEICKERT; PFEIFFER, 2018; RESENDE;
FRANCA; OLIVEIRA, 2019).

J& as fibras insollveis em &gua e fluidos gastrointestinais (hemicelulose, celulose e
lignina) s&o formadas por particulas densas e, geralmente, ndo séo fermentadas por bactérias
intestinais (GOMEZ; MARTINEZ, 2017; SHARMA et al., 2016). Estas fibras ndo
apresentam valor calérico em comparacdo com a fibra solivel, aumentam a taxa de transito
intestinal reduzindo o tempo disponivel para a fermentagdo bacteriana, no entanto, s&o
capazes de se ligar a carcinogénicos, mutagénicos e produtos quimicos toxicos formados na
digestdo de alimentos e remover estas substancias pelas fezes (HOLSHER et al., 2017;
PRASAD; BONDY, 2019).

De forma geral, as fibras sdo capazes de aumentar o volume e a viscosidade das fezes
contribuindo para o funcionamento intestinal; promover saciedade e a redugdo de doenca
inflamatdria; cancer colorretal e outros canceres; obesidade; diabetes tipo 2 e doenca
cardiovascular. Além de promover o controle de peso e o bem-estar geral (GULLON et al.,
2015; GOMEZ; MARTINEZ, 2017; PRASAD; BONDY, 2019).

A maior parte das fibras, solUveis e insoluveis, sdo encontradas nos alimentos e a
proporcéo do tipo de fibra depende da alimentacdo. Nas frutas e vegetais frescos contém mais
fibras sollveis do que insollveis, enquanto que nos cereais a maior proporcdo é de fibra
insoltveis (PRASAD; BONDY, 2019).

As fibras ganharam importéncia pela sua ampla e facil disponibilidade nos alimentos e
dos seus beneficios para a salde. Existe uma gama de componentes alimentares que podem
ser utilizados como fonte de fibras, para atender os requisitos nutricionais e de satde. Dentre
elas as frutas, 0s vegetais e 0s subprodutos do processamento de alimentos que apresentam
grande potencial para serem utilizados em diversos produtos alimentares, por apresentarem
alto teor de fibras e antioxidantes (fendlicos e carotendides), combinando assim os efeitos
benéficos de ambos (LOPEZ-MARCOS et al., 2015; SHARMA et al., 2016; RESENDE;
FRANCA; OLIVEIRA, 2019).

2.3.2 Prebioticos

O conceito prebidtico foi definido inicialmente em 1995 como um ingrediente

alimentar néo digerivel que afeta beneficamente o hospedeiro estimulando seletivamente o
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crescimento e / ou atividade de um numero limitado de bactérias no célon (GIBSON;
ROBERFROID, 1995). Em 2004, a definicdo de prebidtico foi alterada para “ingrediente
seletivamente fermentado que proporcionam mudancgas especificas na composicdo e / ou
atividade da microbiota gastrointestinal que conferem beneficios ao bem-estar e satde do
hospedeiro”. Conforme esta definicdo foi definida trés caracteristicas principais de um
prebidtico: (1) resistir a acidez gastrica, a hidrélise de enzimas digestivas e absor¢do
intestinal; (2) ser fermentavel por géneros / espécie da microbiota do intestinal; (3) efeito
seletivo no crescimento e / ou atividade da microbiota intestinal relacionada a saude e ao bem-
estar do hospedeiro (GIBSON et al., 2004).

No entanto, devido aos avangos das pesquisas e do conhecimento, esse conceito assim
como outros que foram definidos ao longo dos anos, sofreram diversas modificacdes até a
mais recente definicdo de prebidtico: um substrato que é utilizado seletivamente por
microrganismos hospedeiros que conferem beneficio a satde (GIBSON et al., 2017).

Os prebidticos ndo sdo os Unicos componentes a afetar a microbiota, mas sdo o0s Unicos
capazes de promover a seletividade sobre os microrganismos. Anteriormente, o termo
“seletivamente” era utilizado apenas para se referir as espécies Bifidobacterium e
Lactobacillus (HUTKINS et al., 2015; GIBSON et al., 2017). Entretanto, hoje sabe-se que 0s
substratos prebiodticos podem ser utilizados, por fermentacdo ou outras vias metabélicas, por
outros microrganismos do intestino que podem promover efeitos benéficos a saide, incluindo
Faecalibacterium prausnitzii, Anaerostipes spp, Akkermansia muciniphila e Roseburia spp,
porém esses microrganismos podem variar de acordo com o hospedeiro. Dessa forma, o efeito
seletivo ndo se restringe apenas a um grupo de microrganismos, mas sim a algumas espécies
microbianas, com excecdo aos patogénicos (HUTKINS et al., 2015; ESPIN et al., 2017;
GIBSON et al., 2017).

A nova definicdo permitiu ndo apenas incluir outros microrganismos como
probidticos, mas também outros componentes alimentares que podem promover o0
crescimento microbiano seletivo (ESPIN et al., 2017). Atualmente, os prebidticos ja
instituidos sdo a base de carboidratos, como alguns oligossacarideos formados por cadeia
curta de 3 a 10 mondmeros de carboidrato (por exemplo, frutooligossacarideos e
galactooligossacarideos) e a inulina, uma mistura de frutooligossacarideo e polissacarideo
(SAAD et al.,, 2013; BRUNO-BARCENA; AZCARATE-PERIL 2015). Porém, outras
substancias, como alguns peptideos e proteinas (DUDA-CHODAK et al., 2015; MARTINEZ-
GUTIERREZ et al., 2017), polifendis e os acidos graxos poliinsaturados, convertidos nos

respectivos acidos graxos conjugados, também podem se enquadrar na definicdo desde que
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sua eficacia seja aprovada em testes in vitro e in vivo (hospedeiro alvo) (SAAD et al., 2013;
GIBSON et al., 2017).

A fermentacdo dos prebidticos depende das propriedades fisico-quimicas
(comprimento da cadeia, grau de polimerizacdo e ramificacdo), dosagem e da composi¢ao
microbiana do individuo que o consome. Sendo assim, seus efeitos benéficos dependem,
principalmente, da influéncia na microbiota intestinal e dos metabolitos produzidos, pois séo
utilizados como fonte de energia no processo de fermentacao, estimulando o crescimento de
microrganismos especificos, tornando a microbiota do hospedeiro mais saudavel (LAPARRA,;
SANZ, 2010; HOLSCHER, 2017). Na fermentacdo esses microrganismos produzem gases
(por exemplo, didxido de carbono e hidrogénio), acido latico e &cidos graxos de cadeia curta
(AGCC), como o acético, butirico e propibnico, que, por sua vez, podem promover melhoras
na saude local e sisttmica (RASTALL; GIBSON, 2015; PATCHARATRAKUL,;
GONLACHANVIT, 2016).

Os metabdlitos produzidos podem ser utilizados pelas células epiteliais do colon
humano, estimulando o seu crescimento; atuar na manutencdo do pH luminal, inibindo a
proliferacdo de microrganismos patogénicos e influenciando na motilidade intestinal (TSAI et
al., 2019); promover aumento na absorcdo de minerais, principalmente calcio e magnésio;
estimular o sistema imunoldgico; atuar na prevencao do cancer de colon e, de infeccdes e
inflamagdes gastrointestinais; aliviar alergias; alterar metabolismo lipidico reduzindo o
colesterol e triglicérides; e até mesmo atuar na saiude mental, influenciando nos disturbios
cerebrais, na funcdo cerebral e cognicdo (SAAD et al.,2013; AL-SHIREAIJI et al., 2013;
GIBSON et al., 2017; TSAl et al., 2019).

Alguns prebidticos, assim como as fibras, podem regular o tempo de transito intestinal,
aumentando o volume da massa fecal; reduzir a prevaléncia e duracdo da diarreia associada ao
antibidtico; retardar a absorcao de glicose; promover saciedade e perda de peso (LAPARRA;
SANZ, 2010; SANDERS et al., 2014; PANDEY et al., 2015).

2.3.3 Probiéticos

O trato gastrointestinal (TGI) humano possui um grande e diverso numero de
diferentes microrganismos que formam um ecossistema complexo chamado de microbiota
intestinal (SANCHEZ et al., 2017). A colonizagio da microbiota intestinal humana ocorre ao
longo dos anos, iniciando no nascimento e comeca a se estabilizar nos primeiros anos de vida,

apresentando maior complexidade e diversidade na idade adulta, em individuos saudaveis,
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enquanto que na senescéncia essa diversidade é reduzida (TSAI et al., 2019). Estima-se que 0

intestino de um adulto seja composto de um ecossistema com 1013a 1014Unidades Formadoras
de Colbnias (UFC) de células bacterianas, sendo aproximadamente 10 vezes mais do que 0
total de células somaticas humanas e possuindo uma capacidade metabolica 100 vezes maior
do que o figado humano (DUDA-CHODAK et al., 2015; SANCHEZ et al., 2017; OZDAL et
al., 2016; TSAl et al., 2019).

A densidade populacional da microbiota intestinal sofre uma variagdo ao longo do

8 10
TGI, na boca a estimativa é de 10 a 10 UFC de bactérias / g de saliva, no estbmago essa
2 3
populacdo é reduzida de forma significativa para aproximadamente 10 a 10 UFC / g de suco

gastrico e aumentando novamente no ileo e c6lon, com 1010UFC e 1010a 1012UFC / g de
conteudo fecal, respectivamente, demonstrando que o célon abriga a maior concentracdo
microbiana (DUDA-CHODAK et al., 2015; SANCHEZ et al., 2017; TSAl et al., 2019).

Evidéncias sugerem que a microbiota intestinal compreende em mais de 100 espécies
diferentes, mas apesar da diversidade de espécies, amostras coletadas de diferentes individuos
demonstram que a maioria pertence aos filos Firmicutes e Bacteroidetes, e
secundariamenteaos filos Actinobacteria, Proteobacteria, Synergistetes, Fusobacteria e
Verrucomicrobia, ja os fungos e Archaea representam apenas 1% das espécies da microbiota
(DUDA-CHODAK et al., 2015; SANCHEZ et al.,2017).

No entanto, a constituicdo e a proporcao de diferentes espécies da microbiota intestinal
¢ muito diversificada entre os seres humanos, devido a variabilidade interindividual, pois
grande parte da microbiota € afetada por fatores que contribuem para uma composicdo
microbiana Unica de um individuo, como o tipo de parto, nutricdo na infancia, idade, origem,
ambiente, estresse, grau de higiene, uso de drogas (antibidticos), e principalmente, os habitos
alimentares (DUDA-CHODAK et al., 2015; SANCHEZ et al., 2017; TSAI et al., 2019).

A ingestdo alimentar € um dos fatores mais determinantes para a diversidade
bacteriana do intestino, a maior parte dos microrganismos que atingem o intestino ¢ através da
ingestdo de alimentos, incluindo o consumo de probidticos (GALDEANO et al., 2019).
Segundo KANDYLIS et al. (2016) a palavra probiotico deriva da lingua grega e significa
“para a vida”, e sdo definidos como “microrganismos vivos que, quando administrado em
quantidades adequadas, conferem beneficio a saide do individuo” (HILL et al., 2014;
ANVISA 2018).

Os probioticos sdo, em grande parte, de origem humana e animal e habitantes normais

do TGI. Entretanto, varios desses microrganismos foram isolados de alimentos fermentados,
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sendo a maioria das cepas probioticas dos géneros Lactobacillus e Bifidobacterium
(KANDYLIS et al., 2016). Atualmente, os probioticos aprovados para utilizagdo em
alimentos pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA) sao os L. acidophilus, L.
casei shirota, L. variedade rhamnosus, L. variedade defensis, L. paracasei, L. lactis, B.
bifidum, B. animallis (incluindo a subespécie B. lactis), B. longum e Enterococcus faecium
(ANVISA, 2008). Porém, com a realizacdo de novas pesquisas avancadas estdo surgindo
novos géneros e cepas probidticas (PANDEY et al.,2015).

A ANVISA (2008) também estabelece a quantidade minima de adicdo dos probidticos

em alimentos, devendo estar situada na faixa de 108a 109UFC na recomendacdo diaria do
produto pronto para 0 consumo, pois é necessario uma certa quantidade viavel de
microrganismos que possam afetar a ecologia, a fisiologia e 0 metabolismo intestinal local, e
assim, exercer os efeitos benéficos a saude (KANDYLIS et al., 2016; TSAI et al., 2019).

Os efeitos benéficos dos probidticos incluem a prevencdo de diarreia, obstipacdo e
infeccdo; alivio nos sintomas de alergia e da sindrome do intestino irritavel; prevencdo do
cancer e de alergias; reducdo da resposta inflamatéria intestinal; melhora na
biodisponibilidade de nutrientes; inibicdo da proliferacdo de bactériaspatogénicas.
Osprobioticos também demonstram ter efeito no envelhecimento, autismo, obesidade,
osteoporose e diabetes tipo 2 (PANDEY et al., 2015; GALDEANO et al., 2019). Embora
varios mecanismos sejam representados em uma Unica cepa, nenhum probidtico
individualmente exerce todos os efeitos benéficos (HILL et al., 2014).

Os probidticos exercem seus efeitos através de varios mecanismos (1) producdo de
substancias inibitorias e antimicrobianas como H202, &cidos organicos, bacteriocinas, AGCC
entre outras; (2) compete com as bactérias patogénicas pelos nutrientes e sitios de adeséo; (3)
degrada toxinas e blogueia os seus receptores; (4) modula as respostas imunes; (5) melhora a
funcdo da barreira do revestimento epitelial (PANDEY et al., 2015; SANCHEZ et al., 2017).

Portanto, devido a interacBes diretas ou indiretas, a microbiota intestinal esta
intimamente associada com a saude do hospedeiro. A atividade bioquimica desse ecossistema
pode gerar compostos saudaveis e também potencialmente prejudiciais da dieta, por isso, 0
equilibrio dessa microbiota é essencial para a manutencdo da salde humana (LAPARRA,;
SANZ, 2010; DUDA-CHODAK et al., 2015; OZDAL et al., 2016). Sendo assim,
ahomeostase intestinal pode ser alcancada por diversas estratégias nutricionais, incluindo a
ingestdo de probidticos e outros componentes funcionais dos alimentos, por exemplo, 0s
compostos fendlicos (LAPARRA; SANZ, 2010; OZDAL et al., 2016).
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2.4 Compostos fendlicos e a microbiota intestinal

Os compostos fenolicos sdo metabolitos secundarios de plantas e sdo altamente
variaveis em sua estrutura e ocorréncia, sendo encontrados em alimentos como frutas,
vegetais, ervas, sementes e cereais, e bebidas (café, cha e vinho) (OZDAL et al., 2016; ESPIN
et al., 2017). Nos ultimos anos, esses compostos tem atraido grande atengdo da comunidade
cientifica devido aos seus potenciais efeitos benéficos para saude, que incluem propriedades
antioxidantes, vasodilatadoras, anticancerigenas, antimicrobianas, anti-ulcera, anti-
coagulantes, anti-inflamatérias (OZDAL et al., 2016), imunomoduladoras (LAPARRA,;
SANZ, 2010), também atua na melhora do desempenho muscular (TOMAS-BARBERAN;
SELMA; ESPIN, 2018) e estdo associados na prevencdo de doencas cronicas, por exemplo,
cardiovasculares, diabetes, obesidade, doencas neurodegenerativas, entre outras (OZDAL et
al., 2016).

No entanto, os estudos ainda sdo escassos para sugerir uma quantidade ideal a ser
ingerida, pois os efeitos benéficos dos polifendis dependem de diversos por fatores, como sua
biodisponibilidade, bioacessibilidade, bioatividade, alta variabilidade, interacdo com outros
componentes alimentares (por exemplo, fibras) e com a microbiota intestinal (VALDES et al.,
2015). A interagdo entre os polifendis e a microbiota intestinal, tem sido amplamente
estudado, e atualmente, sabe-se que a microbiota é capaz de exercer um papel essencial na
funcionalidade dos compostos fenolicos.

Evidéncias sugerem que apds a ingestdo dos polifendis, uma pequena quantidade é
absorvida pelo intestino delgado, estima-se que apenas 5 a 10% da ingestdo total seja
absorvida, sendo assim, uma grande parte (90 a 95% do total ingerido) pode acumular no
I[imen do intestino grosso, onde sdo expostos a microbiota intestinal, promovendo uma reacéo
bidirecional entre os compostos fendlicos e a microbiota (CARDONA et al., 2013; FARIA et
al., 2014; OZDAL et al., 2016), uma vez que as estruturas polifendlicas sofrem acéo
enzimatica da microbiota intestinal e s&o biotransformados em seus metabolitos fenolicos de
baixo peso molecular que possuem maior biodisponibilidade e maior atividade biolégica do
que a sua estrutura precursora. Ao mesmo tempo, os polifendis modulam a composi¢édo
microbiana do intestino, inibindo as bactérias patogénicas e estimulando o crescimento das
bactérias comensais incluindo bactérias benéficas (lactobacilos e bifidobactérias), por servir
como substrato para o crescimento das mesmas (GONZALEZ-SARRIAS, et al., 2017;
OZDAL et al., 2016).

Esta relacdo mutua pode contribuir com com a satde do hospedeiro. Primeiro, devido
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a maior atividade biologica dos polifendis e, segundo, pelo efeito prebiotico seletivo desses
compostos que modulam a microbiota intestinal, exercendo atividade antimicrobiana contra
bactérias patogénicos do intestino e estimulando a acdo das bactérias comensais, essas por sua
vez, podem proteger contra distdrbios gastrointestinais e patogénicos, processando nutrientes,
fortalecendo juncOes epiteliais, aumentando a secrecdo de muco e modulando a resposta
intestinal imune através do estimulo de citocinas (CARDONA et al., 2013; OZDAL et al.,
2016; ESPIN et al., 2017) e promover uma modulacdo positiva das bactérias anti-obsidade
Akkermansia muciphila e Faecalibacterium prausnitzzi (GONZALEZ-SARRIAS, et al.,
2017).

Segundo Tomas-Barberan, Selma e Espin (2018) os diferentes efeitos a saude
relacionado a ingestdo de polifendis podem estar associados com os diferentes metabdlitos
produzidos pela microbiota intestinal, sendo assim, um determinado polifenol pode gerar
diferentes metabolitos dependendo da composicao especifica da microbiota de cada individuo,
e, portanto, promover diferentes efeitos bioldgicos. Além dessa variabilidade interindividual
da microbiota intestinal, as diferencas individuais na ingestdo diaria de compostos fendlicos,
incluindo a dosagem e a estrutura quimica dos polifenois, também podem estar associados
com as diferencas na biodisponibilidade e bioeficacia dos polifendis e dos seus metabdlitos,
por isso, estas diferengcas podem influenciar na composicdo e / ou funcdo da microbiota
intestinal (CARDONA et al., 2013; ESPIN et al., 2017; GONZALEZ-SARRIAS, et al.,
2017).

Portanto, os polifen6is podem modular a composi¢cdo microbiana intestinal e,
consequentemente, podem influenciar indiretamente no seu proprio metabolismo e
biodisponibilidade (DUDA-CHODAK et al., 2015). Este fato evidencia que os polifendis da
dieta e seus metabdlitos contribuem para a promogéo da salde intestinal, porém mais estudos
sobre a associacdo dos polifendis e a microbiota intestinal sdo fundamentais para
compreender melhor a funcionalidade desses compostos e os seus efeitos sobre a saude
(DUDA-CHODAK et al., 2015; VALDES et al., 2015).
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3 CONSIDERACOES FINAIS

A polpa e as tortas de jeriva e macalba sdo fontes consideraveis de nutrientes para
alimentacdo humana, essas apresentam alto teor energético, de lipideos, carboidratos e de
fibras, mas ainda ndo foram estudadas como substratos com potenciais prebioticos, além
disso, o desenvolvimento de ingredientes funcionais e 0 seu consumo na alimentagdo humana
tém esbarrado na questdo econémica, por apresentarem alto custo. Neste contexto, a
caracterizacdo da polpa e torta € uma forma de identificar um novo ingrediente de baixo custo
com alegacdes de propriedades prebidticas, promovendo o aproveitamento integral dos frutos,
além de contribuir para a expansao de oferta de ingredientes funcionais para apopulacao.
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Abstract

Jeriva (Syagrus romanzoffiana) and macalba (Acrocomia aculeata) are Latin American
native palm trees belonging to the Arecaceae family, widely distributed in tropical and
subtropical areas, have low production costs and produce large amounts of fruits throughout
the year. Both jeriva and macauba pulp and kernel have nutritional relevance, especially about
fiber content. In addition, due to the high lipid content of these kernels, fruits have been used
for oil extraction. In this process kernel cake (remnant solids) is obtained, a nutritionally rich
byproduct that can be inserted into human food and that, like pulp, may have prebiotic
potential. Therefore, the objective of this work was to characterize and evaluate the prebiotic
potential of jerivd and macauba pulp and kernel cake to increase the diversity of prebiotic
foods with low consumed and economically viable fruits. For this, the characterization of
these fruits was carried out regarding the proximate composition, phenolic content and
antioxidant activity, besides evaluating the antimicrobial and fermentative capacity of the
samples with the bacteria Bifidobacterium lactis, Lactobacillus casei, Lactobacillus
acidophilus, and Escherichia coli. The results showed that jerivd and macauba pulps and
kernels cakes are nutritionally rich in terms of dietary fiber content (20.45% for PJ, 37.87%
TJ, 19.95% PM and 35.81% TM) and antioxidant activity, especially PJ, which in addition to
the high antioxidant activity by the ABTS and DPPH method (2498.49 uM Trolox / g fruit
and 96.97 g fruit / g DPPH, respectively) has a high total phenolic content (850.62 mg GAE /
100 g). In addition, PJ promoted the highest growth of probiotic strains and the most
significant pH reduction when compared to FOS (commercial prebiotic), but PM, TJ, and TM
were also able to favor the growth of the evaluated strains. From the fermentation of the
evaluated samples, the probiotic microorganisms produced short-chain fatty acids (SCFAS)
such as lactic, propionic, butyric and acetic acid, which may provide benefits to the health of

individuals, showing that the fruits have relevant characteristics as potential prebiotics.

Keywords: Arecaceae. Byproduct. Fructooligosaccharide. Food fibers. Prebiotic.

Antioxidant.
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1. Introduction

Jeriva (S. romanzoffiana) and macauba (A. aculeata) are palm trees of the Arecaceae
family, which are widely distributed in tropical and subtropical areas of Latin America
(Moreira et al., 2013; Rio et al., 2016). These species are popularly used in urban landscaping,
have low production costs and produce large amounts of fruit throughout the year (Coimbra,
& Jorge, 2011; Colombo, Berton, Diaz, & Ferrari, 2018).

The fruit of the jeriva can be globose or oval with approximately 3 cm. The flesh is
fleshy, fibrous and sweet, yellow and, when ripe, orange. The inner part has a rigid endocarp
that surrounds an oily kernel (Moreira et al., 2013; Santos, & Saloméo, 2017). The macauba
fruits are globose 3 to 5 cm in diameter, with smooth epicarp, a yellow fibrous mesocarp with
sweet flavor and characteristic aroma, and an endocarp that can internally have up to four
endosperms per fruit (Colombo, Berton, Diaz, & Ferrari, Bazzo, de Carvalho, Carazzole,
Pereira & Colombo, 2018).

According to Coimbra and Jorge (2011), jerivd and macadba have high nutritional
value, highlighting the fiber content in both pulp and kernel, and sensory aspects much
appreciated. Despite this, jeriva has no commercial application yet, resulting in a large
amount of unused fruit (Silva, Siqueira, Damiani, & Vilas Boas, 2016; Carvalho, Rodrigues,
& Lima, 2019). However, recently, due to the high lipid content of kernel, jeriva has been
studied to obtain oil (Santos, & Saloméo, 2017). The process by which macalba has greater
relevance due to its lipid content (50 to 70%), notably kernel (Montoya et al., 2016; Bazzo, de
Carvalho, Carazzole, Pereira & Colombo, 2018).

The oil obtained has attractive characteristics for the industrial sector, including the
food, cosmetics, pharmaceutical, and biodiesel industries (Rio et al., 2016). However, the
process of obtaining the oil generates a large volume of remaining solids, such as kernel cake,
a great nutritional byproduct (Venkatesagowda, Ponugupaty, & Dekker, 2015; Sadh, Duhan,
& Duhan, 2018).

Fruit by-products are known to be natural sources of nutrients and various bioactive
compounds so that they may have potential use as functional ingredients (Albuquerque et al.,
2019). According to Duarte et al. (2017), fruits and their by-products are components with
prebiotic potential due to the high carbohydrate content, especially fiber. In this context, the
cake, as well as the pulp, can be inserted in human food as important sources of nutrients,
besides presenting prebiotic potential.

According to Gibson et al. (2017), Prebiotic is a substrate selectively used by host
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microorganisms that are capable of promoting health benefits to the individual. Prebiotics are
used by microorganisms as a source of energy in the fermentation process to produce
metabolites such as short-chain fatty acids (acetic, propionic, and butyric). These acids may
promote beneficial effects, such as inhibiting the proliferation of pathogenic bacteria,
increasing the bioavailability of minerals, preventing colon cancer and gastrointestinal
infections, stimulating the immune system, altering lipid metabolism by lowering cholesterol,
and regulating cholesterol intestinal transit time (Gibson et al., 2017; Tsai et al., 2019;
Galdeano et al., 2019).

Despite these benefits, most commercially available prebiotics are costly, restricting
purchase and consumption by the majority of the population, and in recent years new sources
of prebiotic ingredients have been extensively studied (Duarte et al., 2017). In this sense,
jeriva and macauba pulps and cakes, which have high fiber content and low cost, should be
investigated as substrates with economically viable prebiotic potential. Therefore, the
objective of this work was to characterize the pulp and cake of jeriva and macadba, regarding

the physicochemical characteristics, chemical composition, and prebiotic potential.

2. Material and Methods

2.1. Obtaining of samples

The steps to the samples obtaining, jeriva pulp (PJ), macauba pulp (PM), jeriva cake
(TJ) and macautba cake (TM), are shown in the flowchart of Figure 1.

The fruits (jerivd and macauba) were harvested at the ripe stage (“fall fruits”) at the
Federal University of Lavras (UFLA) in Lavras - MG and transported to the Laboratory of
Dietetic Technique and Food Technology (LTDA) of the Department of Nutrition (DNU).

First, the fruits were cleaned in running water and sanitized with sodium dichloro
isocyanurate (Startclor®) according to the manufacturer's recommendations. Then the
macauba was subjected to peeling and pulping. Since the jeriva has no epicarp, it was directly
subjected to pulping, which was performed manually with the aid of a stainless steel knife.

The endocarp (brown) was broken in a hydraulic press (Til Marcon®) and the kernels
removed with the aid of a spatula and were subjected to extraction of the oils at room
temperature using an oil extractor (Home Up Gourmet Yoda®). The process has obtained the
byproduct, called cake. The macauba and jeriva pulps and cakes were vacuum-packed in

plastic bags and wrapped in aluminum foil to protect from light and frozen (-18 ° C) for



103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

36

storage.

Finally, the samples were subjected to lyophilization. Thus, the samples were liquefied
in a blender (Mondial®) and frozen at -20 ° C for 24 hours and dehydrated in L101 freeze
dryer (Liotop®) for 72 hours. Finally, the pulp and jeriva cake was stored in glass containers

and protected from light and moisture.

2.2. Characterization of jeriva and macauba pulp and kernel cake

The analyses were performed in triplicate for the samples, PJ, PM, TJ, and TM, in the
dependencies of the Department of Nutrition (DNU) and the Department of Food Science
(DCA) of UFLA.

2.2.1. Centesimal composition and total energy value

Samples were evaluated separately for moisture, lipid (ether extract), protein, mineral
matter (ashes), dietary fiber, and carbohydrate contents.

Moisture was determined by drying in a moisture determinant (Bel engineering®), 1 g
of the sample was subjected to a temperature of 105 °C until a constant weight was obtained.
The ether extract was performed by extraction and quantification utilizing the Soxhlet
extraction apparatus using ethyl ether as solvent (AOAC, 2012). Crude protein content was
determined by the Kjeldahl method of distillation and nitrogen titration using the conversion
factor of 6.25 (AOAC, 2012). Ash determination was performed by the gravimetric method of
incineration of organic matter in the muffle furnace at 550 ° C (AOAC, 2012). Soluble (FS)
and insoluble (FI) dietary fiber were determined by the gravimetric-enzymatic method with
the enzymes (a-amylase, protease and amyloglucosidase) using the total dietary fiber kit
(Sigma®), while the total dietary fiber (FT) was obtained by the sum of FS and FI (AOAC,
1997). Moreover, the carbohydrate content was determined by difference (Diaz-Vela,
Totosaus, Cruz-Guerrero, & Pérez-Chabela., 2013). The results obtained from the analyses
were expressed as%.

The total energy value (TEV) was calculated according to Osborne and Voogt (1978),
thus applying the conversion factors for proteins and carbohydrates of 4 kcal. g * and lipids 9

kcal. g .
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2.2.2. Hydrogenionic Potential (pH)

Samples were homogenized 1:10 (1 g of the sample analyzed diluted in 9 mL of
distilled water), then the samples were filtered on filter paper and the filtrate used for reading
(Silva, Siqueira, Damiani, & Vilas Good, 2016). The pH reading was taken using a digital pH
meter (Digimed®) (AOAC, 2012).

2.2.3. Soluble solids

The samples were homogenized according to item 2.2.2 (Silva, Siqueira, Damiani, &
Vilas Boas, 2016), and the filtrate was used for reading by portable hand-held refractometer
(AOAC, 2012). The results were expressed in °Brix.

2.2.4. Total phenolic compounds content and total antioxidant activity

2.2.4.1. Preparation of extracts

The extracts were obtained in triplicate according to the methodology of Whaterhouse
(2002) with adaptations for the analysis of total phenolics and antioxidant activity by the -
carotene / Linoleic Acid System, DPPH, and ABTS. For this, 2.5 g of each sample was
weighed, and 20 ml of 50% methanol added, after homogenization, the mixture was allowed
to stand for 20 minutes in the dark, then placed in an ultrasonic bath for 15 minutes and
filtered in filter paper. The obtained supernatants were collected and added with 20 ml of
acetone (70%), homogenized, left to stand (20 minutes) and placed in an ultrasonic bath again
(15 minutes), finally, the supernatants were filtered. After the procedure, the two filtrates were

combined, and the collected extracts were stored in a freezer at -18 °C.

2.2.4.2. Total phenolic compounds (TPC)

The phenolic content was determined by the Folin-Ciocalteu method, according to
Whaterhouse (2002). For the analysis, 0.5 mL of the content of each extract, 2.5 mL of Folin-
Ciocalteu solution (10%) and 2 mL of sodium carbonate solution (4%) were used in triplicate
test tubes. Subsequently, the tubes were agitated in virtex and kept at rest for 2 h in the dark.

Absorbance reading was performed on a Spectrum® - 2000UV (720 nm) spectrophotometer,
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and the total phenolic content calculated using a calibration curve (gallic acid standard). The
curve was determined by plotting concentration (mg/ml) versus absorbance (nm), where y
corresponds to absorbance and x to concentration. Results were expressed as mg gallic acid

equivalent / 100 g sample.

2.2.4.3. Total antioxidant activity by the p-Carotene / Linoleic Acid System

The antioxidant activity obtained by the B-carotene / linoleic acid system (adapted
from Rufino et al., 2006) was performed by adding 0.4 mL of each extract dilution and 5 mL
of the B-carotene / linoleic acid system solution. The reading (470 nm) was after 2 hr of
mixing. The spectrophotometer was calibrated with hydrogen peroxide, and the results were

expressed as % oxidation protection.

2.2.4.4. Total antioxidant activity by ABTS free radical capture

The antioxidant activity was determined by adding 30 uL of each extract dilution in
the test tube with 3 mL of ABTS radical, and the tubes were agitated in vortex. The reading
was performed in a spectrophotometer (734 nm) after 6 minutes of mixing, as control was
used ethyl alcohol. Results were expressed as UM Trolox / g whole fruit (Rufino et al.,
2007b).

2.2.4.5. Total antioxidant activity by DPPH radical sequestration method

Total antioxidant activity determined from the 2.2-diphenyl radical sequestration
method, 1picrilhydraz (DPPH) according to Brand-Williams, Culiver, and Berset (1995),
adapted by Rufino et al. (2007a). First, 0.1 ml of each sample extract dilution was added to
test tubes containing 3.9 ml of DPPH radical solution and homogenized. Methyl alcohol was
used as white to calibrate the spectrophotometer. Spectrophotometer readings (515 nm) were
taken every 10 minutes until stabilization, and the results were expressed as ECso g whole
fruit / g DPPH (Duarte-Almeida et al., 2006).
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2.3. Determination of prebiotic potential

2.3.1. Microorganisms and inoculum production

Bifidobacterium lactis (BLC1), Lactobacillus casei (BGP93) and Lactobacillus
acidophilus (LA3) of the Lyofast® cultures provided by Sacco® were used as probiotics, while
Escherichia coli (EPEC 055) from the Food Microbiology Laboratory (UFLA) was used as a
pathogen.

Activation was conducted using 1 g of each lyophilized probiotic strain added in 10
mL of MRS broth (DeMan, Rogosa, and Sharpe). For the pathogen, 100 pL of each
cryopreserved strain (-20 ° C in 40% glycerol) in 10 mL of TSB (Tryptic Soy Broth) was
added. Both were incubated in the BOD at 37 ° C £ 1 ° C for 18 hours.

Subsequently, the medium with the inoculum was homogenized and, for probiotics, 5
mL was removed from the aliquot and added in 90 mL of MRS, while for pathogens 3 mL
and added in 200 mL of TSB. The bacterial concentration of the strains was determined by
turbidimetry. Thus, absorbance readings were taken on a spectrophotometer (Spectrum® SP -
2000UV) with an optical density of 620 nm for probiotics and 600 nm for pathogens until the
absorbance equivalent to one was obtained approximate cell concentration of 108 CFU mL™.

2.3.2. In vitro antimicrobial activity

The antimicrobial activity of the samples was qualitatively determined in vitro by the
wells agar diffusion technique against the probiotics B. lactis, L. casei, and L. acidophilus and
the pathogen E. coli (adapted from Marinho et al., 2019).

In the Petri plates (150 mm), with MRS-agar medium for probiotics and TSA (Tryptic
Soy Agar) for pathogens, five 8 mm wells were prepared. Subsequently, 200 pL of the
inoculum (10® CFU mL) was individually added and spread on the surface with a drigalski
loop.

The evaluated samples, jeriva pulp (PJ), macaiba pulp (PM), jeriva cake (TJ) and
macauba cake (TM) was diluted in distilled water (1 g: 10 mL) and added (40 pL). in
triplicate in the wells produced. In addition, 40 pL of the negative control (C-) consisting of
sterile distilled water, or 40 pL of tetracycline solution (100 mg / mL) solution as a positive
control (C +). Plates were made in duplicate for each sample tested and incubated at 37 ° C £

1 °C, and plates with probiotics were maintained for 72 h and pathogenic for 24 h in
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aerobiosis, except for B. lactis which was incubated in anaerobiosis using anaerobic
generators (Probac®). Finally, was observed the occurrence of inhibition halos.

2.3.3. Fermentation

Fermentation was performed for samples tested with probiotics and pathogen,
according to the methodology of Diaz-Vela, Totosaus, Cruz-Guerrero, & Pérez-Chabela
(2013) and Marinho et al. (2019) with adaptations. Different substrates were used as a carbon
source to evaluate their effect on the growth of different strains. Therefore, the culture media,
MRS, and TSB (Table 1) were developed without carbon source with a pH of 7.0 £ 0.5.

First, the media was placed in a sterile 50 ml polypropylene vials in triplicate. In the
fermentative medium, 2% of one of the evaluated samples (PJ, PM, TJ, and TM) in
lyophilized form was added individually, as positive control 2% glucose (GLC) was used and
as comparison model 2% of Prebiotic fructooligosaccharide (FOS), both were solubilized in
distilled water and then sterilized by filtration through nylon filters (0.22 um). In addition,
control (C) was used, consisting only of culture medium without carbon source. Finally,
strains (108 CFU mL™*) were inoculated in a 1: 9 (4.44 mL of inoculum and 40 mL of culture
medium with the sample).

After inoculum addition, the tubes were incubated in BOD at 37 ° C = 1 ° C in the
anaerobic atmosphere using anaerobic generator systems (Probac®). Fermentation was
fulfilled out for 36 h, and 2 mL were taken from each flask every 12 h (0, 12, 24 and 36
hours) for viable cell count, pH, and short-chain fatty acid (SCFAs) determination.

2.3.3.1. Viable cell count

The quantification of viable cells of the analyzed strains was performed by the drop
plate technique adapted from Herigstad, Hamilton, and Heersink (2001). Thus, from the 2 mL
of samples, 100 pL were removed and added in 900 pL of sterile peptone water (0.1%) and
serial decimal dilutions were performed. For counting, 10 pL of the diluted samples on the
surface of the MRS-agar (probiotics) and TSA (pathogenic) media were inoculated in
duplicate.

The plates were incubated in duplicate in the BOD at 37 £ 1 ° C for 48 h (probiotics)
or 24 h (pathogen) in aerobic medium, except for the B. lactis strain, which was incubated in

anaerobic (Probac®). Counts were made between 3 to 30 CFU mL™ per inoculated drop
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(Koch, 1994; Naghili et al., 2013), and thus the mean number of colonies in duplicates was

calculated and the results expressed in log CFU mL™.

2.3.3.2. pH

The pH was monitored at times 0, 12, 24 and 36 hours of fermentation, for this, the 2
ml from each tube were homogenized and read in digital pH meter (Digimed®) with duplicate
reading (AOAC, 2012).

2.3.3.3. Determination of metabolites

Samples were taken after fermentation was centrifuged (4 °C at 10,000 rpm for 10
minutes), supernatants were acidified (pH 2.1) and then filtered through nylon membrane
(0.22 pum). Samples were stored in a vial (-20 °C) until the time of analysis (Silva et al., 2017
with adaptations).

The organic acids (lactic, acetic, propionic and butyric acid) for the samples were
determined in duplicate by high-performance liquid chromatography (HPLC) using a
Shimadzu model LC-10Ai chromatograph (Shimadzu Corp., Japan) equipped with a detection
system. A dual array consisting of a UV-Visible detector (SPD 10Ai, Shimadzu) and a
refractive index detector (RID - 10Ai, Shimadzu). A Shimadzu ion exclusion column (Shim-
pack SCR - 101H, 7.9 mm x 30 cm) was used at 50 °C, and a perchloric acid solution at pH
2.1 was used as eluent at a flow rate of 0.6 mL/min, and the acids were detected by UV
absorbance (210 nm) (Alves et al., 2011). Acids were identified by comparing their retention
times with certified standard retention times and their concentrations were determined using
external calibration, comparing different concentrations and peak areas for each compound
standard (Freire, Ramos, & Schwan, 2017). Data were obtained through LC Solution®

software.

2.4. Statistical analysis

The results obtained for total phenolic content, antioxidant activity and determination
of total organic acids at time 0 h and 12 h were analyzed by analysis of variance (ANOVA),
followed by Tukey test using Sensomaker® software (Pinheiro, Nunes, & Vietoris, 2013).

Differences were considered significant when p < 0.05.
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3. Results and Discussion

3.1. Characterization of jeriva and macauba pulp and kernel cake

Understanding the nutritional characteristics of fruits is necessary to know their
nutritional functions and determine possible industrial applications (Lescano, de Oliveira,
Lima & Baldivia, 2018). In this context, the results obtained from the centesimal composition,
total energy value (TEV), pH, and soluble solids for jerivd and macauba pulps and cakes are
shown in Table 2.

The results show that the cakes are substrates with high protein content. The vegetable
protein present in the samples is less digestible compared to the animal, and incomplete
digestion in the small intestine allows a residual amount of protein and peptides to reach the
colon. Thus, there may be the modification of the microbial composition and its metabolic
activity, as well as alteration of the production of bacterial metabolites that promote beneficial
consequences for intestinal mucosa metabolism, physiology, and health (Blachier et al.,
2019).

Regarding lipids, a close content was observed between the samples, except for PJ,
which presented only 0.45%. Coimbra and Jorge (2011), when evaluating the pulp and kernel
of jerivd and macalba obtained higher content for PJ (7.48%) and similar for PM (28.94%).
Regarding the content of kernels (56.37% for jeriva and 46.06% for macauba), the authors
found higher values in cakes, a fact expected since the cake is a byproduct obtained from the
extraction of kernel oil. However, the results show that expressive lipid levels are retained in
the cakes.

Regarding carbohydrates, it was observed that PJ presented the highest carbohydrate
content, followed by TJ and PM. Carbohydrates are important components to be determined
as they include reducing sugars (glucose and fructose), non-reducing sugar (sucrose), starches
and cellulose, which play a crucial role in fruit flavor and structure (Pomares-Viciana et al.
al., 2018). Another critical factor is that carbohydrate composition influences probiotic
growth because simple carbohydrates (mono and disaccharide) are more readily metabolized
by microorganisms (Charoensiddhi et al., 2016; Nor et al., 2017).

The total dietary fiber content was high for all samples, but higher amounts were
obtained for TJ and TM (Table 2). This is because both have high insoluble fiber content
(36.34% for TJ and 32.60% for TM), despite the low soluble fiber content. The pulps (PJ and
PM) presented considerable contents of both soluble and insoluble fiber.



341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

43

According to WHO (World Health Organization), it is recommended to consume at
least 25 g / day of dietary fiber (WHO, 2003). However, according to McGill, Fulgoni, &
Devareddy (2015) most of the population, in all age groups, do not consume the
recommended amount of total dietary fiber, so the pulp and cake of fruits that are low cost
and high availability can be considered an excellent source of dietary fiber. Besides, dietary
fibers are potential metabolic substrates for determining prebiotic effects, as they are resistant
to digestion and absorption of the small intestine and can reach the colon and be fermented by
beneficial microorganisms (Duarte et al., 2017). Thus, regular consumption of jeriva and
macauba pulp and kernel cake can benefit the health of individuals.

The pH and soluble solids influence the sweetness and acidity, contributing to the
sensory quality of fruits and their products (MiloSevi¢, MiloSevi¢, & Mladenovié¢, 2016).
Therefore, the pH results show that the fruits are characterized as low acidity, which may
favor their sensory characteristics. Regarding the soluble solids (SS) content, it was observed
an expressively high content for PJ, while the other samples presented similar contents. Due
to these characteristics, the samples could be used in the development of new products
without possibly compromising the technological and sensorial aspects.

The results obtained for phenolic compounds content and antioxidant activity (p-
carotene, DPPH, and ABTYS) for the samples were presented in Table 3.

The content of phenolic compounds ranged from 215.53 (TM) to 850.62 (PJ) mg GAE
/ 100 g of fruit. According to Vasco, Ruales and Kamal-Eldin (2008) the TJ, PM and TM
samples can be classified as having a medium phenolic concentration (100 - 500 mg GAE /
100 g), while PJ has a high concentration (> 500 mg GAE / 100 g), which can be confirmed in
Table 3. In general, all samples can be considered as good sources of phenolic compounds.

In the evaluation of antioxidant compounds in fruits, methods of analysis such as p-
carotene, which quantifies products formed in lipid peroxidation, and DPPH and ABTS
methods, related to the capture of organic radicals, can be employed. Therefore, a single
method would not quantify all antioxidant substances, so the use of more than one method to
provide complete characterization (Schiassi et al., 2018).

Despite the average phenolic content for TJ, PM and TM samples, high antioxidant
activity was observed for all samples by the B-carotene method (Hassimotto, Genovese, &
Lajolo, 2005), since they have more than 70% of oxidation inhibition. In addition, the ABTS
method also demonstrates the high antioxidant activity of samples (> 100 uM Trolox / g)
(Souza, Pereira, Queiroz, Borges, & Carneiro, 2012), with PJ showing the highest antioxidant

activity, while PM and TM obtained statistically equal activity.
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About DPPH, the smaller the ECso, the greater the antioxidant capacity of the fruit
(Brand-Williams, Cuvelier, & Berset, 1995). The results obtained were similar to ABTS,
where all samples evaluated had sequestering effects against the DPPH radical. However, the
highest antioxidant activity was observed for PJ (96.97 g fruit / g DPPH), while the
antioxidant activity of PM and TM were similar and the lowest activity was obtained for TJ
(331.80 g fruit / g DPPH).

Antioxidants have an essential effect on disease prevention, and their antioxidant
capacity varies depending on the content of some compounds, such as phenolics (Souza et al.,
2012). Phenolic compounds are products derived from secondary plant metabolism that
exhibits antioxidant activities due to their ability to act as hydrogen donors, reducing agents,
and radical scavengers (Benabdallah et al., 2016). They may also exert anti-atherogenic,
antibacterial, anticancer, and anti-inflammatory activity (Kua et al., 2015; Granato et al.,
2018). In addition, polyphenols are currently being studied as potential prebiotics due to
modulation of gut microbial balance (Oroian, & Escriche, 2015).

Thus, analyzing the data obtained from the physicochemical characteristics and
chemical composition it was possible to realize that the pulp and fruit cake analyzed to
provide a significant amount of nutrients for the technological application, promoting the full

utilization of the fruit for human consumption.

3.2. In vitro antimicrobial activity

According to Balouiri, Sadiki, and Ibnsouda (2016), plant products occupy most of the
discovered antimicrobial compounds, and among them, polyphenols have been widely studied
for their antimicrobial action. Thus, given the high concentration of phenolic compounds in
the samples observed in Table 3, the antimicrobial activity of jerivd and macadba pulps and
cakes was determined.

The in vitro antimicrobial activity was qualitatively evaluated from the occurrence of
inhibition halos, performed with the bacteria B. lactis, L. casei, L. acidophilus, and E. coli.
The results of jerivd (PJ and TJ) and macauba (PM and TM) samples are represented in
figures 2 and 3, respectively.

The results showed that no sample showed inhibition activity against the evaluated
microorganisms. Thus, although the samples had high antioxidant activity, the present
bioactive compounds were not able to inhibit the growth of E. coli, but neither did the

probiotics evaluated. The antimicrobial effect of natural sources changes according to species,
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variety, and plant part (Raybaudi-Massilia et al., 2015), so the high phenolic content is not
directly associated with inhibition of microbial growth.

Another point to be considered is that in this analysis was used the whole fruit and not
its extract, and these fruits have a high content of carbohydrates and proteins (mainly kernel
cakes) which favors the growth of microorganisms (Table 2).

It is also important to emphasize the relationship between polyphenols and microbiota,
as some of these ingested compounds are not fully absorbed in the intestine. Thus, it is
possible to modulate the microbial community by inhibiting pathogenic bacteria and
stimulating beneficial ones by exerting antimicrobial activity in the gut (Duda-Chodack,
Tarko, & Sroka, 2015; Ozdal et al., 2016; Gibson et al., 2017).

3.3. Prebiotic Potential

Evaluation of viable cell counts and decreases in growth media pH values during
cultivation represent intense metabolic activities (Duarte et al., 2017). Therefore, to evaluate
fermentation, the results were presented by microbial growth (log CFU / mL) and pH changes
for the B. lactis, L. casei, L. acidophilus, and E. coli microorganisms, during 36 h of
fermentation with the evaluation of microbial growth and pH every 12 h, as shown in Figure
4,

The growth curves shown in Figure 4 show a higher microbial growth rate in the time
range between 0 h and 12 h. When evaluating the microbial growth of probiotic strains on
different substrates, it was noted that the substrates investigated for prebiotic potential
allowed microbial growth, i.e., all were used as a carbon source.

When compared to FOS and GLC, the substrate PJ showed a significantly better
behavior (p < 0.05) to promote microbial growth for all strains evaluated, except for L. casei
where it obtained behavior equal to GLC (Table 4). This behavior may be due to fruit
composition (Tables 2 and 3), as the sample (PJ) has relevant soluble fiber and carbohydrate
contents, and soluble polysaccharides are more readily, rapidly and wholly used by probiotics
(Nor et al., 2017). In addition, PJ presented higher content of phenolic compounds, which can
be consumed by microorganisms (Oroian, & Escriche, 2015).

Already PM showed similar behavior to PJ for B. lactis and E. coli, i.e., provided
growth higher than FOS, while for L. casei promoted growth equal to FOS. Moreover, PM
provided growth higher than GLC for B. lactis and E. coli, and equal for L. acidophilus (Table
4).
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Overall, TJ provided FOS similar growth for microorganisms, except for L. casei,
which was significantly higher (p < 0.05). Although TM promoted lower growth than FOS for
probiotic strains B. lactis and L. acidophilus was equal to L. casei, TM also promoted growth
equal to GLC for microbial strains, except for L. casei, which was lower (Table 4).

The pH of the fermented substrates with the different microorganisms generally
presented similar behaviors about the slope of the curves, i.e., a pH reduction occurred for all
samples and the most significant reduction was observed at 12 h (Figure 4). As expected, it
has been found that pH is reduced with increasing bacterial growth due to the production of
different organic acids during the fermentation of energy source substrates for
microorganisms such as carbohydrates, proteins and even polyphenols (Charoensiddhi et al.,
2016; Gibson et al., 2017).

Another point that can be observed in relation to pH is that PJ and GLC, in general,
were the samples that obtained the largest pH reductions (Table 4). According to Diaz-Vela,
Totosaus, Cruz-Guerrero, & Pérez-Chabela (2013), bacteria have a preference for
monosaccharides, which justifies the lower pH of these samples since PJ had high
carbohydrate content which, although not specified in the analyzes. , they are likely to consist
mostly of simple carbohydrates because of their sweet taste and high soluble solids content
(Table 2).

Despite the acidifying capacity of E. coli in fermentation analysis, the reduction in
intestinal lumen pH by the fermentation process may restrict or inhibit the growth of
pathogenic bacteria such as E. coli and other species, and benefit the growth of some
beneficial species microbiota (Nor et al., 2017; Fu et al., 2018).

Components that are not fully digested or absorbed in the upper gastrointestinal tract
are exposed to fermentative activity by the microbiota. Of this process, the primary
metabolites produced are short-chain fatty acids (SCFAs), the most abundant and essential
being acetic, propionic and butyric acids (Koh et al., 2016; Rocchettiet al., 2019). Given this
and the most significant reduction in pH at time 12 h, organic compounds were quantified at
the beginning of the fermentation process (time 0 h) and at time 12 h and represented as the
total acids produced. The individual levels for each organic acid (lactic, acetic, propionic, and
butyric acid) produced at time 12 h were also presented. The results of the analysis of organic
acids are shown in Table 5.

Despite the differences in acid concentrations for each sample, lactic acid was
generally the organic acid most produced by probiotic strains for the evaluated substrates,

mainly for Lactobacillus. This is because the genus is composed of homofermentative species,
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and its primary organic acid produced during carbohydrate metabolism is lactic acid (Duarte
et al., 2017). In addition, this acid can be metabolized in the colon and converted to butyric
and propionic acid (Barroso et al., 2016).

Subsequently, the acids with higher contents for the samples were propionic and
acetic. Propionic acid is associated with reduced lipogenesis and cholesterol synthesis and is
involved in activating G protein receptors by releasing satiety hormones (Séyago-Ayerdi;
Zamora-Gasga; & Venema, 2019). Acetic acid, on the other hand, can inhibit the growth of
enteropathogenic bacteria and is related to the microbiota-brain-cell axis and can cross the
blood brain barrier and reduce appetite for a central homeostatic mechanism (KOH et al.,
2016; Holscher, 2017).

Even in small quantities, butyric acid was also produced by fermentation of the
samples. This acid is the main energy source of colonocytes and is essential for maintaining
tissue integrity through apoptosis of cells with DNA damage (Charoensiddhi et al., 2016).

Regarding the total acids produced, it was observed that there was a significant
increase in acid concentration (p < 0.05) at 12 h for probiotic microorganisms, corroborating
the pH reduction (Figure 1). This allows us to infer that microorganisms were able to use the
samples and produce SCFAs, which may promote health benefits.

For E. coli, despite the reduction in pH, there was a significant reduction of acids (p <
0.05) at time 12 h, except for GLC which did not show significant change in total acid
production, this may be due to the production of higher amounts of other acids that were not
quantified in this study.

Most of the microorganisms were able to produce high amounts of organic acids in the
presence of GLC. However, it is essential to note that glucose is rapidly absorbed when
ingested, while digestion-resistant substrates such as complex carbohydrates (Chen, Tuo, &
Dong, 2016) can be used as a source of energy in fermentative processes to produce SCFAS
(Koh et al., 2016).

Therefore, the results show that the substrates PJ, TJ, PM, and TM, in general, were
used as the carbon source in the fermentation process, stimulating the growth of
microorganisms and reducing the pH due to the production of SCFAs. It is noteworthy that
the nutritional composition of fruits, high carbohydrate and fiber content and the presence of
phenolic compounds can stimulate the growth of beneficial bacteria, modulating the intestinal
microbiota, and promoting beneficial health effects.

This study is the first step in the investigation of the functional effects of these fruits,

serving as a basis for further research. Thus, in addition to in vitro studies, it is essential to
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conduct an in vivo study to determine the prebiotic effect of jerivd and macauba pulps and
kernels cakes, since the gut is a complex environment with significant interactions between

various components, including metabolites and non-microorganisms have been studied.

4. Conclusion

The results showed that the jerivad and macauba pulps and cakes have high nutritional
value, especially about the high fiber content and high antioxidant capacity, which
characterizes them as potential functional ingredients. In the fermentative process, it is
noteworthy that the jeriva pulp was able to promote the higher growth of microorganisms and
the most significant pH reduction when compared to FOS. Nevertheless, the jeriva kernel
cake, the pulp and the macaiba kernel cake were used as carbon source as well as the FOS.
Moreover, from the fermentation of the evaluated samples, the probiotic strains were able to
produce short-chain fatty acids such as lactic, propionic, acetic and butyric acid,
demonstrating that the analyzed fruits have relevant characteristics as prebiotic potentials, and

also that it is possible to obtain a prebiotic food from low-cost substrates.
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TABLES
Table 1

Reagents for the preparation of MRS and TSB without carbon source.

MRS TSB

Peptone 5¢g Casein Peptone 8540
Meat extract 5¢ Soy Peptone 15¢g
Yeast extract 2549 Sodium Chloride 2549
Bibasic Sodium Phosphate 1.88 ¢ Potassium phosphate 1.25¢
Manganese Sulfate Monohydrate  0.05 g -

Magnesium Sulphate 0.102g -

Tween 80 059 -

Total 15.03 g 13.75 ¢

Final volume of 500 mL distilled water

Table 2

49

Centesimal composition (%), Total Energy Value - TEV (kcal.100g-1), pH and soluble solids

(°Brix) of jeriva, and macauba pulp and kernel cake (whole matter).

Parameters TJ PM ™
Moisture 4434 +0.36 851+0.13 3796 £0.12 3.52+0.21
Protein 2.97 +0.06 18.46 +0.06 2.87 +0.01 27.83 +£0.02
Lipids 0.45+0.08 20.67+0.10 28.63+0.44 28.31+0.32
Carbohydrates 2945+0.33 11.58+0.20 9.68+0.32 1.02+0.31
Total dietary fiber 20.45+0.00 37.87+0.00 19.95+0.00 35.81+0.00
Soluble fiber 6.92 +0.00 1.54 +0.00 10.68 +0.00 3.21 +0.00
Insoluble fiber 13.53+0.00 36.34+0.00 9.26+0.00 32.60 + 0.00
Ashes 2.34+0.03 2.91 +0.02 0.97+0.11 3.52+0.03
TEV 133.77+0.54 330.79+0.48 307.01+0.80 369.57+0.09
pH 5.28 +0.06 5.95+0.02 6.47 +0.05 6.61 +0.04
Soluble solids 7.83 +0.28 2.66 + 0.28 3.00 +0.00 2.00+0.00

The values are means of triplicate determination. + indicates standard deviation of the mean. PJ: Jeriva
pulp; TJ: Jeriva kernel cake; PM: macauba pulp; TM: Macauba kernel cake.
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Total phenolics and antioxidant activity (p-carotene, DPPH, and ABTS) of jeriva and

macauba pulp and cake (whole matter).

Parameters PJ TJ PM ™
Total  phenolics

(mg GAE/100g)  850.62+4.68°  26554+4.68°  26241+7.63" 2155328
?(ziffgfenc‘iion) 97.00 + 0.43" 95.13 + 0.7 94.05+0.05  