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RESUMO

Padr@es dietéticos que incluem o consumo regular de compostos prebidticos sdo capazes de
modular a composi¢cdo e metabolismo da microbiota intestinal humana, exercendo papel
importante na saude do hospedeiro. A beterraba vermelha (Beta vulgaris L.) é uma importante
espécie olericola com consideravel aporte de nutrientes e de compostos bioativos, com destaque
para as fibras dietéticas, compostos fenolicos e betalainas. Esse trabalho teve como objetivo
avaliar o potencial prebiotico de liofilizados obtidos de diferentes partes da beterraba vermelha
por meio da verificacdo de seus efeitos sobre o crescimento e metabolismo de cepas probioticas
(Lactobacillus acidophilus LA-05, Lacticaseibacillus casei L-26 e Limosilactobacillus
fermentum 296) e da microbiota coldnica humana em condicdes in vitro. Os ensaios foram
realizados com liofilizados das partes da raiz (FDBR) e dos talos/folhas (FDBSL) da beterraba
vermelha cultivar Early wonder. FDBR e FDBSL foram submetidos as analises de
determinacdo da composicao nutricional e parametros fisico-quimicos. Em seguida, cepas de
Lactobacillus foram expostas a condi¢des simuladas do trato gastrointestinal na presenca de
FDBR e FDBSL, quando foram avaliados aspectos relacionados a viabilidade celular e
funcionalidade fisioldgica, capacidade antioxidante total e compostos fendlicos totais apds as
trés fases principais da digestdo (boca, estbmago e intestino). Em uma segunda etapa, novas
amostras de FDBR e FDBSL foram submetidas a digestdo gastrointestinal simulada e o produto
da digestdo foi avaliado em ensaios de fermentacdo usando-os como Unica fonte de carbono
para o cultivo das cepas probioticas e para avaliacdo da modulacdo da microbiota coldnica
utilizando indculo fecal. Foi calculado o escore de atividade prebidtica e a atividade metabolica
microbiana foi monitorada por meio da determinado de pH e dos contetdos de agucares e acidos
organicos nos diferentes sistemas de cultivo. Também foram monitorados o perfil de fendlicos
e capacidade antioxidante total durante as fases da digestdo simulada e fermentacdo com
indculo fecal. FDBR e FDBSL apresentaram altos teores de fibras sollveis (5,25 e 11,10 g/100
g) e insoluveis (21,43 e 37,03 g/100 g), pectinas (8,45 e 9,51 ¢g/100 g), betalainas (3,36-28,99
0/100 g) e uma variedade de compostos fendlicos. FDBR e FDBSL estimularam o crescimento
das cepas probidticas testadas com altas contagens de células vidveis (>9 log UFC/mL),
aumento da producao de acidos acético, butirico, latico e propiénico causando alteracdes nos
teores de compostos fendlicos durante 72 h de cultivo. Ainda, apresentaram valores positivos
de indices prebioticos (>0,17) para as diferentes ceas testadas. Durante a exposicao a digestdo
simulada, FDBR e FDBSL aumentaram a sobrevivéncia e manutencéo das funcdes fisioldgicas
ativas nas cepas probiéticas, indicado pela alta contagem de células viaveis (>3,5 log UFC/mL)
e percentual de células fisiologicamente ativas (>25,2 % para FDBR e 23,1> % para FDBSL).
FDBR e FDBSL aumentaram a abundancia de Lactobacillus spp./Enterococcus spp. (3,64-
7,60%) e Bifidobacterium spp. (2,76-5,78%) e diminuiram a abundéncia de Bacteroides
spp./Prevotella spp. (9,56-4,18%), Clostridium histolyticum (1,62-1,15%) e Eubacterium
rectale/Clostridium coccoides (2,33-1,49%) durante 48 h de fermentacéo colonica, resultando
em indices prebidticos positivos (> 3,61). FDBR e FDBSL promoveram intensa atividade
metabolica, evidenciada pela diminui¢do do pH, aumento da producéo de &cido latico, acético,
butirico e propidnico, e consumo de glicose e frutose ao longo do tempo no cultivo dos
probidticos e nos ensaios de fermentagdo colbnica in vitro. Alteragdes no conteddo de
compostos fenolicos e alta capacidade antioxidante durante a fermentacdo col6nica também
foram observados. FBRD e FDBSL mostraram potenciais propriedades prebioticas,
contribuindo na modulacdo benéfica da composicdo e atividade metabdlica da microbiota
intestinal humana, podendo ser explorados na formulacdo de produtos alimenticios e
suplementos dietéticos funcionais.

Palavras-chave: Beta vulgaris L.; propriedades prebiéticas; microbiota intestinal; ingrediente
funcional.



ABSTRACT

Dietary patterns that include regular consumption of prebiotic compounds are capable of
modulating the composition and metabolism of the human intestinal microbiota, playing an
important role in the health of the host. Red beet (Beta vulgaris L.) is an important vegetable
species with a considerable supply of nutrients and bioactive compounds, especially dietary
fiber, phenolic compounds and betalains. The aim of this study was to evaluate the prebiotic
potential of freeze-dried products obtained from different parts of red beet by checking their
effects on the growth and metabolism of probiotic strains (Lactobacillus acidophilus LA-05,
Lacticaseibacillus casei L-26 and Limosilactobacillus fermentum 296) and the human colonic
microbiota under in vitro conditions. The tests were carried out with freeze-dried parts of the
root (FDBR) and stalk/leaf (FDBSL) of the red beet cultivar Early wonder. FDBR and FDBSL
were analyzed to determine their nutritional composition and physicochemical parameters.
Next, Lactobacillus strains were exposed to simulated conditions of the gastrointestinal tract in
the presence of FDBR and FDBSL, when aspects related to cell viability and physiological
functionality, total antioxidant capacity and total phenolic compounds were evaluated after the
three main phases of digestion (mouth, stomach and intestine). In a second stage, new samples
of FDBR and FDBSL were subjected to simulated gastrointestinal digestion and the digestion
product was evaluated in fermentation trials using them as the sole carbon source for the
cultivation of probiotic strains and to assess the modulation of the colonic microbiota using
fecal inoculum. The prebiotic activity score was calculated and microbial metabolic activity
was monitored by determining pH and the content of sugars and organic acids in the different
cultivation systems. The phenolic profile and total antioxidant capacity were also monitored
during the simulated digestion and fermentation phases with fecal inoculum. FDBR and FDBSL
showed high levels of soluble (5.25 and 11.10 g/100 g) and insoluble fiber (21.43 and 37.03
0/100 g), pectins (8.45 and 9.51 g/100 @), betalains (3.36-28.99 ¢/100 g) and a variety of
phenolic compounds. FDBR and FDBSL stimulated the growth of the probiotic strains tested
with high viable cell counts (>9 log CFU/mL), increased production of acetic, butyric, lactic
and propionic acids and caused changes in the levels of phenolic compounds during 72 h of
cultivation. They also showed positive prebiotic index values (>0.17) for the different ceas
tested. During exposure to simulated digestion, FDBR and FDBSL increased the survival and
maintenance of active physiological functions in the probiotic strains, as indicated by the high
viable cell count (>3.5 logs CFU/mL) and percentage of physiologically active cells (>25.2%
for FDBR and 23.1% for FDBSL). FDBR and FDBSL increased the abundance of
Lactobacillus spp./Enterococcus spp. (3.64-7.60%) and Bifidobacterium spp. (2.76-5.78%) and
decreased the abundance of Bacteroides spp./Prevotella spp. (9.56-4.18%), Clostridium
histolyticum (1.62-1.15%) and Eubacterium rectale/Clostridium coccoides (2.33-1.49%)
during 48 h of colonic fermentation, resulting in positive prebiotic indices (> 3.61). FDBR and
FDBSL promoted intense metabolic activity, evidenced by a decrease in pH, an increase in the
production of lactic, acetic, butyric and propionic acid, and the consumption of glucose and
fructose over time in the probiotic culture and in the in vitro colonic fermentation assays.
Changes in the content of phenolic compounds and high antioxidant capacity during colonic
fermentation were also observed. FBRD and FDBSL showed potential prebiotic properties,
contributing to the beneficial modulation of the composition and metabolic activity of the
human intestinal microbiota, and could be exploited in the formulation of functional food
products and dietary supplements.

Keywords: Beta vulgaris L.; prebiotic properties; intestinal microbiota; functional ingredient.
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1 INTRODUCAO

A beterraba (Beta vulgaris L.) é uma importante espécie olericola amplamente
difundida na América, Europa e Asia, que apresenta a raiz como o produto comercial mais
importante. Entretanto, talos e folhas da beterraba também podem ser utilizados na alimentacéo
humana, apresentando caracteristicas funcionais semelhantes a raiz devido ao seu elevado teor
de fibras soluveis e insoluveis e pigmentos antioxidantes, a exemplo de betalainas, que podem
conferir propriedades bioativas com efeitos positivos sobre a satde, possibilitando a exploragédo
integral dessa espécie vegetal para fins alimentares (COSTA et al., 2017; DE OLIVEIRA et al.,
2022). No Brasil, o cultivo de beterraba com finalidade comercial € realizado, principalmente,
com cultivares de mesa, conhecidos como beterraba horticola ou vermelha (CHHIKARA et al.,
2019; TIVELLI etal., 2011).

Diversos beneficios a satde decorrentes do consumo da beterraba vermelha tém sido
relacionados com suas propriedades antioxidantes, antimicrobianas, anti-inflamatorias,
diuréticas e, mais recentemente, moduladoras da microbiota intestinal (BABARYKIN et al.,
2019; CHHIKARA et al., 2019; DE OLIVEIRA et al., 2021). A beterraba vermelha possui
fibras dietéticas sollveis e insollveis, compreendendo hemicelulose, celulose e pectina, das
quais podem derivar oligossacarideos com diferentes estruturas e, consequentemente, com
diversas funces bioldgicas (HOLCK et al., 2011). Estudos com oligossacarideos derivados da
pectina extraida da beterraba indicam que esses componentes possuem propriedades prebidticas,
com efeitos fisioldgicos benéficos sobre a salde intestinal em decorréncia da modulacéo da
microbiota intestinal e estimulo da producio de &cidos graxos de cadeia curta (GOMEZ et al.,
2019; LARSEN et al., 2018; WANG et al., 2023).

Além das fibras, a beterraba vermelha possui contetdo elevado de compostos fendlicos
e pigmentos, destacando-se as betalainas, que sdo amplamente investigados em relacdo aos seus
efeitos antioxidantes (PUNIA BANGAR et al., 2022, RAMIREZ-MELO et al., 2022;
SADOWSKA-BARTOSZ; BARTOSZ, 2021). Os compostos fendlicos mais encontrados na
beterraba sdo das classes dos acidos fenolicos, a exemplo dos acidos ferdlico, caféico, cumarico
e siringico, e dos flavonoides, a exemplo da catequina, epicatequina, kaempferol e rutina
(PUNIA BANGAR et al., 2022), que ja foram apontados como coadjuvantes na estimulacéo do
crescimento de probioticos e modulagdo da microbiota intestinal (DE OLIVEIRA et al., 2023a,
2023b; RODRIGUEZ-DAZA et al., 2021). Estudos com foco nos efeitos das betalainas sobre

probidticos e microbiota intestinal sdo ainda escassos. No entanto, sdo apontados efeitos
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positivos de betalainas e betacianinas sobre a modulagdo de popula¢bes microbianas do
intestino humano (CAPPER et al., 2020; WANG et al., 2022; WANG et al., 2018).

Nos ultimos anos, tem ocorrido crescente busca pela descoberta de alimentos com
funcionalidades que promovam beneficios a satde dos consumidores, com destaque para 0s
alimentos capazes de afetar positivamente a satide intestinal humana (DAMIAN et al., 2022;
GALANAKIS, 2021). Padrdes alimentares que incluem a ingestdo regular de componentes
prebioticos exercem influéncia direta na diversidade da microbiota intestinal, bem como na sua
atividade metabolica, com a producdo de compostos derivados, a exemplo de acidos graxos de
cadeia curta, que influenciam diferentes aspectos relacionado a salde humana, como a
modulacdo do sistema imunolégico e gastrointestinal, melhora da motilidade gastrointestinal e
reducdo dos niveis de colesterol sérico (DE SOUZA et al., 2019; SANDERS et al., 2019;
SHAH et al., 2020).

Considerando a necessidade de busca de novas matérias primas naturais e melhor
aproveitamento e valorizagao integral de recursos alimentares ricos em nutrientes e compostos
bioativos, em soma a crescente demanda dos consumidores por alimentos com propriedades
funcionais, este estudo teve como objetivo investigar as propriedades prebioticas de diferentes
partes da beterraba vermelha por meio da determinacgéo in vitro dos seus impactos sobre o
crescimento e aspectos relacionados a atividade metabolica de cepas probidticas e da microbiota

colonica de humanos saudaveis.
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2 REFERENCIAL TEORICO

2.1 BETERRABA VERMELHA (Beta vulgaris L. subsp. vulgaris)

A beterraba (Beta vulgaris L. subsp. vulgaris) € uma importante hortalica da familia
Chenopodiaceae, originaria do sul e do leste da Europa e norte da Africa. A subespécie vulgaris
possui quatro principais bidtipos catalogados de acordo com caracteristicas morfoldgicas e uso
final (Figura 1), a citar: beterraba foliar (Leaf Beet Group, Beta vulgaris cicla), acucareira
(Sugar Beet Group, Beta vulgaris saccharifera), forrageira (Fodder Beet Group, Beta vulgaris
crassa) e horticola (Gardem Beet Group, Beta vulgaris rubra) (LEWELLEN; PANELLA,
HARVESON, 2009). A beterraba horticola, também conhecida como beterraba vermelha ou
beterraba de mesa, € o biotipo cultivado no Brasil. A divisdo anatdbmica da beterraba horticola
(Figura 1/A) consiste em raiz (hipocétilo) e parte aérea composta por hastes (peciolo) semi-
rigidas, de coloracdo vermelha a roxa, e folhas (limbo foliar) tenras, com coloragéo e formatos
variados (TIVELLI et al., 2011; TRANI; CANTARELLA; TIVELLI, 2005).

Figura 1. Grupos principais de Beta vulgaris L. subsp. vulgaris

Legenda: A: Beterraba horticola; B: Beterraba agucareira; C: Beterraba folhosa; D: Beterraba forrageira.
Fontes: A: Autor, 2023; B: https://www.scientificamerican.com/article/sugar-beets-make-hemoglobin/; C:
https://www.isla.com.br/produto/acelga-verde-escura/18; D: https://Igseeds.co.uk/product/blaze/.

As cultivares de beterraba horticola cultivadas no Brasil costumam ser de origem norte-
americana ou europeia, com raiz tuberosa de formato globular e constituem o grupo
denominado Wonder. As principais regides produtoras sdo a Sudeste e Sul, por apresentarem
temperaturas amenas a frias, que sdo propicias para o cultivo desse tubérculo. Dados do

mapeamento realizado pela Confederacdo da Agricultura e Pecuaria do Brasil (CNA) em 2017
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contabilizaram a comercializa¢do de mais de 218 mil toneladas de beterraba vermelha no Brasil,
produzidas em uma &rea com mais de 10 mil hectares, sendo o Parana o principal estado
produtor, seguido por Minas Gerais e S&do Paulo. Apesar de ser um tubérculo resistente, as
perdas da producdo de beterraba podem alcancar 20% da sua producéo, sendo deixadas no
campo ou descartadas no momento da classificagdo por ndo apresentarem padréo desejado pelo
consumidor (TIVELLI et al., 2011; CNA, 2017).

Todas as partes da beterraba (raiz, talos e folhas) podem ser utilizados na alimentagéo
humana, porém a raiz € a parte do vegetal com maior importancia comercial. A raiz da beterraba
costuma ser consumida crua, cozida ou em preparac@es alimenticias (saladas, sopas, assados e
conservas) ou de bebidas, enquanto talos e folhas podem ser utilizados na preparacgéo de receitas,
como saladas e refogados (TIVELLI et al., 2011). Recentemente, com a demanda atual por
alimentos nutritivos, com funcionalidades tecnoldgicas e de promocéo a salde, a industria de
alimentos e farmacéutica tem buscado na beterraba o desenvolvimento de produtos inovadores
levando em consideracdo a presenca de corantes naturais (betalainas) com propriedades
antioxidantes e outros compostos de interesse presentes em elevas quantidades (PUNIA
BANGAR et al., 2022; THIRUVENGADAM et al., 2022).

A industria alimenticia utiliza a beterraba na forma de suco, polpa, bagaco, po e extratos,
que podem ainda ser utilizados no desenvolvimento de produtos alimenticios funcionais
enriquecidos, a exemplo de massas, produtos de panificacdo (pées, bolos e salgados), derivados
lacteos (sorvetes, iogurtes, requeijdo, manteiga e bebidas lacteas), salgadinhos extrusados,
bebidas fermentadas, embutidos carneos (salsichas, linguicas e hambdrgueres), peliculas e
coberturas (PUNIA BANGAR et al., 2022).

A parte aérea da beterraba (talos e folhas) costuma servir apenas para a alimentagdo
animal, fertilizante organico ou sdo descartados no ambiente, aumentando a geracdo de residuos
agroindustriais, embora estudos tenham apontado que alguns compostos fenolicos e minerais
podem ser predominantes nessas por¢fes do que na prépria raiz da beterraba, indicando a
necessidade de investigacao sobre seu aproveitamento (COSTA et al., 2017; LORIZOLA et al.,
2018; KALE et al., 2018; SLATNAR et al., 2015).

A Dbeterraba possui em sua composi¢do aporte de macro e micronutrientes importantes
do ponto de vista nutricional, apresentando fibras dietéticas, minerais (potassio, sédio, ferro,
cobre, magnésio, calcio, fosforo e zinco), vitaminas (vitamina A, tiamina, riboflavina, niacina,
acido ascorbico e vitaminas do complexo B), aminoacidos essenciais € ndo essenciais,
fitoesterdis, pigmentos antioxidantes, como as betalainas, acidos fenodlicos, principalmente,

acido ferulico, &cido siringico, epicatequina e kaempferol. Também ha um grande interesse
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sobre sua abundancia de nitrato (NOs-), devido ao potencial benéfico para a saude
cardiovascular, com a producdo endégena do 6xido nitrico (NO) (BAIAO; DA SILVA;
PASCHOALIN, 2020; PANGHAL et al., 2017; SHALABY; HASSENIN, 2020).

A composicéo nutricional da beterraba fresca apresenta variabilidade com base na parte
anatdbmica da planta (raiz, caule, folha e casca), das variedades genéticas, condicBes
edafoclimaticas, condigdes de colheita e pos-colheita (CHHIKARA et al., 2019; SAWICKI,
BACZEK E WICZKOWSKI, 2016; TAKACS-HAJOS; VARGAS-RUBOCZKI, 2022). Dados
apresentados pela Tabela Brasileira de Composicdo de Alimentos (TBCA) e de estudos
cientificos publicados sobre a composi¢cdo de nutrientes presentes na raiz, folhas e talos de
beterraba séo apresentados na Tabela 1.

Tabela 1. Composic¢do nutricional aproximada da raiz, talos e folhas da beterraba vermelha.

Componentes Quantidade por 100g
Raiz Talos Folhas
(TBCA, 2023) (Storck et al., 2013) (Storck et al., 2013)

Umidade (%) 86,0 94,5 93,2
Valor energético (cal) 46 13,7 18,3
Proteina (g) 1,95 1,13 2,20
Lipideo (g) 0,10 0,2 0,13
Carboidrato (g) 111 13,7 2,39
Fibra Alimentar (g) 3,37 0,73 0,74
Cinzas (Q) 0,87 1,7 1,37
Célcio (mg) 14,4 - -
Ferro (mQ) 0,32 - -
Fésforo (mg) 19,4 - -
Potassio (mg) 375,0 - -
Vitamina C (mg) 3,2 - -

Fonte: Storck et al. (2013); TBCA, 2023.

A beterraba vermelha possui um aporte de fibras dietéticas soltveis, como a pectina, e
insoluveis, como a celulose e algumas hemiceluloses, as quais podem derivar oligossacarideos
com diferentes estruturas e, consequentemente, com diferentes propriedades biologicas
(HOLCK et al., 2011). A exploracdo integral de materiais derivados da beterraba tem se
mostrado eficiente na producdo enzimatica de pectino-oligossacarideos a partir da polpa ou de
subprodutos fibrosos, produzindo carboidratos com propriedades fisico-quimicas e fisiologicas
benéficas para humanos, tais como o estimulo seletivo de bactérias no colon (CONCHA
OLMOS; ZUNIGA HANSEN, 2012; DE OLIVEIRA et al., 2021; MARTINEZ et al., 2015).
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A capacidade das pectinas e oligossacarideos pécticos de estimular o crescimento de popula¢des
bacterianas especificas tem sido também descrita (DE OLIVEIRA et al., 2023a; GOMEZ et al.,
2019; MALIK, BORA; SHARMA, 2019).

Com base nos estudos disponiveis, a beterraba aparece como fonte de agentes
promotores de saude, com potencial de serem utilizados para a prevencdo e tratamento
terapéutico em diferentes patologias, podendo atuar na prevendo de de alguns tipos de céancer,
doencas cardiovasculares, cerebrovasculares, hepéaticas e renais (CHEN et al., 2021;
CLIFFORD et al., 2015). A beterraba vermelha contém compostos bioativos que podem
apresentar efeitos na promocdo da satde, incluindo as betalainas, &cido ascérbico, flavondides,
carotendides, polifendis, saponinas e elevadas quantidades de nitrato, como mostra a Figura 2
(CLIFFORD et al., 2015; SHALABY; HASSENIN, 2020).

Figura 2. Principais nutrientes e compostos bioativos da beterraba vermelha.
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Fonte: A: Autor, (2023); B: adaptado de Dominguez et al. (2020).

A beterraba e seus subprodutos sao fonte de compostos fendlicos, como acido galico,
vanilina, acido hidroxibenzoico, &cido siringico, cianidina-3-O-glicosideo, catequina, acido
fertlico. A beterraba também é um dos poucos vegetais que contém um grupo de pigmentos
denominado betalainas com destacaveis propriedades bioativas (CLIFFORD et al., 2015; FU
et al., 2020; TOSSI et al., 2021). As betalainas sdo os pigmentos majoritarios na beterraba,

sendo caracterizadas como pigmentos nitrogenados hidrossoliveis derivados do acido
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betalamico e os principais responsaveis pelas propriedades antioxidantes do vegetal. As
betalainas podem ser classificadas em betacianinas (cor vermelho-violeta) e betaxantinas
(amarelo-laranja), estando associadas com a coloracdo tipica das raizes da beterraba (FU et al.,
2020; TOSSI et al., 2021).

Diversas pesquisas com betalainas provenientes da beterraba enfatizam seu potencial
antioxidante e consequente efeito sobre a salde (ASRA et al., 2020; BACKES; GENENA,
2020; KAPOOR; SAWICKI; WICZKOWSKI, 2018; FENG, 2022), bem como de betalainas e
outros bioativos de extratos da beterraba (EDZIRI et al., 2019; TUTUNCHI et al., 2019), de
residuos da producdo de agucar, sucos e outras formas alimenticias (GOMEZ et al., 2019;
MROCZEK et al., 2019), além de partes comestiveis ndo usuais, como talos e folhas
(MROCZEK et al., 2019; NINFALI; ANGELINO, 2013). No entanto, diversas outras classes
de compostos fenolicos também encontrados em beterrabas tem chamado atencdo ndo somente
por seu potencial antioxidante, mas por seus mecanismos de biotransformacéo e interagdo com
a microbiota intestinal (RODRIGUEZ-DAZA et al., 2021).

A pectina da beterraba sacarina estimulou o crescimento e atividade metabdlica de
espécies de Bifidobacterium e Lactobacillus em sistemas de fermentacdo inoculados com
microbiota fecal (ONUMPAI et al., 2011), enquanto os oligossacarideos pécticos extraidos da
polpa também tém demonstrado destacavel propriedade bifidogénica (GOMEZ et al., 2016;
GOMEZ et al., 2019). A pectina da beterraba agucareira, constituida, principalmente, de acido
urdnico (63 mol%), galactose (18 mol%) e arabinose (13 mol%), mostrou capacidade de
aumentar a populacdo de Lactobacillus e Lachnospiraceae no ceco de ratos Wistar (TIAN et
al., 2016).

A administragdo de suco concentrado de beterraba por 14 dias afetou a abundéncia de
alguns tdxons do microbioma intestinal de adultos saudaveis, com aumento da populacédo de
Akkermansia muciniphila e diminuicdo da populacdo de Bacteroides fragilis apos trés dias de
consumo (WANG et al., 2023). Betacianinas nativas e catabolitos detectados nas fezes ap0s o
consumo do suco correlacionaram-se positivamente com a abundancia de populacdes de
Bifidobacterium e Coprococcus e inversamente com a abundancia da populacdo de
Ruminococcus, causando aumento no teor de acido (iso)butirico, sendo indicadores de efeito
beneficio da beterraba vermelha sobre a satde intestinal e sistémica (WANG et al., 2023).

Estudo com suco misto preparado com beterraba, macd, limao e gengibre administrado
a adultos saudaveis resultou em diminuigdo da populagdo fecal de Firmicutes e Proteobacteria
e aumento da populacdo de Bacteroidetes e Cyanobacteria nas fezes ap6s 15 dias de consumo.

Ainda, foram observados efeitos adicionais, como perda de peso, aumento da producdo de
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vasodilatador NO- e diminuicdo da oxidacédo lipidica, que foram associados com o elevado
conteddo de nitratos no suco em decorréncia do uso de beterraba como ingrediente (HENNING
etal., 2017).

Estudos com sistemas de fermentacfes in vitro com beterraba ou oligossacarideos
derivados da beterraba tém indicado que esses componentes podem agir como substrato,
estimulando o crescimento de diferentes cepas probidticas (DE OLIVEIRA et al., 20233;
GOMEZ et al., 2019; MALIK, BORA, SHARMA, 2019).

Substancias pécticas extraidas da beterraba tém demonstrado capacidade de melhorar a
integridade intestinal e proliferacdo da mucosa em estudos in vivo, além de favorecer a adesdo
de cepas de Lactobacillus as células epiteliais (LARSEN et al., 2018; PARKAR; TROWER,;
STEVENSON, 2013). Similarmente, pectinoligossacarideos extraidos de subprodutos de
beterraba, quando adicionados em caldo de fermentacdo, tém demonstrado -efeitos
estimuladores do crescimento de cepas de Lactobacillus e Bifidobacterium, em particular, L.
reuteri, L. rhamnosus e L. plantarum, demostrando também producao acentuada de &cido latico,
acético e formico (GOMEZ et al., 2019).

A insercdo de matrizes contendo beterraba também pode melhorar a sobrevivéncia de
bactérias probidticas as condi¢des adversas da digestdo intestinal. Lacticaseibacillus paracasei
LS14 foram encapsulados em hidrogéis produzidos com proteina de soja e pectina de beterraba,
0 que resultou em maior capacidade de sobrevivéncia da cepa ap6s simulacdo da digestdo
gastrointestinal. A estrutura mais densa do gel formado quando da exposicdo as condicdes
gastrointestinais foi relacionana com a menor degradacdo mecéanica e sensibilidade de L.
paracasei a acdo das enzimas e variacao de pH utilizado no ensaio (YAN et al., 2021).

Ainda, foi relatado que pectinas de beterraba sacarina com alto teor de metoxilagdo tém
potencial para melhorar a sobrevivéncia de espécies probioticas de Lactobacillus expostas a
estresses gastrointestinais, como baixo pH e enzimas digestivas, indicando que caracteristicas
estruturais como grau de metoxilacao e ramificacéo e interagdes eletrostaticas entre o substrato
e célula bacteriana estéo relacionados com o efeito de protecdo (LARSEN et al., 2018).

Baseado nessas evidéncias, a beterraba vermelha, incluindo raiz, talos e folhas, além
de possuir um aporte de nutrientes de elevado interesse para 0s consumidores e indUstria de
alimentos, apresenta propriedades bioativas resultantes, principalmente, da presenca de fibras,
betalainas e compostos fendlicos, que podem conferir uma gama de beneficios a satde, sejam
provenientes do consumo in natura ou processado na forma de sucos e pds dessa espécie vegetal,
como também por meio de substancias isoladas da raiz ou de seus subprodutos. A crescente

pressdo do mercado de alimentos devido ao continuo crescimento populacional e ao aumento
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das preocupac@es com a alimentacdo saudavel e sustentavel tem incentivado a busca por fontes
alternativas de alimentagéo para atender as necessidades nutricionais da populagio (MILIAO
etal., 2022). Apesar das evidéncias dos beneficios nutricionais e funcionais da beterraba, ainda
s8o escassos 0s estudos que investigam o potencial das partes menos consumidas dessa planta,
como os talos e folhas. O aproveitamento dessas partes da beterraba pode reduzir o desperdicio
de alimentos e enriquecer o valor nutricional das refei¢des, tornando-as uma opgéo relevante
como Planta Alimenticia N&do Convencional (PANC). Portanto, explorar o uso dos talos e folhas
de beterraba pode representar uma oportunidade para diversificar a oferta alimentar e promover
a sustentabilidade, com uma abordagem alinhada as praticas da economia circular que prioriza
0 uso dos recursos naturais em processos integrados de inser¢cdo em novos ciclos, otimizando
0s processos produtivos (LORIZOLA et al., 2018).

2.2 COMPONENTES PREBIOTICOS

A comunidade cientifica e o perfil dos consumidores atuais estdo interessados em
alimentos e habitos alimentares mais saudaveis, refletindo, assim, no crescente mercado de
alimentos que contém ingredientes e/ou microrganismos promotores de satide (DAMIAN et al.,
2022; VICENTINI; LIBERATORE; MASTROCOLA, 2016). N&o existe consenso cientifico
sobre a definicdo de alimento funcional, sendo essencialmente um termo de mercado com
diferentes defini¢des e regulamentos, dependendo do pais, mas que sempre inclui alimentos que
trazem, além da sua fungdo nutricional, algum beneficio para a salde do consumidor
(BUCALOSSI et al., 2020; SZAKALY et al., 2019).

A definicdo de prebiotico passou por atualizac@es ao longo do tempo. A definicdo aceita
mais amplamente ocorreu em 1995, por Gibson e Roberfroid, que ditaram como "um
ingrediente alimentar ndo digerivel que afeta beneficamente o hospedeiro ao estimular
seletivamente o crescimento e/ou atividade de uma ou de um numero limitado de bactérias no
célon e, assim, melhora a saude do hospedeiro™ (GIBSON et al., 1995). Recentemente, a
Associacdo Cientifica Internacional de Probi6ticos e Prebidticos (ISAPP) convocou um painel
de especialistas para revisar a definicdo de prebidticos, atualizando o termo para a seguinte
defini¢do: “um substrato fermentavel que alcance o coélon humano e seja seletivamente
fermentado por microrganismos hospedeiros, conferindo, assim, efeitos benéficos a saude”
(GIBSON et al., 2017).

Anteriormente, 0s estudos para a identificagdo de substratos prebioticos se

concentravam na avaliacdo de carboidratos, particularmente de oligossacarideos. No entanto,
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uma variedade de novos componentes, a exemplo de compostos fendlicos, peptideos e &cidos
graxos provenientes de diversas fontes alimentares, tém despertado interesse em relacdo as suas
propriedades prebidticas (CUNNINGHAM et al., 2021; GOMEZ et al., 2016; LI et al., 2016;
ZHANG; JU; ZUO, 2018).

Para considerar um ingrediente alimentar como prebidtico, tal ingrediente deve cumprir
alguns requisitos: (a) Apresentar resisténcia a acidez gastrica; (b) ndo deve ser hidrolisado por
enzimas de mamiferos e nem absorvido na parte superior do trato gastrointestinal; (c) deve ser
fermentado seletivamente por bactérias intestinais, estimulando seu crescimento; e (d) tornar-
se metabolicamente ativo alterando a microbiota colonica em direcdo a uma composi¢do
associada a satide e bem-estar (SENES-GUERRERO et al., 2020).

Os benéficos causados pelo consumo de prebioticos ndo se limitam ao estimulo da
multiplicacdo da microbiota intestinal benéfica, estando também associado com diferentes
beneficios a saude humana, incluindo a modulagéo do sistema imunoldgico, melhoria da funcdo
gastrointestinal, aumento da absorcdo de minerais, modulacdo do metabolismo energético,
reducdo do risco de infeccdes intestinais (SANDERS et al., 2019; WANG et al., 2012), melhora
da motilidade gastrointestinal e reducdo dos niveis de colesterol sérico (ASHAOLU, 2020;
ROBERFROID et al., 2010; SANDERS et al., 2019).

Nessa perspectiva, mercado global de prebidticos tem crescido nos Gltimos anos, e, por
iSs0, 0 aumento no interesse no desenvolvendo de novas alternativas para obter processos
sustentaveis e eficientes para aplicacdo em larga escala (DONG et al., 2023; MANO et al.,
2018). Os prebidticos mais documentados até 0 momento sdo oligossacarideos resistentes,
como frutanos (frutoligosacarideos, oligofrutose e inulina) e galactanos. No entanto, a busca
por novas substancias alternativas que cumpram a funcéo prebidtica tem aumentado, expandido
também as suas possiveis fontes. Estudos sobre novas fontes de substancias prebidticas, bem
como abordagens variadas sobre o impacto do consumo na forma nutracéutica ou como
constituintes de uma matriz alimentar, tém sido amplamente abordados, relacionados,
principalmente, a presenga de uma mistura eficiente de compostos bioativos, antioxidantes e
fibras alimentares nesses novos alimentos fontes (FERREIRA et al., 2020; KHANGWAL,;
SHUKLA, 2019).

Além das substancias a base de carboidratos derivadas de plantas, substancias a base de
leveduras e ndo carboidratos, incluindo compostos fenolicos, acidos graxos polinsaturados
(PUFAS) e outros substancias, tém sido reportados como candidatos a uso como prebidticos
(Figura 3). Porém, mais estudos sdo necessarios para comprovar esses efeitos, especialmente
em humanos (CARDOSO et al., 2021; CUNNINGHAM et al., 2021; REZENDE; LIMA,;
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NAVES, 2021). Tem sido discutido ndo apenas sobre novas fontes de prebi6ticos emergentes,
mas também sobre suas caracteristicas fisico-quimica, mercado, legislacao, atividade bioldgica
e aplicacéo tecnologica (CARDOSO et al., 2021 PLAMADA, VODNAR, 2022).

Figura 3. Classificacdo dos prebidticos de acordo com seu desenvolvimento e “status”
regulatorio.
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Fonte: Adaptado de Cardoso et al., (2020).

Legenda: FOS (frutooligossacarideos), GOS (galactooligossacarideos), XOS (xilooligossacarideos), AXOS
(arabinoxilooligossacarideos), IMOs (isomaltooligossacarideos), HMOs (Oligossacarideos do leite humano), COS
(quitooligossacarideos), NAOs, neogaro-oligossacarideos, PUFAs (&cidos graxos polinsaturados) e CLAs (&cido
linoleico conjugado), GRAS (Generally Recognized as Safe), FOSHU (Food for Specified Health Uses), EFSA
(European Food Safety Authority).

Dados cientificos apotam diferentes candidatos como potenciais prebidticos, 0s quais
apresentam em comum alta resisténcia a digestdo, habilidade de estimular o crescimento de
bactérias benéficas e de produzir acidos graxos de cadeia curta (AGCC). Dentre esses tem-se:
xilooligosacarideos (XOS) (compostos por cadeias de residuos de xilose) (AMORIM et al.,
2020a), isomalto-oligossacarideos (IMOs) (mistura de oligossacarideos compostos por uma
unidade de maltose e até oito unidades de glicose unidas por ligagdes glicosidicas) (WU;
JOHNSON-HENRY; SHERMAN, 2020), quito-oligossacarideos soltveis em agua (COS,
quitosana ou quitina despolimerizada, proveniente de exoesqueletos de artropodes) (LIU et al.,
2020), lactosacarose (trisacarideo composto por glicose, galactose e frutose) (LI et al., 2016),
rafinose (residuos de galactose, glicose e frutose) (AMORIM et al., 2020b; MAO et al., 2018),
oligossacarideos do leite humano (HMOs) (RAY etal., 2019; CHENG; YEUNG, 2021), acidos
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graxo polinsaturados (PUFFAs, compostos por um &cido carboxilico e uma cauda alifatica que
contém mais de uma ligacdo dupla carbono-carbono) (LI et al., 2019) e proteinas (proteinas,
hidrolisados de proteinas e peptideos) (ZHANG et al., 2020).

A pectina é um heteropolissacarideo abundante na parede celular primaria e lamela
média das plantas, formada por homogalacturonana (HG), ramnogalacturonana | (RGI),
ramnogalacturonana Il (RGII) e xilogalacturonana (XG), que podem se organizar em esruturas
diversas de acordo com a fonte e 0 método de extracdo (ZDUNEK; PIECZYWEK;
CYBULSKA, 2021). Pectinas tem se mostrado como candidato a prebi6tico, uma vez que ndo
é digerida no trato gastrointestinal, sendo fermentada pela microbiota colénica humana
(SCOTT et al., 2020). Estudos tém demonstrado que a pectina de diferentes fontes, como algas
marinhas, soja ou citricos, pode ser fermentada por membros dos filos Bacteroidetes e
Firmicutes e produzir metabdlitos relacionados a beneficios sobre a saude intestinal
(ELSHAHED et al., 2021; HURTADO-ROMERO et al., 2020).

As propriedades estruturais da pectina, incluindo o grau de esterificacdo e as cadeias
ramificadas, desempenharam papéis criticos na diversidade, enter6tipos ou composic¢éo distinta
da microbiota intestinal (TAN; NIE, 2020). Pesquisa recente realizou a administracao de dieta
rica em gordura contendo diferentes concentragdes (0%, 1%, 3%, 5%, 8% ou 12%) de pectina
de macd por oito semanas em camundongos C57BL/6J, proporcionando aumento das
populacbes de bactérias que degradam a pectina, a exemplo de Faecalibaculum e
Ruminococcus, reducéo de lesbes colbnicas, aumento da producdo de AGCC (dose dependente)
e modulacdo da microbiota intestinal, onde as populagdes de Lactobacillus, Faecalibaculum e
Coriobacteriaceae apresentaram correlagdes positivas com 0s niveis de acetato, propionato e
butirato (ZHAO et al., 2022).

A despolimerizacdo da pectina resulta em pectinoligosacarideos (POS) que podem ser
usados como novos ingredientes funcionais com efeitos prebioticos. Esses oligossacarideos
estruturalmente complexos tém se mostrado melhores candidatos prebioticos do que as pectinas
nativas em ensaios in vitro e in vivo (GOMEZ et al., 2016; MIGUEZ et al., 2020; YEUNG et
al., 2021).

Efeitos da pectina ou POS derivados da beterraba sobre a composi¢cdo da microbiota
intestinal foram recentemente revisados, mostrando que POS da beterraba podem modular
positivamente a composicdo e atividade da microbiota intestinal, destacando-se os efeitos
bifidogénicos, além de estimular o crescimento e metabolismo de probidticos, o que pode
induzir efeito semelhante ao prebiético (DE OLIVEIRA et al., 2021).
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Além das fibras, compostos fendlicos também apresentam potencial atividade
prebidtica, uma vez que, quando atingem o colon, entram em contato direto com o0s
microrganismos intestinais, proporcionando interacdo complexa e multidirecional (MASSA et
al., 2020; SUN et al., 2018). Compostos fendlicos sdo metabolitos secundarios sintetizados
pelas plantas e alguns outros organismos em situacfes adversas, como na presenca de patdgenos
ou condicdes climaticas ndo favoraveis.

Os compostos fendlicos sdo categorizados como flavonoides (flavonas, flavanonas,
flavonois, flavanois, isoflavonas e antocianinas) e moléculas nédo flavonoides (acidos fendlicos,
acidos hidroxicinamicos, lignanas, estilbenos e taninos) (DI LORENZO et al., 2021). Em sua
maioria, 0s compostos fenolicos sdo encontrados na forma conjugada (glicosilada) ou ligados
com macromoléculas de alta complexidade, como fibras dietética, apresentando baixa absor¢édo
no intestino delgado (ALVES-SANTOS et al., 2020).

A biotransformacdo de compostos fendlicos derivados da dieta pode estimular o
crescimento de bactérias probidticas especificas, bem como de bactérias comensais que
compdem a microbiota intestinal (principalmente Lactobacillus spp., Bifidobacterium spp., mas
também Akkermansia spp., Roseburia spp. e Faecalibacterium spp.), influenciando aspectos
como adesdo, crescimento, sobrevivéncia e funcionalidade, além de modular a composicao da
microbiota intestinal por meio da inibicdo de bactérias patogénicas (MOORTHY et al., 2020;
OZDAL et al.,, 2016; SANDERS et al., 2019 SINGH et al.,, 2019). Outras interagoes
mutuamente benéficas entre compostos fendlicos, microbiota intestinal e hospedeiro tém sido
relatadas, como aumento da bioacessibilidade e biodisponibilidade desses compostos durante a
fermentacdo colonica (ALVES-SANTOS et al., 2020; MARTINOV et al., 2017; MA; CHEN,
2020).

Ha exemplos na literatura sobre compostos fenolicos dietéticos com promissora
atividade prebidtica, sendo provenientes de diferentes fontes alimentares, a exemplo de vinho
tinto (NAUMOVSKI; PANAGIOTAKOS; D’CUNHA, 2020), subprodutos do processamento
da jabuticaba (MASSA et al., 2020; SUN et al., 2018), extratos de frutas (ALVES-SANTOS et
al., 2020; COMAN et al., 2018; PENG et al., 2021) e chas (SUN et al., 2018).

Ensaios in vitro mostraram que compostos fenolicos, como catequina, acido gélico,
acido protocatecuico e vanilico, foram capazes de estimular o crescimento de L. rhamnosus GG
ATCC 53103 e L. acidophilus NRRLB 4495 em meio laboratorial, além de inibir o crescimento
de Escherichia coli e Salmonella Typhimurium (PACHECO-ORDAZ et al., 2018).
Antocianinas dos frutos de Lycium ruthenicum Murray (“goji berry”) promoveram aumento da

abundancia relativa de Lactobacillus spp. e Bifidobacterium spp. e redugdo da abundancia
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relativa de Escherichia spp./Shigella spp. na microbiota intestinal de individuos com sindrome
inflamatoria intestinal (PENG et al., 2021).

A medida que o foco na sustentabilidade, custos e escala de producdo emergem, novas
fontes naturais sdo buscadas, com premissa tanto na valorizacdo de residuos e subprodutos
vegetais por meio da produgdo de novos substratos direcionados & modula¢do da microbiota
intestinal, quanto como estratégia de aproveitamento integral dos recursos naturais, reducéo do
desperdicio e menor geracdo de residuos (CUI et al., 2019; SABATER et al., 2021).
Subprodutos agroindustriais, como residuos de processamento, cascas, sementes, talos e folhas,
também tém sido apontados como fontes promissoras de ingrediente de valor agregado, como
fibras alimentares e compostos fenélicos com potencial efeito prebidtico (MENEZES et al.,
2021; SERRANO-CASAS et al., 2017).

Pesquisas com subprodutos vegetais, a exemplo de subprodutos da beterraba agucareira
(LARSEN et al., 2019; GOMEZ et al., 2019, YU et al., 2022), caju (fibra) (DUARTE et al.,
2017; MENEZES et al., 2021b) e abacaxi (casca e caule) (CAMPOS et al., 2020), grédos de café
verde (DESAI et al., 2016), agave e farinha de banana verde (ALVARADO-JASSO et al.,
2020), vagens de Prosopis nigra como substrato para producao enzimatica de FOS (ROMANO
et al., 2019) e macroalgas marinhas (PRAVEEN et al., 2019), indicam o potencial prebidtico
desses materiais, uma vez que atuaram diretamente sobre a sobrevivéncia e estimulacdo de

bactérias benéficas e producdo de metabdlitos importantes, como os AGCC.

2.3 EFEITO DE DIFERENTES SUBSTRATOS ALIMENTARES SOBRE A MICROBIOTA
BACTERIANA INTESTINAL

O intestino humano € colonizado por uma grande variedade de microrganismos vivos,
que formam um ecossistema dindmico essencial para a manutencdo da saide humana. Estima-
se, que 0 numero de microrganismos que colonizam o intestino, denominado ‘'microbiota
intestinal, seja dez vezes maior do que o de células do corpo humano e carregue 150 vezes mais
genes do que 0 genoma humano inteiro (TSIGALOU et al., 2021).

Nos ultimos anos, o interesse por maiores esclarecimentos sobre a relacdo entre a
composigdo e fungdo da microbiota col6nica humana tem aumentado exponencialmente. Sdo
apontados como dominantes na microbiota intestinal os filos bacterianos Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, Fusobacteria e Verrucomicrobia, com os dois
filos Firmicutes e Bacteroidetes representando 90 % da microbiota intestinal. O filo Firmicutes

é composto por mais de 200 géneros diferentes, como Lactobacillus, Bacillus, Clostridium,
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Enterococcus e Ruminococcus. Bacteroides e Prevotella consistem nos géneros predominantes
no filo Bacteroidetes. O filo Actinobacteria é proporcionalmente menos abundante, sendo
representado principalmente pelo género Bifidobacterium (RINNINELLA et al., 2019a; 2019b;
RUAN et al., 2020; VAN TREUREN; DODD, 2020).

Cada individuo alberga um padrdo Unico de composicdo bacteriana, determinado em
parte pelo gendtipo do hospedeiro e pela colonizacédo inicial que ocorre com a transmissdo
materno-fetal durante a gravidez, onde o histérico genético do recem-nascido, a microbiota
intestinal materna, o ambiente intrauterino, o tipo do parto, a alimentacdo e o ambiente externo
ao qual € exposto podem influenciar a colonizacdo microbiana do seu trato gastrointestinal
(VANDENPLAS et al., 2020; YANG et al., 2021). Na fase adulta, a microbiota intestinal de
um individuo pode sofrer variacdes na sua diversidade devido a influéncias externas, como
padrdes dietéticos, uso de antibioticos, estilo de vida, estresse ambiental, status socioeconémico
e geografia (CHENG; NING, 2019; DAVENPORT et al., 2014; RUAN et al., 2020). A
composi¢do genética microbiana também pode mudar com o tempo, por exemplo, devido a
ocorréncia de mutagénese (SUN et al., 2020).

Diferentes estudos definem que a microbiota intestinal tem um papel fundamental na
mediacdo do metabolismo humano, atuando na producdo de vitaminas, aminoacidos, AGCC,
manutencdo da barreira epitelial, inibicdo da adesdo de patdgenos nas superficies intestinais,
degradacdo de fontes de carbono originalmente ndo digeriveis e modulacdo do sistema
imunoldgico (CHEN et al., 2021; SANCHEZ et al., 2017).

A microbiota pode vir a ser considerada saudavel quando se mostra diversificada,
equilibrada e resiliente, com capacidade de retornar a um estado de equilibrio apds perturbaces.
Esse equilibrio pode ser chamado de homeostase, enquanto as alteragdes na composicdo e
funcdo da microbiota levam ao conceito de disbiose, que podem estar associadas com a
presenca de varias doencas crénicas, como disturbuios intestinais (doenca celiaca, sindrome do
intestino irritavel, doenca inflamatdria intestinal) e extraintestinais (doencas cardiovasculares,
hepaticas e renais, sindrome metabdlica, alergias, obesidade) (ANDRADE et al., 2020;
CARDING et al., 2015; MENEZES et al., 2021a; RUAN et al., 2020).

Evidéncias cientificas demonstram que remodelar as interagdes hospedeiro-microbiota
por meio da nutricdo € uma via terapéutica para promocao da saude e prevencao de doencgas. A
dieta € um importante determinante da configuracdo da microbiota, sendo o alimento a principal
fonte de energia para 0s microrganismos intestinais. Assim, mudangas nos padrbes de
macronutrientes dietéticos, principalmente carboidratos, podem resultar em variagdes rapidas

na estrutura populacional da microbiota intestinal por meio da modulagéo da abundancia de
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determinadas espécies e das suas funcBGes individuais ou coletivas (Figura 4)
(KOLODZIEJCZYK; ZHENG; ELINAV, 2019; RAMOS; MARTIN, 2021; YANG et al., 2020;
ZHANG; JU; ZUO, 2018).

Padrdes dietéticos podem influenciar fortemente a composic¢ao da microbiota intestinal,
podendo, em alguns casos, como nas dietas pobres em fibras, reduzir a diversidade microbiana
intestinal em relacdo aos filos e géneros, levando a dishiose, com alteragdo da funcéo de barreira
e permeabilidade e ativacdo anormal de células imunes, repercutindo em alta incidéncia de

doencas cronicas (RINNINELLA et al., 2019b; YANG et al., 2020).

Figura 4. Efeito dos nutrientes na microbiota intestinal
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Fonte: adaptada de Yang et al. (2020).

Padr@es alimentares, como vegetariano e vegano, tendem a promover maior riqueza de
Bacteroidetes na microbiota intestinal quando comparada a dietas onivoras (LOSASSO et al.,

2018). Dietas cetogénicas resultam em aumento da ingestdo de gorduras e reducdo da ingestao
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de carboidratos, causando diminuicdo do conteGdo de polissacarideos associado com
diminuicdo das populagbes de microrganismos intestinais benéficos, a exemplo de
bifidobactérias (RINNINELLA et al., 2019b). O uso de dieta cetogénicas em criancas
promovem diferencas na composi¢cdo taxonémica e funcional da microbiota, apresentando
diminuicdo na abundancia de bifidobactérias, Eubacterium rectale e Dialister e aumento de
Escherichia coli (LINDEFELDT et al., 2019).

As mudancas ciclicas na microbiota intestinal humana devido a variacdo sazonal na
dieta, especialmente para pessoas que vivem em sociedades tradicionais, também € um exemplo
relevante de como a dieta tem grande influéncia na formacdo da microbiota
(KOLODZIEJCZYK; ZHENG; ELINAV, 2019). A dieta mediterranea, que é amplamente
aceita como padrdo de dieta saudavel, por ser baseada no consumo de uma variedade de
alimentos vegetais, com alto percentual de fibras, acarreta em um perfil bacteriano com maior
abundancia de Bacteroidetes e menor propor¢do de Firmicutes em relacdo aos Bacteroidetes
(TSIGALOU et al., 2021).

Padrdo alimentar caracterizado pela baixa ingestao de fibras dietéticas e maior consumo
de gordura e acUcar, pode reduzir a diversidade microbiana. O baixo consumo de fibra alimentar
prejudica a microbiota intestinal, resultando em disfung¢des que contribuem para 0 aumento de
doencas, podendo levar também ao desaparecimento de cepas bacterianas benéficas
(SONNENBURG et al., 2016; ZHANG; JU; ZUO, 2018).

Carboidratos podem ser absorvidos parcialmente no intestino delgado, a exemplo de
monossacarideos e dissacarideos, enquanto outros mais complexos, como as fibras, que ndo
sofrem digestdo, sdo fermentados no célon por microrganismos presentes neste ambiente.
Quando os carboidratos nao digeridos chegam ao célon, estruturas complexas sdo hidrolisadas
por enzimas extracelulares produzidas pela microbiota, que clivam esse substrato em uma
estrutura mais simples que pode ser importada para a célula para ser fermentada, gerando ATP
e metabolitos, como acidos organicos (GONG et al., 2020; PAYLING et al., 2020).

Estudos revelam que os prebidticos geralmente causam aumento da prevaléncia de
Bifidobacterium, seguido por aumento de Lactobacillus, os quais costumam ser probidticos
marcadores de prebiose por exceléncia (CATARINO et al., 2021; WANG et al., 2020), embora
a definicdo atual de prebidtico permita a ampliacdo dos microrganismos alvo, englobando
algumas espécies de géneros antes reconhecidas como patogénicas. Algumas fibras dietéticas,
incluindo arabinoxilanos, galacto-oligossacarideos, inulina e oligofrutose, podem modular

positivamente a microbiota, aumentando a populagdo de bactérias benéficas, como


https://www.sciencedirect.com/topics/medicine-and-dentistry/gut-microbiota
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microflora

33

Bifidobacterium, Lactobacillus, Akkermansia, Fecalibacterium, Roseburia, Bacteroides,
Prevotella, Clostridium e Ruminococcus (YANG et al., 2020).

Nesse contexto, acdo prebiotica pode ocorrer sobre microrganismos conhecidos como
probidticos. Os probioticos podem ser definidos como microrganismos vivos que, quando
administrados em quantidades adequadas, conferem beneficios a satde do hospedeiro (HILL et
al., 2014), com mecanismos de acéo relacionados a protecéo contra patégenos, modulagéo da
microbiota intestinal, producdo de enzimas e AGCC, restauracdo da homeostase intestinal com
melhora na funcéo de barreira e modulacdo do sistema imune, como apresentado na Figura 5
(SANDERS et al., 2019; YANG et al., 2020).

Figura 5. Mecanismo de acdo dos probidticos
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Fonte: Adaptado de Sanders et al., 2019.

Bifidobacterium e Lactobacillus s&o considerados os principais alvos microbianos para
a acao prebidtica devido aos seus resultados benéficos na saude intestinal com resultados
sistémicos (HILL et al., 2014; SANDERS et al., 2019). O género Lactobacillus é amplamente
distribuido na natureza, sendo isolado de varias matrizes alimentares, incluindo materiais

vegetais, produtos lacteos, produtos fermentados e leite materno. As cepas desse género
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geralmente receberam uma presungdo qualificada de seguranga (QPS) da “European Food
Safety Authority” (EFSA) e “status” de geralmente reconhecido como seguro (GRAS) da
“United States Food and Drug Administration” (US FDA), sendo algumas amplamente
comercializadas, a exemplo de L. acidophillus La-05 e L. paracasei L-26 (CUI & CU, 2021,
EFSA, 2017; ZHANG et al., 2018). Outras cepas, a exemplo de Limosilactobacillus fermentum
296, tem sido citada como segura e capaz de exercer diversos efeitos positivos sobre a salde
do hospedeiro em diversos ensaios in vitro e in vivo (CRUZ NETO et al., 2023; DE ARAUJO
etal., 2022; DE ALBUQUERQUE et al., 2018).

As populagdes de algumas bactérias intestinais (por exemplo, Bacteroides e Clostridium)
tendem a diminuir apos a ingestdo de prebidticos, possivelmente devido a inibicdo competitiva
de outras espécies colonizadoras que fermentam preferencialmente os prebidticos no intestino,
bem como pela producdo de acidos organicos, especialmente os AGCC. Os AGCC induzem
alteracdes no microambiente intestinal, promovendo a redugdo do pH colonico, impedindo que
bactérias patogénicas se adaptem facilmente a esse ambiente (RAMOS; MARTIN, 2021;
WANG et al., 2020). Um estudo de revisdo sobre o uso de prebidticos para alteracfes na
microbiota intestinal apontou que, em ensaios com amostras fecais humanas, ha evidéncia de
aumentos significativos para o género Bifidobacterium, apés a intervengdo com prebidticos
(WANG et al., 2020).

Além dos carboidratos, estudos recentes tém apontado que a interagdo entre compostos
fenolicos e microrganismos benéficos da microbiota intestinal trazem beneficios a saude por
meio da estimulacdo do crescimento, sobrevivéncia e funcionalidade de microrganismos
probioticos, bem como pela atividade dos metabdlitos resultantes da sua biotransformacéo,
sugerindo-os como compostos prebidticos (DE SOUZA et al., 2019; WANG; QIl; ZHENG,
2022). Compostos fendlicos dietéticos sdo apontados como fortes candidatos a prebioticos, com
potencial de modular a microbiota intestinal, em especial a diversidade bacteriana e proporc¢édo
entre Firmicutes/Bacteroidetes, com énfase em espécies probioticas pertencentes aos géneros
Lactobacillus (PARKAR; TROWER; STEVENSON, 2013; WANG et al., 2018 WANG, QlI,
ZHENG, 2022).

Sendo a beterraba uma hortalica com aporte consideravel de nutrientes e bioativos, com
todas as suas porc¢des anatdmicas ricas em betalainas, compostos fendlicos e fibras dietéticas,
se faz necessario a busca por possibilidades de seu aproveitamento integral como ingrediente
funcional. A identificacdo de possiveis propriedades benéficas de diferentes partes da beterraba,
como estimulacdo do crescimento, protecdo frente aos efeitos adversos da digestéo

gastrointestinal por meio da manutencdo da funcionalidade e da capacidade de sobrevivéncia
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de probidticos, bem como dos seus impactos sobre a microbiota intestinal humana, torna-se
importante para valorizacdo tanto da raiz quanto dos subprodutos da beterraba, estando
alinhados com a perspectiva agroalimentar sustentavel e de economia circular.

No contexto atual da producédo de alimentos, os processos de fabricacdo sdo otimizados
buscando menor dependéncia de matérias primas virgens, priorizando insumos renovaveis,
aliando, assim, o desenvolvimento econdmico ao melhor uso dos recursos naturais (JIMENEZ-
LOPEZ et al., 2020). Toma-se, como exemplo, a cultura da beterraba, onde partes comestiveis
ndo usuais, como talos e folhas, bem como beterrabas fora do padréo de comercializacdo podem
ser utilizadas para a producédo de ingredientes de valor agregado para a industria alimenticia e
farmacéutica.

Uma abordagem relevante sobre a tematica da tese é apresentada no artigo de revisao
intutulado como “A review on bioactive compounds of beet (Beta vulgaris L. subsp. vulgaris)
with special emphasis on their beneficial effects on gut microbiota and gastrointestinal health”,
publicado no periddico “Critical Reviews in Food Science and Nutrition” no ano de 2020
(APENDICE B), o qual foi um dos produtos dessa tese. A revisio fornece uma atualizacéo e
discute a literatura disponivel sobre o0s nutrientes e compostos bioativos presentes na beterraba
e sua capacidade de causar efeitos benéficos sobre a microbiota intestinal, com repercusses
em diversos parametros indicadores da sadde intestinal. A publicacdo do artigo de revisdo na
tese estd em consonancia com a politica de permissdes para uso académico descrito no “Taylor
& Francis Journal” e encontra-se disponivel para acesso em
https://doi.org/10.1080/10408398.2020.1768510
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3 MATERIAIS E METODOS

3.1 LOCAL DA PESQUISA E DELINEAMENTO EXPERIMENTAL

Os experimentos foram realizados, em sua maioria, no Laboratorio de Microbiologia
e Bioquimica de Alimentos (LMBA) do Departamento de Nutrigdo - Universidade Federal da
Paraiba (UFPB) - Campus I, Jodo Pessoa — PB. As andlises cromatrograficas ocorreram no
Laboratorio Experimental de Alimentos (LEA) - Departamento de Tecnologia de Alimentos -
Instituto Federal do Sertdo Pernambucano (IF Sertdo-PE), Petrolina — PE.

Inicialmente, os liofilizados da beterraba foram obtidos apds higienizacdo e
porcionamento do vegetal. A parte raiz foi denominada FDBR e a mistura de talo e folhas de
FDBSL. FDBR e FDBSL foram submetidos as analises de determinacdo da composicao
nutricional e parametros fisico-quimicos, seguido por digestdo gastrointestinal in vitro, onde as
cepas de Lactobacillus testadas foram expostas aos liofilizados de beterraba, sendo avaliados
parametros relacionados a fisiologia e viabilidade celular bacteriana, capacidade antioxidante
total e compostos fenolicos totais durante as trés fases principais da digestdo (boca, estbmago
e intestino). Em segundo momento do estudo, FDBR e FDBSL passaram por processo de
digestdo simulada e o produto da digestao foi avaliado em dois ensaios de fermentacéao distintos
com trés cepas probidticas, onde foi realizada a contagem das células vidveis em placas,
seguindo com ensaios de fermentacdo com inoculo fecal humano, quantificando grupos
bacterianos utilizando a técnica de fluorescéncia de hibridizacao in situ (FISH), seguido por
analise de citometria de fluxo multiparamétrica (CFM). Nas duas fermentac@es foi realizado o
monitoramento de indicadores de atividade metabolica (pH, perfil de acucares, acidos organicos
e perfil de compostos fendlicos) presentes no meio fermentado ao longo do tempo. Em seguida,
foi realizada a avaliacdo do escore prebidtico para cada fermentacdo in vitro. O desenho do

estudo encontra-se apresentado na Figura 6.



37

Figura 6. Delineamento experimental da pesquisa.
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Fonte: Autor, 2023.
Legenda: FDBR, liofilizado de raiz de beterraba; FDBSL, liofilizado de talo e folha de beterraba; FISH,
hibridizacéo por fluorescéncia in situ; CFM, citometria de fluxo multiparamétrica.

3.1.1 Aquisicéo das amostras de beterraba e obtengéo dos liofilizados

Para a realizacdo desse estudo, foram coletadas amostras de beterraba vermelha (Beta
vulgaris L., cultivar Maravilha ou “early wonder” de trés diferentes produtores da agricultura
familiar (10 amostras de cada) em seu estado integral (raiz, talos e folhas) (Figura 7), obtidas
em feiras agroecoldgicas na cidade de Jodo Pessoa. As amostras passaram pelas etapas de
lavagem, sanitizacdo com solucdo de hipoclorito de sodio (150 ppm, 15 minutos) e enxague.
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As beterrabas higienizadas foram fracionadas em raiz, talos e folhas e cada parte foi
prontamente processada em processador elétrico doméstico usando disco ralador de 1,2 mm
(modelo R10702, Philips Walita, Sdo Paulo). Todo o material foi acondicionado em pratos
plasticos e congelados a -18 °C por 24 h, e, subsequentemente, submetidos ao processo de
liofilizacdo por 24 horas (temperatura -55 + 2 °C, pressdo do vacuo <138uHg, velocidade 1
mm/horas) usando liofilizador de bancada (modelo L-101, LIOTOP, Sao Carlos, Brasil). O
material seco foi novamente processado e tamisado através de peneira fina para obtencéo de
um pé com tamanho de particula <1,0 mm. O po obtido foi acondicionado em sacos de
polietileno laminado e armazenados sob refrigeracdo (4 £ 0,5 °C) até uso nos experimentos.
Dos liofilizados obtidos, talos e folhas foram misturados em igual proporgéo, obtendo-se, assim,
duas amostras de liofilizados: raiz (FDBR) e talo + folha (FDBSL).

Figura 7. Beterraba vermelha (Beta vulgaris L.) cv. Early wonder.

Fonte: Autor, 2023

3.1.2 Caracterizacao fisico-quimica dos liofilizados de beterraba

3.1.2.1 Composigéo centesimal

A analise dos parametros fisico-quimicos dos liofilizados FDBR e FDBSL foram
realizadas utilizando os procedimentos descritos pela AOAC (2016) para obtengéo dos teores
de umidade (AOAC 940.26), cinzas (AOAC 940.26), carboidratos, proteinas (AOAC 935.58)
e lipidios (AOAC 920.39). Os contetdos de fibras insoliveis e soluveis foram determinados
utilizando método enzimatico-gravimétrico (TOBARUELA et al., 2018) e teor de pectina como
pectato de calcio (RANGANNA, 1979).
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3.1.2.2 Quantificacdo de agUcares e &cidos organicos

Para determinacg&o do contetdo de agucares (glicose e frutose), foi preparado um extrato
aquoso do FDBR e FDBSL. Inicialmente, 1 g de cada amostra foi homogeneizada com 5 mL
de 4gua ultra purificada (Sistema de Purificacdo de Agua Integral Milli-Q®, EMD Millipore,
Billerica, MA, EUA) por 10 minutos com aparelho Turratec (Tecnal, Piracicaba, S&o Paulo,
Brasil). A suspensdo foi centrifugada (4000 x g, 15 minutos, 4 °C) e o sobrenadante foi filtrado
com filtro de 0,45 um (Whatman®, GE Healthcare, Chicago, IL, EUA).

Para determinacdo dos contetdos de acido latico, citrico, succinico, férmico e malico
e/ou AGCC (acético, butirico e propidnico), foi realizada uma extracdo acida, onde 1 g da
amostra foi diluida em 5 mL de &cido sulfdrico 4 mM/L, solubilizada utilizando agitador tipo
Vortex (Tecnal), e, em seguida, centrifugado (58136 x g, 10 minutos, 4 °C). O sobrenadante foi
coletado utilizando agulha acoplada a uma seringa e, em seguida, filtrado com filtro de seringa
de 0,45 um (Whatman®, GE Healthcare, Chicago, IL, EUA).

Para cada amostra, foi realizada uma injecdo em sistema de cromatografia liquida de
alta eficiéncia LC 1260 Infinity (Agilent Technologies, Santa Clara, California, EUA),
equipado com bomba de solvente quaterndrio (modelo G1311C), desgaseificador,
compartimento de coluna termostato (modelo G1316A) e amostrador automatico (modelo
G1329B) acoplado a detector de matriz de diodo (DAD) (modelo G1315D) e detector de indice
de refracdo (RID) (modelo G1362A). Durante a andlise, a coluna Agilent Hi-Plex H (300 x 7,7
mm) com tamanho de particula de 8,0 um e coluna de guarda PL Hi-Plex H (5 x 3 mm) (Agilent
Technologies) foram mantidas a 50 °C, o volume de injecao foi de 10 pL, vazao de 0,5
mL/minutos, fase mével 4 mM H>SO4 em agua ultrapura e corrida de 20 minutos. Os dados
obtidos foram processados com o software OpenLAB CDS ChemStation EditionTM (Agilent
Technologies). Os picos e as areas médias de pico foram utilizados para quantificacdo dos
compostos por meio da comparagdo dos seus tempos de retencdo com os padrdes de acidos
organicos e agucares, expressando os resultados em g/L (COELHO et al., 2018; LIMA et al.,
2019).

Para realizacdo dessas analises, os padrdes de glicose e frutose foram obtidos da Sigma-
Aldrich (St. Louis, MA, EUA); os padrdes dos acidos acético, butirico, citrico, formico, latico,
propidnico, succinico e malico foram obtidos da Vetec Quimica Fina (Rio de Janeiro, Brasil);
todos 0 com uma pureza de > 99 %. A agua ultrapura foi obtida de sistema de ultra purificagdo
de agua (Milli-Q®) e o acido sulfurico foi obtido da Merck (Darmstadt, Alemanha).
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3.1.2.3 Quantificagcdo de compostos fenolicos

A execucdo dessa anélise se deu por meio de hidrolise &cida, onde 2 g de cada amostra
(FDBR e FDBSL) foram acidificadas com HCI 0,1 M (Neon, Suzano, Sao Paulo, Brasil) para
atingir pH 2, seguindo-se por mistura com 10 mL de metanol (Neon): agua destilada (70:30,
v/v) e tratamento com ultrassom (60 minutos, 37 kHz, 30 °C). A solucdo foi centrifugada (4000
X g, 15 minutos, 4 °C) e o sobrenadante foi filtrado com filtro de tamanho de poro de 0,45 um
(Whatman®).

Para separacdo e quantificacdo dos compostos fendlicos foi utilizado cromatdgrafo
Agilent (modelo 1260 Infinity LC, Agilent Technologies) equipado com bomba quaternéria de
solventes (modelo G1311C), desgaseificador, compartimento termostético da coluna (modelo
G1316A) e amostrador automatico (modelo G1329B), juntamente com detector de matriz de
diodos (DAD) (modelo G1315D) e detector de indice de refracdo (DIR) (modelo G1362A). As
condigdes analiticas foram: pré-coluna Zorbax C18 (12,6 x 4,6 mm, 5 um) (Zorbax, EUA) ¢
coluna Zorbax Eclipse Plus RP-C18 (100 x 4,6 mm, 3,5 um) utilizadas para a separagdo
cromatografica dos compostos fenolicos. A fase movel foi uma solucéo de agua acidificada
com acido fosférico 0,1 M (pH 2,0, fase A) e metanol acidificado com acido fosférico a 0,5 %
(fase B) com taxa de fluxo de 0,8 mL/minutos. Os dados foram processados com o software
OpenLAB CDS ChemStation EditionTM (Agillent Technologies). Os picos das amostras de
CLAE foram identificados comparando seus tempos de retencdo com aqueles encontrados para
o0s padrdes de compostos fendlicos (Sigma Aldrich). Foram realizadas injecdes duplicadas e as
areas médias dos picos foram usadas para quantificagdo dos compostos fenélicos identificados,
expressando os resultados em mg/g (PADILHA et al., 2017).

3.1.2.4 Quantificacdo de betalainas

Para determinacdo do teor de betalainas, um extrato aquoso (1%, p/v) foi preparado e
macerado por congelamento por aproximadamente 12 horas. Depois de descongelar, o extrato
aquoso foi centrifugado duas vezes (8536xg, 20 minutos, 4 °C), o sobrenadante (1 mL) foi
diluido com agua destilada (24 mL) e as leituras de absorbancia (538 nm e 476 nm) foram
realizadas em triplicata em espectrofotdmetro (Biotek Multi-Detecgdo Synergy HT X, Winooski,
VT, EUA). A absorgdes de luz em 538 nm e 476 nm foram usadas para calcular o contetdo de

betacianinas e betaxantinas (mg/100 g), respectivamente. A absor¢do a 600 nm foi medido para
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corrigir a ocorréncia de pequenas impurezas. O contedo total de betalainas foi expresso como
a soma de betacianinas e betaxantinas (NILSSON, 1970; VON ELBE, 2001).

3.2 AVALIACAO DO EFEITO DE FDBR E FDBSL SOBRE A SOBREVIENCIA DE CEPAS
DE Lactobacillus' QUANDO EXPOSTAS A DIGESTAO GASTROINTESTINAL
SIMULADA

3.2.1 Preparo dos in6culos bacterianos

Para a realizacdo destes experimentos foram utilizadas trés cepas de microrganismos
reconhecidos como probioticos, a saber: Lactobacillus acidophilus (LA-05), Lacticaseibacillus
casei (L-26) (anteriormente denominado Lactobacillus casei L-26) (ZHENG et al., 2020) e
Limosilactobacillus fermentum (L-296) (DE ALBUQUERQUE et al., 2018; GARCIA et al.,
2016). As cepas La-05 e L-26 foram fornecidas pela Colecdo de Microrganismos da Faculdade
de Biotecnologia da Universidade Catolica Portuguesa (Porto, Portugal). A cepa L. fermentum
296 foi isolada de subprodutos de frutas e previamente caracterizada em estudos in vitro e in
vivo como tendo aptidées para uso como probioticos (CAVALCANTE et al., 2019; DE
ALBUQUERQUE et al., 2018; DE LUNA FREIRE et al., 2021; DE OLIVEIRA et al., 2020;
GARCIA et al., 2016). Para utilizagdo nos ensaios, cada cepa foi cultivada em caldo de Man,
Rogosa e Sharpe (MRS) (HiMedia, Mumbai, india) a 37 + 1 °C por 24 horas sob anaerobiose
(AnaeroGen, Oxoid, Basingstoke, Inglaterra). Em seguida, as culturas foram centrifugadas
(4500 x g, 15 minutos, 4° C), lavadas duas vezes e ressuspensas em solucdo salina tamponada
com fosfato esterilizada (8 g/L de NaCl, 0,2 g/L de KCI, 1,44 g/L de Na;HPO4, 0,24 g/L de
KH2PO34) para obter suspensdes celulares com densidade dptica a 655 nm (DO655) de 0,3 - 0,5.
Estas suspensdes apresentaram contagens de células viaveis de aproximadamente 6 log de
unidades formadoras de col6nias (UFC) por mL (UFC/mL) quando inoculadas em agar MRS
(HiMedia) (DE ALBUQUERQUE et al., 2018; DE SOUSA et al., 2015).

3.2.2 Simulagéo da digestao gastrointestinal

O processo de simulacdo ocorreu conforme o0s estagios referentes as fases da digestao
oral, estomacal e intestinal. A agitacdo mecanica foi utilizada para simular os movimentos
peristalticos e todas as etapas foram realizadas sob temperatura de 37 °C + 1 ‘C em estufa
incubadora (TE-424, Tecnal) (DE ALBUQUERQUE et al., 2020).
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Foram testados os liofilizados FDBR, FDBSL, FOS (controle positivo) e um sistema
com adicao de tampéo de fosfato (HiMedia) usado como controle negativo. Inicialmente, 2,5 g
da amostra liofilizada foi misturada com 25 mL de agua destilada esterilizada e
homogeneizados por 2 minutos. A seguir, cada amostra foi inoculada assepticamente com 5 mL
da suspensdo de inoculo de cada cepa (La-05, L-26 e L-296 com contagem final de células
viaveis entre 6 e 7 log de UFC/mL) e homogeneizados por 2 minutos antes de prosseguir para
as etapas seguintes.

A etapa boca foi simulada por meio da adi¢do de solugao de a-amylase (Sigma Aldrich)
na concentracdo de 100 U/mL de CaCl2 a 1 mM e pH ajustado para 6,9 com solucdo de
NaHCO3 1M sob agitacdo de 200 rpm com tempo de exposicao de 2 minutos a 37 £ 1 °C. Na
etapa que simula as condic¢des estomacais, foi adicionado solucéo de pepsina (Sigma Aldrich)
na concentracdo de 25 mg/mL de HCl a 0,1 N, adicionada a uma razdo de 0,05 mL/mL e com
reducdo gradual do pH da mistura até 2,0, usando solugdo de HCI a 1N e agitacdo de 130 rpm
a 37 £ 0,5 °C durante 120 minutos. A etapa da fase intestinal foi simulada com com adicdo de
solucdo contendo pancreatina (Sigma Aldrich) na concentracdo de 2 g de pancreatina/L de
NaHCO3za0,1M e solugdo de sais de bile (Sigma Aldrich) na concentracdo de 12 g de sais de
bile bovino/L de NaHCO3 a 0,1M com ajuste de pH para 6,0 com NaHCOs a 0,1M, sendo
expostos durante 120 minutos sob agitacdo de 45 rpm a 37 £ 1 °C.

3.2.3 Enumeracdo de células viaveis das cepas de Lactobacillus durante a digestao
gastrointestinal simulada

Para avaliar a viabilidade das cepas expostas aos liofilizados de beterraba (FDBR e
FDBSL) durante o processo de digestdo simulada, aliquotas de 100 uL foram retiradas de cada
fase da digestdo simulada (boca, estdmago e intestino), diluidas seriadamente (101-10°) em
solucdo salina tamponada estéril e aliquotas de 10 pL foram inoculadas em &gar MRS
(HiMedia), por meio da técnica de microgotas, e incubadas sob anaerobiose (AnaeroGen, Oxoid,
Basingstoke, Inglaterra) a 37 + 1 °C por 48 horas. Ao final do periodo de incubag&o, as colbnias
visiveis foram enumeradas e 0s resultados expressos em log UFC/mL com limite de detec¢do
de 2 log UFC/mL (DUARTE et al., 2017).

3.2.4 Avaliacdo do estado fisioldgico das cepas de Lactobacillus durante a digestéo
gastrointestinal simulada



43

3.2.4.1 Procedimento de coloracao e andlise de citometria de fluxo multiparamétrica

Apo0s a exposicao a cada uma das etapas da digestdo gastrointestinal simulada, aliquota
de 1,5 mL foi retirada e filtrada em membrana de celulose regenerada (0,45 pm, Whatman®),
sendo o filtrado obtido lavado duas vezes e ressuspenso em solucdo salina tamponada com
fosfato e submetidas ao procedimento de coloragcdo com iodeto de propidio (PI, Sigma-Aldrich)
na concentra¢do de 10 pg/mL e diacetato de carboxifluoresceina (cFDA, Sigma-Aldrich) na
concentragdo de 2,5 ug/mL. As amostras submetidas a dupla coloracdo foram incubadas por 15
minutos em ambiente protegido da luz. Em seguida, estas suspensfes foram centrifugadas
(4500 x g, 10 minutos, 4 °C) e lavadas em igual volume de tampao fosfato salino esterilizado a
fim de remover o excesso dos fluorocromos. Finalmente, foram ressuspendidas em solugéo
salina tamponada com fosfato estéril. Assim, as suspensdes de células estavam adequadas para
analise em citdmetro de fluxo multiparamétrico (RODRIGUES et al., 2022).

A coloragdo com estes fluorocromos foi realizada para avaliar a integridade da
membrana citoplasmatica (corante Pl) e presenca de atividade respiratéria/metabdlica (corante
cFDA), respectivamente, nas células dos isolados inoculados nas diferentes amostras
(liofilizados e controles positivo e negativo) (DE SOUZA PEDROSA et al.,, 2020;
PAPARELLA et al., 2008).

3.2.4.2 Anélise de dados e interpretacdo dos resultados

As andlises foram realizadas com uso de citdbmetro de fluxo com emissdo de laser de
argonio a 488 nm e 640 nm (BD Accuri C6, Becton Dickinson, Franklin Lakes, NJ, EUA). 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
marcagOes com cFDA. O detector de fluorescéncia denominado de canal FL3 detecta luz com
comprimentos de onda > 670 nm foi utilizado para coletar fluorescéncia na cor vermelha, a fim
de verificar marcagdes com PlI.

Os niveis do limiar para aquisicdo de dados foram definidos com os detectores de
dispersdo de luz. Na dispersdo direta (foward scatter, FSC) utilizou-se o valor de 30.000 e na
dispersdo lateral (side scatter, SSC) foi utilizado o valor de 12.000 com o intuito de eliminar
particulas muito menores do que as células intactas e delimitar as células bacterianas,
respectivamente.

Cada aquisicao de amostra foi feita com uma configuracéo de baixa taxa de fluxo (12
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puL/minuto) e um total de 10000 eventos foram analisados por amostra. Foi utilizada uma
compensacao automaética para os dados obtidos. A analise dos dados foi realizada com o
software BD Accuri C6 (Becton Dickinson and Company) (PAPARELLA et al., 2008; DE
SOUZA PEDROSA et al., 2020).

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 subpopulacdo celular de acordo com a fluorescéncia detectada
nas leituras como mostra a Figura 8 (PAPARELLA et al., 2008)

Figura 8. Interpretacdo do citograma da dispersdo das subpopula¢bes marcadas com iodeto de
propidium (PI) e carboxifluoresceina diacetato (cCFDA).
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Fonte: Autor, 2023.

Legenda: PI+ (membrana permeabilizada), PI- (membrana intacta), cFDA + (com atividade enzimatica) e cFDA
— (sem atividade enzimatica); PI-/cFDA+ (células vivas), PI+/cFDA+ (células injuriadas), PI+/cFDA- (células
mortas); PI-/cFDA- (células ndo marcadas).

3.2.5 Avaliagéo da capacidade antioxidante dos liofilizados durante a digestéo simulada

A capacidade antioxidante de FDBR e FDBSL foi avaliada através do uso de dois
métodos: eliminacao do radical DPPH (2,2-difenil-1-picrilhidrazil) e capacidade sequestradora
do radical ABTSe+ (acido 2,2'-azino-bis(acido 3-etilbenzotiazolina-6-sulfénico) (LEE et al.,
2020; SHEHATA et al., 2021). Para anélise de DPPH, apds exposicéao a cada etapa da digestéo
simulada, aliquotas (0,05 mL) das amostras foram reagidas com solugdo de DPPH 0,2 mM
(Sigma-Aldrich) em metanol (0,1 mL), agitadas vigorosamente e mantidas por 30 minutos no
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escuro para logo em seguida ter a absorbancia lida a 517 nm com um espectrofotometro (Biotek
Multi-Detection Synergy HTX). O controle foi preparado com agua substituindo a amostra.

O cation radical ABTS (ABTSe+) foi gerado com a reacdo de 5 mL de solugédo aquosa
de ABTS (7 mM) + 88 uL de solugédo de persulfato de potassio (140 mM). A mistura foi mantida
no escuro (14 h, 28 + 1 °C) antes do uso e diluida com etanol para atingir uma absorbancia de
0,7 £ 0,02 unidades a 734 nm usando um espectrofotémetro. Aliquotas (0,05 mL) das amostras
foram reagidas com 0,1 mL da solucdo de radical ABTS azul-verde, agitadas e mantidas no
escuro a temperatura ambiente (25 + 1 °C) por 6 minutos. Em seguida foram observadas as
diminuigdes da absorbancia a 734 nm usando espectrofotometro. Todos os testes foram
realizados em triplicata e o resultado expresso em percentual de atividade de eliminagdo do

radical.

3.3 ENSAIOS PARA AVALIACAO DAS PROPRIEDADES PREBIOTICAS

Ensaios in vitro utilizando sistemas de fermentacdo foram realizados para avaliar 0s
efeitos de FDBR e FDBSL sobre a sobrevivéncia e protecdo de cepas de Lactobacillus com
alegacdo probidtica durante a passagem gastrointestinal. Fermentacdo in vitro utilizando
indculo fecal humano também foi usado para avaliar o impacto dos liofilizados de beterraba
sobre a modulacdo de grupos bacterianos distintos da microbiota intestinal, bem como sobre
seu metabolismo. Um indice matematico foi utilizado para obter a média quantitativa da

influéncia dos substratos testados sobre a seletividade no crescimento de bactérias benéficas.

3.3.1 Digestéo gastrointestinal in vitro dos liofilizados

Os liofilizados FDBR e FDBSL foram submetidos a uma digestdo gastrointestinal in
vitro para ser transformado em material com caracteristicas similares aquelas quando atingem
0 célon humano. Para isso, 5g de cada amostra foi solubilizada em 50 mL de agua destilada
estéril e prosseguindo para as etapas de digestdo oral, estomacal e intestinal conforme descrito
no topico 3.2.2.

Todo o material proveniente da digestdo simulada, foi transferido para um tubo de
dialise de celulose regenerada de 1 kDa de peso molecular (Spectra/Por_ 6, Spectrum Europe,
Holanda) e dialisada em contrafluxo de NaCl 0,01M a 5 + 1 °C para remover monossacarideos
livres presentes no subproduto pré-digerido. Apds 18 horas, os fluidos de dialise foram
substituidos por nova solugéo de NaCl 0,01M a5 £ 1 °C e 0 processo continuou por um periodo
adicional de 2 horas. As amostras digeridas dialisadas foram liofilizadas novamente (Figura 9
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A — B) e armazenadas seguindo 0s mesmos procedimentos descritos no tépico 3.1.1
(GUERGOLETTO et al., 2016; MASSA et al., 2020).

Figura 9. FDBR (“freeze-dried red beet root”) E FDBSL (“freeze-dried red beet stem and
leaves™) apos digestdo simulada

Fonte: Autor, 2023.
Legenda: A, liofilizado da raiz de beterraba ap6s digestao e dialise; B, liofilizado do talo e folha de beterraba apds
digestéo e dialise.

3.3.2 Avaliacéo do potencial prebidtico sobre cepas de probioticos
3.3.2.1 Preparo dos in6culos

Para a realizacdo destes experimentos foram utilizadas trés cepas de microrganismos
apontados como probidticos, a saber: Lactobacillus acidophilus (LA-05), Lacticaseibacillus
casei (L-26) e Limosilactobacillus fermentum (L-296) e preparados indculos em forma de
suspensdo de acordo com o tépico 3.2.1.

As cepas Escherichia coli ATCC 8739 e E. coli ATCC 11775 foram utilizadas para
preparar um indculo entérico misto para uso nos ensaios de determinacdo do escore prebidtico.
As cepas foram cultivadas separadamente em caldo de infusdo de cérebro-coragdo (BHI)
(HiMedia, Mumbai, india) a 37 °C por 18 — 20 h, as culturas foram centrifugadas (4500 x g, 15
minutos, 4 ° C), lavadas e ressuspensas em solucao salina esterilizada (NaCl 8,5 g/L) para obter
uma suspensao de células com contagens de aproximadamente 6 log CFU/mL quando cultivada
em agar BHI (HiMedia). O in6culo da mistura entérica foi obtido pela mistura (1:1) das
suspensdes das duas cepas de E. coli (DUARTE et al., 2017). Estoques de todas as cepas
testadas foram mantidos em 4gar MRS ou BHI contendo glicerol (150 g/L; Sigma-Aldrich) a
-20°C.
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3.3.2.2 Meios de cultivo

O caldo MRS com fonte de carbono modificada foi utilizado como meio basal para
avaliar os potenciais efeitos prebioticos do FDBR e FDBSL liofilizados submetidos a digestdo
gastrointestinal in vitro (SANCHEZ-ZAPATA et al., 2013; SOUSA et al., 2015; DUARTE et
al., 2017). A composicao dos caldos MRS modificados utilizados nestes ensaios foram: triptona
10 g/L, extrato de carne 8 g/L, extrato de levedura 4 g/L, hidrogenofosfato dipotassico 2 g/L,
tween 80 1 g/L, acetato de sédio 5 g/L, citrato de amonio tribasico 2 g/L, sulfato de magnésio
0,2 g/L, sulfato de manganés 0,04 g/L e 20 g/L da respectiva fonte de carbono. Para monitorar
0 crescimento das cepas probidticas testadas, quatro diferentes caldos de cultivo foram
preparados com base na Unica fonte de carbono utilizada na sua composi¢do: 1: caldo contendo
glicose 20 g/L (ingrediente ndo prebiotico, padrao MRS; HUEBNER; WEHLING; HUTKINS,
2007); 2: caldo contendo fruto-oligossacarideos 20 g/L (FOS, ingrediente prebiotico; GIBSON
etal., 2017); 3 e 4: caldo contendo o FDBR e FDBSL liofilizado submetidos a digestéo in vitro
(respectivamente: 20 g/L; e 5: caldo sem adi¢é@o da fonte de carbono (controle negativo).

Todos os ingredientes utilizados para preparar os caldos de cultivo foram obtidos da
Sigma-Aldrich, com excecdo do FOS que foi obtido da Galena Ltd. (Campinas, S&o Paulo,
Brasil).

3.3.2.3 Enumeracdao de células viaveis das cepas probidticas

A anélise do crescimento das cepas probidticas testadas quando cultivadas nos
diferentes caldos ocorreu por meio da contagem de células viaveis. Inicialmente, o indculo da
respectiva cepa testada (200 pL) foi dispensado em frascos esterilizados contendo 10 mL do
caldo de cultivo especifico (contagem final de células viaveis de aproximadamente 6 log
UFC/mL). Em seguida, as misturas foram homogeneizadas utilizando Vortex durante 30
segundos e incubadas a 37 = 1 °C. Em diferentes tempos de incubacdo (zero — logo apos a
homogeneizacdo e apds, 12, 24, 48 e 72 horas), aliquotas de 100 uL de cada mistura foram
diluidas em série em solugdo salina esterilizada (1:9) e, posteriormente, aliquotas de 10 puL de
cada diluicdo foram plaqueadas em agar MRS usando a técnica de inoculagdo por microgota.
As placas foram incubadas a 37 + 1°C durante 24-48 horas em condi¢Ges de aerobiose
(AnaeroGen, Oxoid, Basingstoke, Inglaterra). Os resultados das contagens de células viaveis
foram expressos como log UFC/mL (DE ALBUQUERQUE et al., 2020).
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3.3.2.3 Determinacéo do indice de atividade prebidtica

Para a determinacdo do indice da atividade prebidtica dos liofilizados FDBR e FDBSL
digeridos, um inoculo de cada uma das cepas teste de probidticos foi distribuido (2 %, v/v) em
frascos esterilizados contendo 10 mL de caldo MRS com glicose (20 g/L), FDBR (20 g/L),
FDBSL (20 g/L) ou FOS (20 g/L). Paralelamente, suspensdes da mistura de patdgenos entéricos
foram inoculadas (2 %, v/v) em caldo M9 contendo glicose (20 g/L), FDBR (20 g/L), FDBSL
(20 g/L) ou FOS (20 g/L). Os caldos contendo os patdégenos entéricos foram incubados a 37 °C
sob aerobiose. Em dois diferentes intervalos de tempo (zero — logo ap6s homogeneizacao e 48
horas apds incubacéo), aliquotas de cada sistema foram diluidas seriadamente e inoculadas em
meios seletivos (agar MRS para Lactobacillus e agar eosina azul de metileno para E. coli,
HiMedia). As placas foram incubadas a 37 £ 1 °C durante 24-48 horas (DUARTE et al., 2017)
e os resultados de log UFC/mL obtidos, usados na Equacdo 1 para determinacdo do indice

prebidtico.

Equacdo 1: A determinacdo do indice prebidtico

PRO em PRE __ PRO em PRE ME em PRE __ MEem PRE
indice (48 h) (0h) (48 h) (0 h)
- = - Eaqg. 1
pI'EbIOtICO PRO em GLI — PRO em GLI ME em GLI __ ME em GLI q
(48 h) (0 h) (48 h) (0 h)

Legenda: Resultados em log de UFC/mL para PRO (probi6ticos), PRE (prebioticos), GLI (glicose), ME (mistura
entérica)

A obtencdo de valor de escore de atividade prebiodtica positivo indica efeitos
estimuladores seletivos do componente examinado sobre o crescimento da cepa probidtica em
detrimento da mistura entérica e, consequentemente, potencial atividade prebidtica (DE
ALBUQUERQUE et al., 2020; ZHANG et al., 2018).

3.3.2.4 Monitoramento de indicadores de atividade metabdlica

Os efeitos de FDBR e FDBSL no metabolismo probidtico foram avaliados com as
medidas de pH, acucares e acidos organicos nos meios de cultivo com FDBR, FDBSL, FOS e
glicose nos tempos 0, 24, 48 e 72 horas. O contetdo de diferentes compostos fenolicos também

foi mensurado, mas apenas nos tempos 0, 24 e 72 horas. O pH foi mensurado usando
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potencidmetro digital (Q400AS, Quimis, Sao Paulo, SP, Brazil). Nos periodos citados, uma
aliquota de 2 mL foi coletada, centrifugada (6402xg, 10 minutos, 4 °C) e o sobrenadante filtrado
em filtro de seringa com poro de 0,45-um (Whatman). Do filtrado resultante, uma aliquota de
0,5 mL foi retira e acrescida em igual volume de metanol:agua (70:30 v/v) para anélise
cromatogréfica de fendlicos conforme item 3.2.2.2. O volume restante do filtrado seguiu para
andlise de acucares e &cidos organicos como descrito no item 3.2.2.3.

3.4 ENSAIOS COM SISTEMAS DE FERMENTACAO COLONICA

3.4.1 Procedimentos éticos

Considerando as exigéncias do Conselho Nacional de Saude, este estudo foi submetido
a apreciacdo pelo Comité de Etica e Pesquisa em Seres Humanos do Centro de Ciéncias da
Salde da Universidade Federal da Paraiba — CEP/CCS, o qual aprovou sua execucao (parecer
n° 4.251.958) em 01 de setembro de 2020 (Anexo A). Este procedimento estd baseado na
Resolucdo 466/12 (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 & apreciacio de um Comité de Etica em Pesquisa”. Os individuos
participantes da pesquisa foram esclarecidos acerca da tematica da pesquisa e, em seguida,

fizeram assinatura do Termo de Consentimento Livre e Esclarecido (Apéndice A).

3.4.2 Coleta das amostras fecais

As amostras fecais frescas foram doadas por quatro voluntarios adultos saudaveis, sendo
dois homens e duas mulheres, com idades entre 18-40 anos. Como critérios de inclusdo, 0s
doadores deveriam seguir dieta onivora regular, sem precedentes de doenca gastrointestinal,
sem uso frequente de alimentos probidticos ou prebioticos, além de ndo ter feito uso de
antibioticos ou qualquer outro medicamento de uso controlado por, pelo menos, seis meses
antes da coleta (GUERGOLETTO et al., 2016; ANDRADE et al., 2020). Os doadores
receberam instrucdes especificas para a coleta/ armazenamento adequado das amostras. Um kit
para coleta foi disponibilizado para cada doador, contendo frascos coletores esterilizados, luvas
e espatula descartavel, além de alcool 70%.

As amostras foram coletadas em até 30 minutos ap6s a excrecdo, sendo transportadas

para 0 LMBA/UFPB em jarra de anaerobiose (Anaerojar, Oxoid, Basingstoke, Inglaterra)



50

contendo gerador de gas anaerdbico (AnaeroGen, Oxoid, Basingstoke, Inglaterra) e utilizadas
imediatamente (RODRIGUES et al., 2016).

3.4.3 Preparacéo do intculo fecal humano

As amostras fecais frescas coletadas de cada doador foram misturadas em igual
quantidade (1:1:1:1), para formar um Unico inéculo (120 g) e diluidas (1:10) em solucgéo
constituida de 0,5 g/L de cisteina-HCI e 8,5 g/L de NaCl (Sigma-Aldrich), e, posteriormente,
homogeneizadas por 2 minutos sob agitagdo (200 rpm). O in6culo fecal diluido e
homogeneizado foi filtrado com o uso de uma camada tripla de gazes esterilizadas para remogéo
de particulas grandes e armazenadas (37 + 1 °C) em frascos esterilizados sob condicGes
anaerdbicas (AnaeroGen, Oxoid, Basingstoke, Inglaterra) (ANDRADE et al., 2020;
MENEZES et al., 2021b). Os ingredientes usados para preparar 0 meio de pré-cultura foram
obtidos da Sigma-Aldrich.

3.4.4 Preparacdo do meio de fermentacao col6nica in vitro

Para o processo de fermentacdo, foi formulado 1 L de meio de crescimento, com a
seguinte composicdo: 4,5 g de NaCl, 4,5 g de KCI, 1,5 g de NaHCO3, 0,69 g de MgSOs4, 0,8 g
de L-cisteina, 0,5 g de KH2PQO4, 0,5 g de K2HPO4, 0,4 g de sal biliar, 0,08 g CaCl., 0,005 g de
FeSOs, 1 mL de Tween 80 e 4 mL de solugdo de resazurina (0,025 %, v/v) como indicador
anaerdbio, diluido em &agua destilada e esterilizado por autoclavagem (121 °C, 1 atm, 15
minutos) (BIANCHI et al., 2011). Culturas descontinuas de fermentacdo (40 mL) foram
formuladas com 40% de meio de crescimento (v/v), 40% da pré-cultura do inéculo fecal
humano (v/v) e 20% do FDBR ou FDBSL (p/v) digerido segundo o topico 3.3.1, seguido por
incubacéo sob anaerobiose (AnaeroGen, Oxoid, Basingstoke, Inglaterra) por 48 horas a 37
1 °C (MENEZES et al., 2020). Para compor o experimento também foi preparado um meio
fermentativo com FOS (20% p/v) e um meio sem adicéo de substrato fermentavel, para serem
testados como controles positivos e negativos, respectivamente (GUERGOLETTO et al., 2016;
MENEZES et al., 2021b). Os ingredientes utilizados para formular os meios de fermentagédo

foram obtidos da Sigma Aldrich.
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3.4.5 Quantificacado das populagdes bacterianas com hibridizagéo por fluorescéncia in situ
(FISH) e citometria de fluxo (CF)

A técnica de hibridizacdo por fluorescéncia in situ (FISH) com sondas
oligonucleotidicas selecionadas e projetadas para atingir regides especificas do gene 16S rRNA
de diferentes grupos microbianos combinada com citometria de fluxo multiparamétrica (CFM)
foi utilizada para avaliar a capacidade do FDBR e FDBSL digerido em modular a microbiota
intestinal humana em sistemas de fermentacdo col6nica in vitro (CONTERNO et al., 2019;
MENEZES et al., 2021). Foram utilizadas cinco diferentes sondas (Tabela 2). As sondas foram
sintetizadas comercialmente e marcadas com o corante fluorenscente Cy3 (Sigma Aldrich)
capaz de hibridizar a regido especifica do gene 16S rRNA de grupos bacterianos selecionados
(RODRIGUES et al., 2016; MENEZES et al., 2020). O marcador SYBR Green (Molecular
Probes, Invitrogen, Carlsbad, CA, EUA) foi usado para enumerar a populacgéo total de bactérias
por meio da marcacdo da fita dupla de DNA (CONTERNO et al., 2019).

Tabela 2. Sondas de oligonucleotideos de rRNA 16S e condi¢bes de hibridizacao utilizadas
nas analises com hibridizacdo fluorescente in situ acoplada a citometria de fluxo
multiparamétrica (FISH-CFM).

Sonda Especificidade Sequéncia Temperatura
(°C)

Bac 303 Bacteroides CCAATGTGGGGGACCTT 45°C

spp./Prevotella spp.

Bif 164 Bifidobacterium spp. CATCCGGCATTACCACCC 50°C
Chis 150  Clostridium histolyticum  TTATGCGGTATTAATCTYCCTTT 50°C
Erec 482 Clostridium GCTTCTTAAGTCARGTACCG 50°C

coccoides/Eubacterium
rectale
Lab 158 Lactobacillus spp. GGTATTAGCAYCTGTTTCCA 50°C

/Enterococcus spp;

No tempo zero (logo apds a homogeneizagdo) e apo6s 24 e 48 horas de fermentacéo,
aliquotas de 375 pL das culturas foram fixadas com 1125 pL de solucdo de paraformaldeido

filtrada (4 %, p/v) para estabilizar a estrutura celular, ficando em overnight a 4 °C. Apds esse
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periodo, as aliquotas foram centrifugadas (10000 x g, 5 minutos, 4 °C), lavadas duas vezes com
PBS 1 M, ressuspensas em 300 pL de PBS:etanol 99 % (1:1 v/v), filtradas com filtro de
membrana tamanho de poro 0,45 um (Whatman®) e armazenadas a -20 °C.

Para a realizacdo da hibridizacao in situ, 10 uL da suspensao contendo as células fixadas
foram ressuspensas em 190 pulL. de PBS 1X (Gibco, Gaithersburg, EUA; pH 7.2), centrifugadas
(4000 x g, 15 minutos, 4 °C), descartado o sobrenadante, ressuspensas em 200 pL de tampao
Tris-EDTA (100 mM Tris-HCl and 50 mM EDTA; pH 8) e centrifugadas (4000 x g, 15 minutos,
4 °C). As amostras foram tratadas com 200 pL de Tris-EDTA contendo lisozima (1 mg/mL) e
incubadas por 10 minutos no escuro a temperatura ambiente (25 + 0,5 °C) para permeabilizar
as células que receberam as sondas Lab 158 e Bif 164, seguindo por centrifugacdo (4000 x g,
15 minutos, 4 °C). As amostras foram ressuspensas em 45 pL de tampao de hibridizagao [0,9
M NacCl, 20 mM Tris-HCI (pH 7,5), 0,1 % (p/v) de dodecil sulfato de sodio (DSS)] adicionado
de 5 uL de sonda oligonucleotidica fluorescente (50 ng/uL) e mantidas sob temperatura de
hibridizac&o apropriada para cada sonda (45 ou 50 °C) no escuro por 4 horas.

Apdbs essa etapa, as amostras foram centrifugadas (4000 x g, 15 minutos, 25 °C),
ressuspensas em 200 pL de tampdo de hibridizacdo 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 x g, 15 minutos, 25 °C), ressuspensas em
200 pL de PBS 1X e 20 pL 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 x g, 15 minutos, 25 °C) e ressuspensas com 200
uL 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
o0 potencial de autofluorescéncia das amostras, excluindo os falsos positivos. Na analise de CFM,
os sinais fluorescentes das células individuais passam através de uma zona de laser, sendo
coletados como sinais logaritmos. Os sinais fluorescentes (medidas 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 emissdo de fluorescéncia foram registrados com o software BD

Accuri C6 (Becton Dickinson and Company). Os resultados foram expressos como abundancia
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(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 (DE ALBUQUERQUE et al., 2021).

3.4.6 Determinacdo do indice prebidtico

Para obter uma medida comparativa quantitativa geral do equilibrio entre diferentes
populacdes bacterianas nas amostras de fermentacdo col6nica, bem como para comparar a
influéncia do FDBR e FDBSL na modulagdo microbiana seletiva durante a fermentacéo
coldnica, um indice prebiotico foi calculado com dados obtidos na analise de FISH-CFM. A
equacao usada foi descrita por Albuquerque et al. (2021). Apos o calculo da abundancia relativa
(porcentagem relativa), foi feita uma correlacdo com o numero total (abundancia, %) de

bactérias enumeradas, sendo utilizada na equagao 2:

Equacao 2. indice prebidtico de modulagdo microbiana

indice prebidtico = % Lab + % Bif — % Bac — % Chis — % Erec (Eq. 2)

Onde: % Lab = abundéancia encontrada para Lab apos 24 ou 48 horas - abundancia
encontrada para Lab no tempo zero; % Bif = abundancia encontrada para Bif ap0s 24 ou 48
horas - abundéncia encontrada para Bif no tempo zero; % Bac = abundancia encontrada para
Bac ap0s 24 ou 48 horas - abundancia encontrada para Bac no tempo zero; % Chis = abundancia
encontrada para Chis apds 24 ou 48 horas - abundancia encontrada para Chis no tempo zero;
e % Erec = abundancia encontrada para Erec apds 24 ou 48 horas - abundéncia encontrada para
Erec no tempo zero.

A equacao assume que um aumento na populacdo de Lactobacillus spp./Enterococcus
spp. (hibridizado pela sonda Lab 158) e/ou Bifidobacterium spp. (hibridizado pela sonda Bif
164) é indicador de efeito positivo sobre a modulacdo da microbiota intestinal, enquanto o
aumento na populacdo de Bacteroides spp./Prevotella spp. (hibridizado pela sonda Bac 303),
C. histolyticum (hibridizado pela sonda Chis 150) e E. rectale/C. coccoides (hibridizado pela
sonda Erec 482) ¢ indicador de efeito negativo. Mudancas na abundancia destes grupos sao
mostra diferencas negativas entre o tempo de fermentacao e o tempo zero, o sinal (positivo ou

negativo) imediatamente anterior a essa sonda é alterado na equacéo. Isso permite normalizar
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0 uso da equacdo para um numero variado de sondas. A obtengdo de um valor de indice
prebidtico positivo indica um equilibrio benéfico dos grupos bacterianos identificados na
fermentacdo coldnica induzida pelo substrato examinado e, consequentemente, potencial
atividade prebiotica. Por sua vez, a obtencdo de um valor de indice prebiotico negativo indica
uma modulacédo indesejavel da microbiota pelo substrato examinado (DE ALBUQUERQUE et
al., 2021).

3.4.7 Monitoramento de indicadores de atividade metabodlica durante a fermentacéo

colbnica

Aliquotas de 1 mL foram coletadas no tempo zero e ap6s 24 e 48 horas de fermentacao
para determinacdo do pH e dos contetdos de acucares, AGCC (acético, butirico e propidnico)
e compostos fenodlicos, seguindo os mesmos procedimentos descritos no tépico 3.3.2.4. Os

valores de pH foram medidos com um potenciémetro digital (método 981.12, AOAC, 2016).

3.4.8 Avaliacdo da capacidade antioxidante dos liofilizados durante a fermentacéo

colbnica

A capacidade antioxidante das diferentes formulacbes nos sistemas de fermentacdo
col6nica foi avaliada no tempo zero (logo apds a homogeneizagdo dos componentes do meio
de fermentac&o) e ap6s 24 e 48 horas de fermentacdo. Foram utilizados métodos ja descritos no
topico 3.2.5.

3.5 ANALISES ESTATISTICAS

Todos os ensaios foram conduzidos em triplicata e em trés experimentos distintos, sendo
0s resultados expressos como média + desvio padrdo. Para avaliar os dados quanto a
normalidade, a homogeneidade e/ou a homoscedasticidade foram utilizados os testes de
Kolmogorov-Smirnov e o teste de Levene (p<0,05). Os dados parametros fisico-quimicos de
FDBR e FDBSL foram submetidos ao teste t Student (p <0,05), enquanto as contagens de
células viaveis de Lactobacillus nestes substratos e seus respectivos scores de atividade
prebidtica foram submetidos a andlise de variancia (ANOVA) seguida do teste post hoc de
Tukey, utilizando p <0,05 para significancia estatistica. O software GraphPad Prism 7.0
(GraphPad Software, La Jolla, CA, EUA) foi usado para executar a analise estatistica. Teste de
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correlacdo de Pearson foi aplicado para avaliar a correlacdo entre varidveis analisadas durante
72 horas de cultivo dos probidticos nos meios FDBR e FDBSL (contagens de células viaveis,
pH, consumo de acucares e perfil de fendlicos), durante a exposicao a digestdo gastrointestinal
simulada (capacidade antioxidante e perfil de compostos fendlico, contagem de células
probidticas viaveis e tamanho de subpopulagdes de células vivas e injuriadas) e durante a
fermentacdo colOnica (abundancia relativa dos grupos bacterianos monitorados, valores de pH
e acidos graxos de cadeia curta). Analise de componentes principais (PCA) foi executada com
dados sobre a abundéancia relativa de grupos bacterianos medidos, valores de pH, AGCC e
indice prebidtico durante a fermentacdo coldnica. Foi usando o software R, versdo 2.15.3, (Ross
Ihaka e Robert Gentleman, University of Auckland, Nova Zelandia) para executar a analise

estatistica.
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4 RESULTADOS

Os resultados da tese sdo apresentados na forma de dois artigos originais, dispostos nos
apéndices C e D. O artigo apresentado no apéndice C é intitulado “Different parts from the
whole red beet (Beta vulgaris L.) valorization with stimulatory effects on probiotic lactobacilli
and protection against gastrointestinal conditions”, publicado no periédico Food Bioscience
(https://doi.org/10.1016/j.fbi0.2023.102439), o qual avaliou os efeitos in vitro de liofilizados
de diferentes partes [raiz (FDBR) e mistura de talos e folhas (FDBSL)] de beterraba vermelha
sobre o crescimento e atividade metabdlica de cepas probiéticas de Lactobacillus, bem como
sobre a sua sobrevivéncia e estado fisioldgico quando expostas a condi¢Bes gastrointestinais
simuladas (SGIC). Também foi monitorado e discutido alteraces na capacidade antioxidante
dos liofilizados durante a digestao gastrointestinal.

Os resultados demonstraram que FDBR e FDBSL apresentam altos teores de fibras
soltveis (5,25 e 11,10 g/100 g) e insoluveis (21,43 e 37,03 g/100 g), pectinas (8,45 e 9,51 g/100
), betalainas (3,36 — 28,99 g/100 g) e uma variedade de compostos fendlicos. FDBR e FDBSL
estimularam o crescimento das cepas probidticas com altas contagens de células viaveis (>9 log
UFC/mL), consumo de acgucares e producdo de &cido latico e AGCC (acido acético, butirico e
propidnico) durante 72 horas de cultivo. Na analise do escore prebidtico, FDBR e FDBSL
tiveram escores de atividade prebidtica positivos para os trés probioticos testados (=0,17),
indicando efeitos de estimulacéo seletiva sobre esses microrganismos, com provavel associacao
ao teor de fibras alimentares e compostos fenolicos dos substratos testados. FDBR e FDBSL
aumentaram a sobrevivéncia e manutencdo de funcgdes fisiol6gicas ativas nos probidticos
testados durante a exposicdo ao SGIC. O conteudo de compostos fendlicos e a capacidade
antioxidante de FDBR e FDBSL aumentou apds a exposicdo as condi¢bes do estdbmago,
enguanto a capacidade antioxidante diminuiu ap6s exposi¢do a condi¢des intestinais. Assim, 0s
efeitos estimuladores e protetores de FDBR e FDBSL em cepas probiodticas os tornam
candidatos a serem explorados na formulacdo de alimentos funcionais ou suplementos
dietéticos com efeitos positivos sobre a microbiota intestinal associados a potenciais efeitos
prebidticos.

O artigo apresentado no apéndice D, “Investigating the effects of conventional and
unconventional edible parts of red beet (Beta vulgaris L.) on target bacterial groups and
metabolic activity of human colonic microbiota to produce novel and sustainable prebiotic

ingredientes”, publicado no periddico Food Research International
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(https://doi.org/10.1016/j.foodres.2023.112998), investigou os efeitos de FDBR e FDBSL
sobre a abundancia e atividade metabdlica de grupos bacterianos considerados como 0s
principais fermentadores e representativos da microbiota intestinal humana. Também foram
avaliados valores de pH, aclcar, AGCC, compostos fendlicos e capacidade antioxidante
durante 48 horas de fermentagéo coldnica.

Os resultados mostraram que FDBR e FDBSL, de forma geral, aumentaram a
abundancia relativa de Lactobacillus spp./Enterococcus spp. (3,64 - 7,60 %) e Bifidobacterium
spp. (2,76 - 5,78 %) e diminuiram a abundéncia relativa de Bacteroides spp./Prevotella spp.
(9,56 - 4,18 %), C. histolyticum (1,62 - 1,15%) e E. rectale/C. coccoides (2,33 - 1,49 %) durante
48 horas de fermentacdo colénica. FDBR e FDBSL apresentaram indices prebidticos positivos
(> 3,61) durante a fermentacdo col6nica, indicando efeitos estimulatorios seletivos sobre grupos
bacterianos intestinais benéficos. FDBR e FDBSL também aumentaram a atividade metabdlica
da microbiota colénica humana, evidenciada pela diminuicdo do pH, consumo de agucar,
producdo de AGCC, alteragbes no conteudo de compostos fendlicos e manutencdo da
capacidade antioxidante durante a fermentacédo colénica.

O desenvolvimento dessa tese forneceu informacdes relevantes sobre os aspectos
nutricionais e funcionais de diferentes partes da beterraba vermelha. Componentes com
alegacdo de saude, como fibras sollveis e insollveis, betalainas e compostos fenolicos, foram
encontrados em concentragdes relevantes tanto na raiz como nos talos e folhas da beterraba
vermelha. Esses mesmos compostos bioativos podem ser responsaveis pela eficacia desses
materiais em proteger as cepas probidticas das condi¢cdes adversas durante a passagem no trato
gastrointestinal, ajudando a manter sua viabilidade e funcionalidade ao atingir o intestino para
exercer seus efeitos benéficos sobre o hospedeiro. Foi observada a estimulacdo do crescimento
seletivo das cepas probioticas e alteracbes na composicao e atividade metabdlica da microbiota
intestinal humana, evidenciados pelo aumento do numero de células viaveis das cepas
probidticas, alteracdes no pH, producdo de metabolitos e alteracdes no conteudo de agucares e
compostos fenolicos ao longo do tempo.

indices prebidtico positivos para fermentagbes com bactérias probidticas e
microrganismos de origem coldnica indicam a capacidade dos liofilizados de beterraba de
serem usados como novos ingredientes prebidticos em potencial, encorajando o consumo da
raiz, caules e folhas de beterraba vermelha como alimentos funcionais e como fontes de
ingredientes prebioticos sustentaveis e de valor agregado, sendo uma estratégia para a

valorizagéo da cultura da beterraba vermelha.
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Entretanto, algumas limitacbes podem ser compreendidas no desenvolvimento do
trabalho devido a dificuldade dos ensaios de natureza in vitro em mimetizar os complexos
eventos fisico-quimicos e fisioldgicos que ocorrem no corpo humano, mais especificamente no
trato digestdrio. Pesquisas futuras sobre o potencial prebiotico da beterraba vermelha poderiam
usar recursos metodoldgicos j& estudados para extrair compostos da raiz, talos e folhas da
beterraba vermelha, a exemplo de poli e oligossacarideos, compostos fenolicos e pigmentos,
para avaliar os efeitos dessas substancias de forma isolada sobre probioticos reconhecidos e na
modulacdo da microbiota instestinal humana, aliando testes in vitro de alto desempenho com
avaliac@es in vivo com o intuito de elucidar melhor os seus impactos sobre a saude humana e

mecanismos subjacentes.
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APENDICE A — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

UNIVERSIDADE FEDERAL DA PARAIBA CENTRO DE CIENCIAS DA SAUDE PROGRAMA DE POS-
GRADUAGAO EM CIENCIAS DA NUTRICAO TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Prezado (a) Senhor (a)

Esta pesquisa é sobre avaliagdo do efeito prebidtico de farinhas obtidas de diferentes
partes de beterraba utilizando sistema de fermentac&o in vitro com indculo fecal humano e esta
sendo desenvolvida pela pesquisadora Sonia Paula Alexandrino de Oliveira, aluna do Programa
de PosGraduacao em Ciéncias da Nutricdo, da Universidade Federal da Paraiba (UFPB), sob a
orientacdo do Prof. Dr. Evandro Leite de Souza, professor do Programa de Pds-Graduagdo em
Ciéncias da Nutricdo do Departamento de Nutrigdo (UFPB).

Os objetivos do estudo sdo obter farinhas da raiz, talos e folhas de beterraba vermelha e
avaliar o potencial prebiotico das mesmas utilizando sistemas de fermentacao in vitro, com o
inéculo fecal humano. A realizacdo desta pesquisa trard informacGes cientificas atualmente
escassas acerca da relacdo do potencial prebidtico da beterraba horticola. A pesquisa apresenta
abordagem inovadora considerando os aspectos tecnolégicos, econdémicos e de sustentabilidade,
por utilizar além da parte comercial da beterraba, a raiz, co-produtos da cultura da beterraba
(talos e folhas), que possui também elevada concentracdo de polifendis e carboidratos ndo
digeriveis, definindo beneficios do uso na alimentacdo e possiveis interaces benéficas com
probidticos.

A execucdo deste projeto de tese apresenta o potencial de gerar informacbes que
subsidiem a elaboracdo de ingredientes funcionais, aspecto de corrente interesse a indudstria
alimenticia e a comunidade que busca por consumo de uma alimentagdo mais saudavel. Em
virtude que este TCLE se encontra em mais de uma pagina, as demais serdo rubricadas pelo
pesquisador e sujeito da pesquisa.

Solicitamos a sua colaboragdo para realizar a doagdo de material fecal, o qual serd
colhido no referido dia e armazenado em frasco de coleta cedido pelos envolvidos na pesquisa,
como também sua autorizacdo para apresentar os resultados deste estudo em eventos da area de
salde e, eventualmente, publicacdo em revista cientifica. Por ocasido da publicacdo dos
resultados, seu nome sera mantido em sigilo. Informamos que essa pesquisa ndo oferece riscos,

previsiveis, para a sua saude e que os resultados obtidos servirdo de base para definir os efeitos
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prebioticos de farinhas obtidas de raiz, talos e folhas de beterraba. Esclarecemos que sua
participacdo no estudo € voluntéria e, portanto, o(a) senhor(a) ndo é obrigado(a) a fornecer as
informacdes e/ou colaborar com as atividades solicitadas pela pesquisadora.

Caso decida ndo participar do estudo, ou resolver a qualquer momento desistir do
mesmo, ndo sofrerd nenhum dano moral ou financeiro. Os pesquisadores estardo a sua
disposicdo para qualquer esclarecimento que considere necessario em qualquer etapa da
pesquisa. Diante do exposto, declaro que fui devidamente esclarecido(a) e dou o meu
consentimento para participar da pesquisa e para publicacdo dos resultados. Estou ciente que

receberei uma copia desse documento.

Assinatura do Participante da Pesquisa

Assinatura da Testemunha

Contato do Pesquisador (a) Responsavel:

Caso necessite de maiores informagdes sobre o presente estudo, favor ligar para a
pesquisadora: Sonia Paula Alexandrino de Oiveira.

Endereco (Setor de Pesquisa): Laboratorio de Microbiologia de Alimentos, Departamento de
Nutricdo do Centro de Ciéncias da Saude da Universidade Federal da Paraiba (UFPB),
Campus | - Cidade Universitaria — CEP 58051-900 — Jodo Pessoa — PB Telefone: (83) 3216-
7807/ (83) 98841-1246

Comité de Etica em Pesquisa do Centro de Ciéncias da Saude da Universidade Federal da
Paraiba Campus | - Cidade Universitaria - 1° Andar — CEP 58051-900 — Jodo Pessoa/PB
[1(83) 3216-7791 — E-mail: comitedeetica@ccs.ufpb.br

Atenciosamente,

Assinatura do Pesquisador Responsavel

Assinatura do Pesquisador Participante
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A review on bioactive compounds of beet (Beta vulgaris L. subsp. vulgaris)
with special emphasis on their beneficial effects on gut microbiota

and gastrointestinal health

Sonia Paula Alexandrino de Oliveira, Heloisa Maria Almeida do Mascimento, Karoliny Brito Sampaio, and

Evandro Leite de Souza (@

Laboratary of Food Microbiology, Department of Mutrition, Health Sciences Center, Federal University of Paraiba, Joao Pessoz, Brazil

ABSTRACT

This review discusses the available literature concemning the bioactive compounds of beet (Bata
wulgaris L} and their ability to modulate the gut microbiota and parameters indicative of gastro-
intestinal health. Data of published literature characterize beet as a source of a variety of bioactive
compounds {a.g. diet fiber, pectic-oligosaccharides, betalains and phemolics} with proven beneficial
effects on human health. Beet extracts and pectin and pectic-oligosaccharides from best have
shown able to modulate positively gut microbiota cormposition and activity, with noticeable bifido-
genic effects, in addition to stimulate the growth and metabolism of probiotics. Beet betalains
and phenolics seem to increase the production of metabolites (e.g. short chain fatty acids) by gut
microbiota and probiotics, which are linked with different beneficial effects on host health. The
outstanding contents of betalains and phenolics with anticxddant, anti-inflammatory and anti-car-
cinzgenic properties have been linked to the positive effects of beet on gastrointestingl health.
Beat should be a healthy choice for use in domestic meal preparations and a source of ingradients

KEYWORDS

Bera wulgaric Ly bios:ctive
campounds; gut

he=alth; modulation

to formulate added-valee functionalized food products.

Introduction

Beet {Beta vulgaris L. subsp. vulgaris), Chenopodiaceae fam-
ily, is a plant originated from southern and eastern Europe
and northern Africa. The world beet root production in
2017 reached 301 million tons with a harvested area of 4.89
million hectares. Europe ranks the first in beet root produc-
tion {2079 tons), representing 69% of world beet produc-
tion, followed by Asia (427 tons), America (34.3 tons) and
Africa (15.9 tons) (FAOSTAT, 2019).

Beret subspecies are formed by four main biotypes cata-
loged considering their specific morphological characteristics
and end-use, to cite: leaf {leaf beet group), sugar (sugar beet
group), forage (fodder beet group) and vegetable beet (gar-
den beet group). In leaf beet, popularly known as Mangold,
spinach beet and Swiss chard, the leaves and petioles are the
most valued parts because of the typical small dimeter of
the roots. In sugar beet, the roots have high swcrose con-
tents, being vsually used for sugar extraction and ethanol
production, while the leaves are destined commonly for ani-
mal feed. Foots, stems and leaves of horticultural beet,
popularly known as red bect or table beet, are used for
human consumption and roots are the most commercially
valued part of the plant because of the outstanding nutri-
tional composition (Lange, Brandenburg, and Bock 199%
Batista et al. 2016).

Beet anatomical division consists of roots (hypocotyl),
sprout (composed by semi-rigid red to purple stems, also
named petiole) and leaves (leafy limb), which are tender and
have varied color and shape depending on beet cuoltivar
{Kumar 2015; Ninfali and Angeline 2013}, The mast valued
and considered wsually edible part of bect is the root, which
has received increasing interest for use in food formulation
becanse of the attractive color and presence of different
nutrients and bioactive compounds, being recognized as a
super food because of their unusually high contents of anti-
oxidants, vitamins and other constitwents able to exert
health promoting properties (Chawla et al. 2016, Kumar
2015; Maheshwari, Parmar, and Joseph 20013). There has
been a waricty of beet-based preparations available for
human consumption, to cite: in raw or cooked form as
ingredient to salads, cooked as stews, minimally processed,
crunch slices and pickles. Beet have been also used to for-
mulate functionalized products, such as juices, gels, fer-
mented beverages, dried powders (tablets and capsules) and
crunchy beet root slices. Hecently, bheet produocts  have
attracted increased attention because of their proven blood
pressure-lowering propertics and ability to induce improve-
ments in  endothelial function (Chhikara et al. 201%
Wiczkowski et al. 2018).

Extracts and beet powders have been also considered
potential alternatives to replace synthetic colorants in food
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industry. Betalains are well-known natural pigments with
red-violet and yellow-orange tonalities and stability over a
wide pH range, besides to be considered safe for human
consumption. However, the practical application of betalains
as food pigments has been limited due to their sensitivity to
degradation when exposed to light and high temperatures
during food processing and storage (Esatheyoglu et al. 2015;
Halwani, Sindi, and Jambi 2018 Polturak and
Aharoni 2018).

In recent years, there has been a growing interest on the
biological activities of beet, notably of red beet, including
their positive effects on gastrointestinal health (Babbar et al.
2017; Baiao et al. 2017; Clifford et al. 2015; Chhikara et al.
201%; Minfali et al. 2017). Additionally, beet consumption
has been considered an adjuvant therapentic option in a
range of pathologies associated with oxidative stress and
inflammation. These possible properties and applications
have been primarily associated with the presence of betalains
in beet, which have displayed antioxidant, anti-inflammatory
and chemo-preventive activities in in vitro and in vivo
experiments (Clifford et al. 2015; Lechner and Stoner 2019
Rahimi et al. 2019).

Some investigations have shown that carbohydrates pre-
sent in beet, primarily pectin, could influence the gastric
emptying, nutrients absorption in small intestine and fer-
mentation in large intestine (Prandi et al. 2018; Tian et al
2016). Metabolization of oligo and polysaccharides from
beet by bacteria forming the gut microbiota has indicated
the ability of these components to moduolate positively gut
microbial communities and stimulate the production of spe-
cific metabaolites, which are indicative of potential prebiotic
properties (Gomez et al. 2006; Holck et al. 2011; Leijdekkers
et al. 2004 Vigsnaes et al. 2011). Prebintic effects of olign
and polysaccharides and phenolics have received increasing
attention because of the evidence that gut microbial com-
muniticse play an important role in human health, with
impacts on host metabolism, physiclogy, nutrition  and
immune functions (Danneskiold-Samsee et al.  201%
Guinane and Cotter 2013}, Compositional and functional
disruption of gut microbiota has been linked to different
pathological intestinal conditions (e.g obesity and malnutri-
tion), systematic discases (eg diabetes and hypertension)
and chronic inflammatory discases (e.g. inflammatory bowel
discases) (Cavalcanti Meto et al 2018; Cui et al 201%
Shamoon, Martin, and (' Brien 2019).

This review discusses the available literature concerning
the bioactive compounds in beet and their ability to modu-
late the composition and function of gut microbiota and dif-
ferent parameters indicative of gastrointestinal health.

Nutrients and bioactive compounds in beet

Results of investigations with focus on beet composition
have shown the presence of a varicty of nutrients, including
high amounts of dietary fiber, minerals {eg potassium,
sodium, iron, copper, magnesium, calcium, phosphorus and
rinc), vitamins (c.g vitamin A, thiamin, riboflavin, niacin,
ascorbic acid and B complex vitamins), essential amino

acids, phytosterols, phenolics and betalains (Kumar 2015;
Kushwaha et al 2018 Nemzer et al 2011; YWang,
Beltranena, and Zijlstra 2016). Data of nutritional compos-
ition of different fresh beet samples have been variable
according to beet cultivar, edaphoclimatic characteristics and
harvest and postharvest conditions. Red beet grown under
organic agricultural practices have shown typically improved
nutritional characteristics, higher contents of total polyphe-
nols and betalains, as well as higher antioxidant capacity
when compared to conventionally grown red beet (Carrillo
et al. 2017; Chhikara et al. 2019).

A study assessing the nutritional and betalainic profile of
red beet dried extracts found that contents of nutrients and
betalzins depended on the type of drying technique (e.g. air-
dried, freeze-dried and spray-dried). Contents of nutricnts
in beet dried extracts were in the range of 2.17-6.14% for
ashes, <0U07-1.52% for lipids, 3.81-12.4% for proteins,
< 1-557% for vitamin C and 75.4-89% for carbohydrates,
including  fibers  (>1-21.8%) and sugars (30.8-62.5%).
Contents of fructose, glucose and sucrose in dried red beet
extracts were in the range of 0.8-1.9, 1.1-2 and 30.8-62.5%,
respectively. Potassium, calcium and magnesium were the
minerals found in highest contents in beet extracts and glu-
tamic acid was the most prevalent amino acid {Memzer
et al. 2011).

High contents of bivactive compounds have been purified
from beet samples, including carotenoids (mainly f§-carotene
and lutein), saponins (e.g. oleanolic acid and several betaval-
garosides), flavonoids (rutin, kaempferol, thamnetin, rham-
nocitrin and astragalin), phenolic acids (eg. ferulic acid,
caffeic acid, p-coumaric acid, syringic acid and vanillic acid)
and nitrate {&44-1800mgkg) (Lechner and Stoner 2019
Lidder and Webb 2013).

Betalzins have been the most studied bioactive com-
pounds in beet. Betalains are water soluble indole-derived
pigments found in plants belonging to Caryophyllales family.
Predominant forms of betalains are betacyanin (red-violet)
and betaxanthin (yellow-orange) (Ninfali and  Angelino
2013). Red beet root is the primary source of betalains in
western dicts (Esatheyoglu ot al. 2015). Matural betalain can
serve not only as safe additives to add natural color or anti-
oxidant properties to food, pharmaceutical and cosmetic for-
mulations, but also with the end of promoting beneficial
cffects on health, preventing the occurrence of chronic-
degenerative discases, such as hypertension, dyslipidemia,
cancer and cardiovascular discases (Bahimi et al. 2019). Beet
is an allowed source of betalains approved for use as food
additives in USA (Title 1 of Code of Federal Regulations, 21
DFR 73, 40) and European Union (E-162) (Martins
et al. 2017).

Total betalain contents in a range of 0.8 and 1.3 g/ were
found in fresh juice prepared with seven different beet vari-
cties, being approximately 60 and 40% of betacyanins and
betaxanthins, respectively. Hydroxycinnamic acids were also
detected in beet fresh juices (Wruss et al. 2015). Phenalic
compounds identified in extracts from B valgaris ov. Detroit
Dark Hed were 4-hydroxybenzoic acid (0.012 mg/gl, chloro-
genic acid (0.018 mg/gh, catfeic acid (0.037 mg'g), catechin
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(0.047 mg/g)  and
ct al. 2010).
Consumption of beet juice and beet booster shots has
been an attracting niche market, being recognized as adju-
vants for health and physical performance {Dnmfngu.cz et al.
2018). Hed beet juices were previously evaluated, including
sixteen commercial beet root juices and five commercial
beet powders. Contents of different compounds (e.g. miner-
als, betalains, oxalic acid, phenolic acids, nitrates and sugars)
in juices prepared with seven red beet varicties, sixteen com-
mercial beet root juices and five commercial beet powders

epicatechin

(0032 mg/g)

[Georgiev

were measured. Highest variations were found in contents
of nitrates [565—4626 mg/L) in commercial beet juice sam-
ples, which were mostly associated with typical variation in
levels of this ion in beet samples. High nitrate contents have
been the main reason for use of beet juice as a high-sport
performance booster (Wruss et al. 2005).

Beet leaves have been considered good sources of some
nutrients. Diehydrated red beet leaves have shown presence of
impartant polyunsaturated fatty acids, such as w-6 and -3
(EPUFAs 483mg/gl and minerals, such as  calcium
(186485 mg'kg), iron (256.30mgike), magnesium (1.79 mg/
k). potassium (20,784.%0 mg'eg) and sodium (256.30 mgikg)
{Biondo et al. 2014). Beet fiber has been described as a mater-
ial derived from all plants belonging to the species B vilgaris
and comprises typically cellulose {22-24%), hemicelluloses
(30%) and pectin (25%), with a ratio of insoluble to soluble
fiber of approximately 2:1. Sugar beet fiber has a fiber content
varying from 70 to 80 g/100g and a limited content of protein
{5%), ash {3%) and moisture (7%) (Harland 2018
Sivapragasam ¢t al. 2014). Sugar beet pulp has higher contents
of pectin than ather lignocellulosic hiomass, in addition to
have an average 3-4% of swcrose, being considered a good
sugar source (Panagiotopoulos et al. 2000).

Although not uwsed commonly for human consumption,
sugar beet pulp is an important by-product from beet sugar
industry. Due to the high pectin content, sugar beet pulp
has become an important source of pectins with good emul-
sifving properties (Ai et al. 20019). Beet pectin is mainly
composed of homogalacturonan, rhamnogalacturonan-I and
rhamnogalacturonan-11 regions and nanostructures, such as
galacturonic acid, rhamnose, arabinose, galactose, glucose,
xylose, neatral sugars and ferulic acid (Larsen et al. 201%
Liu et al. 2019). Sugar beet pectin has usvally a high content
of rhamnogalacturonan-1 (RG-1} region. RG-I-rich pectins
with a high number of side chains have been indicated as
potential sources of a new class of prebiotics named pectin-
derived oligosaccharides (Babbar et al. 2017; Gullon et al,
2001 3; Mao et al. 2019).

Rescarchers have investigated methods for extraction and
characterization of oligosaccharides from bect pectin, involv-
ing chemical (Mao et al. 2009 Martinez et al. 2009}, enzym-
atic (Babbar et al 2017, Concha and Zuniga 2012
Leijdekkers et al. 20013) and combined methods {Chen,
Meng, et al 2015 Guo et al 2017). Oligosaccharides
ohtained with heet pectin hydrolysis have heen indicated for
use as prebiotics, which should add valee to an important
sugar beet agro-industrial by-product (Babbar et al. 2017).
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Biotransformation of beet betalains

Biotransformation of bicactive compounds naturally found
in foods is influenced by their physicochemical properties,
food matrix constitution and food processing conditions
{Oliveira and Bastos 2011). Studies on the kinetics and
abzorption of bicactive compounds with measurements of
plasma levels andfor urinary excretion have shown thar
metabolites found in blood resulting from digestive and hep-
atic activity differ generally from native dietary compounds,
indicating that the most abundant compounds in a food are
not necessarily those leading to the highest concentrations
of active metabolites in target tissues (Manach et al. 2005).
Effects of these active metabolites on living tissues could be
also affected by their specific chemical structure, metabolism
and composition and function of host gut microbiota
{Chhikara et al. 2019; Sawicki et al. 2018).

Betalains are hydrophilic pigments formed by betalamic
acid and subdivided into two groups based on their chem-
ical composition and structure, to cite: betacyanins (red-vio-
let), derived from condensation of betalamic acid with
cyclo-34-dihydrocyphenylalanine (cyclo-DOPA)Y, and betax-
anthins {yellow-orange), derived from condensation of beta-
lamic acid immonium with amines and distinct amino acids.
Betacyanins are classified into four groups: betanin-type,
amaranth-type, gomfrenine-type and type-2-decarboxybeta-
nine {Esatheyoglu et al. 2005).

Tyrosine is the precursor of betalains and its biosynthesis
ocours in plant cytoplasm, involving three main eneymes: tyro-
sinase, 4.5-DOPA-extradiol dioxygenase and betanidin-glucosyl-
transferase (Esatbevoglu et al. 2015). Betalains biosynthesis
beging with the hydroxylation of tyrosine with molecular oxy-
gen through the action of tyrosinase (Gandia-Herrero and
Ciarcia-Carmona 2012). Formed betalamic acid is the inter-
mediate point in synthesis of all betalaing, being responsible for
bicactive properties of plant pigments (Esatbeyoglu et al. 2015).

Orally administered betanin, the major pigment in red beet,
is poorly absorbed in small intestine, being mostly metabolized
in large intestine (Ehan 2016). Results of a dinical trial with
healthy individuals showed that, after supplementation with a
single dose of a commercial red beet juice, the amount of intact
betalains (betanin and  isobetanin  recovered in urine was
1001 + 273 mg, which corresponded to 028+ 008% of total
orally  administered  dose.  Maximum  excretion  rate
(9.7 + 301 mg'h) of betalains was found after 3h of oral
administration. Terminal elimination rate constant (kz), half-
life and expected total betalain amount excreted in urine were
0097 £0021h, 743+ 147h and 1228+ 291 mg, ]'l:s]:ll:ctl'l."d}".
Urinary excretion of non-metabolized betalains seemed to be
fast and mono-cxponential, indicating a one-compartment
model, as well as that hicavailability of betalains was low
because the minor portion of systemic elimination occurs via
renal clearance. These results indicated that measurements of
non-metabolized compounds and their metabolites in plasma,
urine and bile should be investigated to a better comprehension
of betalain binavailability (Frank et al. 2005).

Effects of supplementation with fermented beet juice for
six weeks were studied in 24 healthy volunteers. The experi-
ment was done in two periods: during the first period
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(1 week), volunteers were deprived of products with betalain
pigments; and during the second period (7 weeks), volun-
teers had their diet enriched with industrialized fermented
beet juice (dose of 200 mLi60kg of body weight). Twelve
betalain derivatives were found in blood plasma and urine
of healthy volunteers after beet juice consumption. Highest
betalain levels in blood plasma (87.65 +15.71 nmol/L] and
uring (1.14+0.12pmol) were found after the first and
second week of beet root juice consumption, respectively.
Long-term and regular consumption of beet juice caused
stabilization of betalain profile in physiological fluids, which
included native betalains and their decarboxylated and dehy-
drogenated metabolites (Sawicki ot al. 2018).

In addition, phenolic compounds found in red beet, such
as epicatechin, catechin hydrate, 4-hydroxybenzoic acid and
caffeic acid, could exert synergistic effects with betalains to
increase mutually their antioxidant effects. Hairy root cul-
tures of red beet (B vulgaris ov. Detroit Dark Red) were col-
lected and used for betalain extraction in order to compare
the antioxidant activities of hetalain extracts from  hairy
roots and intact red beet. Hairy root extract had higher anti-
oxidant activity than intact beet extract, which was mostly
associated with the 20-fold higher total phenolic content
found in hairy root extract (944+22mg FAE(g DE) when
compared to intact beet extract (47 09 mg FAE/g DE).
Although to a lesser cxtent, betalain content in hairy oot
extract (47.101+ 1.27 mg/g) were also increased when com-
pared to intact beet extract (39.76 =098 mg/g), which could
have also contributed to the higher antioxidant activity
found in hairy root extract. These results suggested that
phenolic compounds could exert synergistic effects with
betalains to enhance the antioxidant properties {Georgiev
ct al. 2010). Antioxidant activity of betalains depends on
their chemical structure and dectron donor capacity. Results
of investigations on structure-activity relationship in beta-
lains have indicated that the antiradical activity for the sim-
plest pigments is enhanced by the conmection of betalain
characteristic electron resonance system with an aromatic
ring. Betalamic acid, the central structure of hetalains, has
strong antiradical and antioxidant activities (Khan 2018
Gandia-Herrero,  Escribano, and Garcia-Carmona  2016;
Slimen, MNajar, and Abderrabba 2017).

Although the bioavailability of beet betalains has not
been individually and clearly determined, the achicvement
of these data could be valuable to give a better understand-
ing of their potential for use in health-promoting dictary
interventions (Clifford et al. 2015).

Modulatory effects of beet on gut microbiota

Retrieved studics assessing the in wvitro effects of beet and
bect bioactive compounds on intestinal microbiotz and pro-
biotics with information on tested beet part, binactive com-
pounds, examined doses, experimental models, measured
parameters and main results are shown in Table 1. Non-
sucrose polysaccharides from sugar beet pulp, composed of
cellulose, hemicelluloses and pectin, have shown resistant to
simulated human gastrointestinal conditions and able to

reach the colon where could be fermented by gut microbiota
(Sivapragasam et al. 2014). Pectin-derived oligosaccharides
have shown also resistant to enzymes present in foregut
(stomach and small intestine], but they can be fermented by
microorganisms found in large intestine, resulting in pro-
duction of short-chain fatty acids (SCFA) and stimulation of
growth andfor activity of beneficial bacteria, such as
Bifidobacterium  and  Lactobacillus species  (Gullin et al.
2011; Prandi et al. 2018).

Some studies have investigated the effects of beet consump-
tion on gut microbiota composition, which may induce a pre-
biotic-like effect. Prebiotics are substrates utilized selectively
by microorganisms forming the gut microbiota, conferring a
varicty of health benefits to the host {Gibson et al. 2017).
Pectin and pectin-derived olignsaccharides were cited as prebi-
otics duc to their capacity of modulating the gut microbiota
composition, particularly increasing the population of the bac-
terial species Faecaltbacterium prawsnitzii and Roseburia intes-
tinalis. These positive effects on gut microbiota reported to
pectin-derived oligosaccharides were similar or even higher
than those caused by the commercial prebiotics fructooligo-
saccharides and galactooligosaccharides {Gullon et al. 2013).

Sugar beet pectin has high methoxyl pecting with nelatively
higher fractions of rhamnogalacturonan and neutral sugars
(galactose, arabinose and rhamnose). After an in vitro fermen-
tation using a TIM-2 colon model, the production of pro-
pionic acid was relatively high (433 mmol) in media with
sugar beet pectin, which correlated positively with a relative
high abundance of Prevotella copri and Ruminococous spp.,
indicating that these bacterial species were able to produce
propionic  acid from  sugar  beet  pectin fermentation.
Additionally, abundance of Oscillospira, Blawtia, Dorea,
Ruminococcws, Coprococous, R torgues, Lachnospiraceae and
Clostridiales,  within - the  phylum  Firmicutes, and
Paraprevotella, B. umiformis, B. ovatus, P distasoniz and
Prevotella, within the phylum Bacteroidetes, were increased
during sugar beet pectin fermentation. These results indicated
that microbial gut communitics could be spedfically modu-
lated by sugar beet pectin (Larsen et al. 201%).

Administration of a standard diet (RMH-B) with 3% (w/
w) of sugar beet pecting mainly composed of wronic acid
(63 mol%), galactose {18 mol%) and arabinose {13 mol%), for
seven weeks increased the cecal population of Lactobacillus
spp. and Lachnospiracese spp. in Wistar rats. Stimulatory
effects of sugar beet pectin on these two microbial groups
were higher than those cansed by a soy pectin enriched diet.
These results indicated that dictary supplementation with
sugar beet pectin could modulate positively microbiota com-
position and stimulate SCFA production in large intestine
(Tian ct al. 2006).

Some studies have focused on production of sugar beet
pectic oligosaccharides with application of different meth-
ods, including enzymatic and acid hydrolysis, being also
suggested the ability of these compounds to stimulate the
growth of specific gut bacterial populations {Concha and
Funiga 2012; Goméz et al. 2016 Gomez et al. 2019). Pectic
olignsaccharides obtained with sugar beet pectin autohydrol-
ysis and purified with membrane filtration indeced a shift in

80



81

CRITICAL REVIEWS 1N FOOD SCIENCE ARD MNUTRITION @ 5

Table 1. Retrieved studies sssesding the in sitro effects of best and best bisactive compounds an intestinal microbiota and profbiotics

Federences

Teiled ket pant or product

Bioactive com pourids

Experimental meadels
mmeasured paramelers

Main results

Holck et sl 2011

Heldek et &l 2010

Klewicks and
Cryrorarska 3011

Drurnpai & al. 2011

Gomez &1 al. 2006

Tian et &l. 2016

Zhang, Lin, and
Zhang 2006

Chung et al. 2017

Hennirg et &l 2017

Panghal et al, 2017

Mahasn, Alsaman,
and Mahsous 2018

Meinnich &1 al. 2007

Prandi el al. 2008

Gomez & al. 2009

Sugar beet pectin
154, vl

Sugar b=t pulp

Beet juice
0.7 Likg)

Sugar best pectin

Sugar beet pulp

Tugar best

Tugar beet

Sugar beet pectin

154, wwl

Beet roat

Fresh beet juice
(P00 mL)

Fresh red best (200g/L)

Molsise sugar beet pulp
10400 a/kgl

Sugar beet pulp

Sugar best pulp by-praduct

Hamaogalacturanan [HG} and
rhamnogalacturansn | [RGI
{1.4%, wiw} by
engymalic deavage.

Ferulaylated and
Manferuloglated Arabino-
oligoasccharides fram sugar
beet pectin
i5giL)

Mat infarmed

Beet sabinan
1%, v

Pectic aligmatcharides
(5 and 10g/L]

Pactin (3%, wiw)

Pectin {1- %, wivl

Homogalacturanan oligamer
(degres af polymernzatian
(DF) DP4 {45 mglg) and DPS
(37 mgig)

Mat infarmed

Mat infarmed

Mot infarmed

Mat infarmed

Pectin and Pectin-oligo
saciharide mictunes
1%, wifw)

Pectic aligosccharides {109/}

Fermentation with fecal
samples Trom patients with
ulcerative calite [UC]

Fermentation with heslth
human fecal samples

Fermentation of besl jusce
with LactobociVus brévis
and [ pind e

Fermentation with human
fezal inGtulum

Fermentation with human
lecal culbures

Wistar rats fed & standd
et chow (RMH-B) with
1% |wiwh sugar best
pectin far 7 weeks

Used Lo prepare salidfoil’
waber smuliond 10
ercapsulate L sofedriis

WMilization & carbon source
by Faecohibarteaum
prousnilad, Eubocterium
eligens and Bacieroides
the loéotdomicran

Destermination al fecal
microbiota comgosition of
hesalthy adults at phydum
level after four days af
eel juite candumplion

Fermentation of pasteurized
beet juice

Fermentation with L
poaloawm FI0E, L
deidaptie P110

Determination al rurminal
micribial commumities and
fermentation prafile of
milasis sugar beet pulp
added al ruminal fluid and
solid cow digests

Fermentation with
Lartococcus i, L
draplowon, Locased, L
poalom, Lochamnodws, L
canvgtus, L fermentum, L

geidopiaies and L
delBrueckii

Subatitute of glucods {109/L]
a4 a carbon source in
labsaratory medium

Pectic-oligosaccharides. with
alightly different structures had
dilferent effecls an
Bacteroidetes ard Fimmicutes

Selective vtimulation af
bifidabacteria by feruloylated
and nanferuloylated long-chain
arabing-oligasaccharides

L. brévid and L pordcase’ hisd high
counts in femented best juice
up e 30 days of refrigerated
stomage. Fermented beet juics
hiad anti-rmutagenic activity

Stimulation al Bafdobecterium and
Laciobocillus growth species and
increased shundance of
Bscteraides-Prevetella group

Increased populstions of different
beneficial bactedal speces, with
remarkabde bifidogenic eflects

Increased gecal pogulstion of
Laciobocillus spn. and
Lachnodpirdcece spp.

Improvement in survival rates of L
soivariug under diflerent
ervironmental stresses,
intluding a simulated
gastromtestinal digestion

£, eNgers was the mast effective 1o
degrade diel-deived pecting,
whil ability Lo grow an purilied
pectic-olgesacchandes. Purified
pectic-olgesacchandes
pramated the growth of
beneficial Firmicutes specied

Consumplion of mixed juice
cauied weight loss, incresssd
plasma bevels af nitric coade and
decreased Bpid aidation These
effects were primarily assaciated
weith the high contents of fiber
and nitrate in beet root pulp

L. plantarum, L rhamenoiud and L
cefbrueckil ncreased antioxidant
aclwity and conlents of 1olal
phenals and Mevonoid in
fermented juice

Fermented beet root had moeased
total phenalic comtent and
anliceadant sctivily. Beet rool
fermented with L acidoptius
P10 had highest totsl phenolic
content and anticosdant activity

Eeel pulip stimulated ruminal
acelsle prodiection and
prapmonate Termentation. High
replacement rates of b=t pulp
caused decrassed ulilization of
ammanis and higher ruminal
methane production

Diflerent fractions stimulated the
grawth of Loclohdciin spedes,
waith the exception of L laceis.
Pectin oligedacchandes with low
polymenzation degres srabinans
ard little or no free gakae buronit
acid were the most elfective 1o
stimulate Locrabaciius species

Stimulation af the grawth of
prabiotic LecrabaciVus isolates,
especially of L rewten, [
plovildnam and L rhdrngdus

Coralinued |
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Table 1. Cantinued.

Relerences Tested beet part aor praduct

Bioactive camgounds

Experimental modelwy

mieasured parameters Miain results

Lasser et al. 2002 Sugar beet

neutral sugars
[F5g)
Mladenovic el SJugar beet molasses feat mformed
al 1019 (5 - 5%, wiv

Pectin with higher fractions of
rhamnogalacturanan and

Fermentaticn uging a TIk-2
colom model

Increases in population al
Oyeiospive, Soulio, Doved,
Fumineeoccuy, Coprocaccas, B
fargues, Lachnoipirdcece and
Clestridiales, within phylum
Firmicutes, &5 well & of
Paraprevodelk, B aniforrds, 8
pvdfus, P eictaguanis and
FrevoteNw, within phydum
Bacteraidetes

Adagted L paracgiel NRAL B-4564
enhanced the bt add and
beomass production. Sugar beet
milasies was shown a source of
sugars mealasies, nitrogen and
minerali required for growth af
lactic acid bacteria and
incréaded lactic sdd production

Adaplation of L. pardcased
MRAL B-4564 o sugar besst
malasies o eniure
subitrate utilization and
enhanced lactic acid
prodluctian on miolagies-
enriched distillery stillage

abundance of populations of different beneficial bacterial spe-
cies, with a remarkable bifidogenic effect revealed by increases
in Bifidobacterium spp. counts from 11.8% to 23.4% during fer-
mentation. Additionally, the results of this study indicated that
sugar beet pectic olignsaccharides induced a more remarkahle
prehiotic effect than pectin, besides to act similarly to or better
than fructooligosaccharides (Goméz et al. 2016). Structure of
olignsaccharides fractionated from beet pectins (bect arabinan)
were reported to increase the populations of Bifidobacteriim
spp. and Lacfobacillus spp. during fermentation with a human
fecal  inoculum, with  an  outstanding  bifidogenic  effect
{Omumpai b al. 2001},

Pectic oligosaccharides obtained through ensymatic hydroly-
sis of sugar bect pulp derived from industrial beet by-products
were also capable of stimulating the growth of probiotic
Lactobacillus isolates, especially of L rewterd, L plantarum and
L rhamnosus, in laboratory media. These results indicated that
sugar beet-derived pectic oligosaccharides could confer benefi-
cial effects on gut microbiota by modulating the growth of pro-
biotic bacteria (Gomez et al. 2019).

Administration of a mixed juice prepared with bect, apple,
lemon and ginger to healthy aduolts that consumed only the
tested mixed juice for three days cawsed a decrease in relative
fecal abundance of Firmicutes and Proteobacteria, besides to an
increase in relative fecal abundance of Bacteroidetes and
Cyanobacteria. Relative fecal abundance of some bacterial gen-
cra was also  increased, to cite Halospiruling  (1467%),
Paraprevotella (348%), Barnesielln (200%), Odoribacter (200%)
and Bacteroides (144%). Otherwise, relative fecal abundance of
other bacterial genera was decreased, to cte Streplococces
(8%),  Subdoligranedim  (30%),  Eizenbergiells  (40%),
Ruminiclostridicm (50%) and Dialister (67%). These data indi-
cated that administration of mixed juice with beet root was
capable of inducing alterations in human gut microbiota com-
position. Consumption of mixed juice also caused weight loss,
increased  plasma levels of nitric oxide (vasodilator) and
decreased lipid oxidation, which were associated primarily with
high contents of fiber and nitrate in bect pulp vsed to prepare
the juice (Henning et al. 2007).

Capahility of probiotic bacteria of boosting the health

promoting properties of beet juice have also been reported.

Fermentation of pasteurized  beet  juice by probiotic
Lactobacilluz plantarum, L. rhamnnosus and  Lactobacillus
delbreiceckii resulted in increased contents of total phenolics
and tlavonoids and antioxidant activity in fermented juice.
Fermentation of beet juice by probiotics cavsed probably
structural disintegration of cell wall in beet root cells with
the release or synthesis of different antioxidant compounds
(Fanghal et al. 2007).

Fermentation of beet voot juice by probiotic Lactobacillus
brevis and L. paracasei resulted in increased contents of
betanin, isobetanin and necbetanin, as well as of betanidine
and isobetanidine, which were not found in unfermented
bect root juices. Betanidine and isobetanidine are aglycones
with ability to neatralize free radicals. Betanidin and its iso-
mer isobetanidin were formed in fermented beet root juice
possibly as a result of the activity of fi-glucosidase produced
by tested probiotics, which catalyzes the transformation of
betanin into betanidine. L. brevis and L. paracesei had high
counts (approximately 815 log CFU/mL) in fermented beet
juice during 30days of refrigerated storage (Klewicka and
Cryrowska 2011

Beet juice fermented by probiotic Lactobacilfus casei and
L. twevis for 48h at 30 °C was administered in three differ-
ent volumes (1.5, 3 and 6ml daily) for Wistar rats fed a
basic casein diet for four weeks. Consumption of fermented
beet root juice (6mL daily) modulated positively cecal
microflora and metabolic parameters of rats. Fecal counts of
Lactobacilluz spp., Bifidobacterium spp., Bacteriodes spp. and
Enterococcus spp. were in the range of 82-86, 62-75,
B.0-83 and 7.3-7.7 log CEUYg, respectively, during fermen-
tation. Fecal counts of Clostridium spp. increased by 1.1-1.6
log CFU/g. while fecal counts of Enterobacteriaceae
decreased by 08-21 log CFU/g in rats. Furthermore,
administration of beet root fermented juice increased the
fecal contents of SCFA in rats, besides to decrease the activ-
ity of z-glucosidase and f-glucuronidase, which were indica-
tive of reduced post-prandial  hyperglvcemia  and
enterohepatic circulation of toxic compounds, respectively.
These results indicated that consumption of beet juice fer-
mented by probiotic L casei and L brevis induced positive
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cffects on cecal microbiota and metabolic parameters in rats
(Klewicka, Zdunceyk, and Juskiewicz 200%).

Effects of beet on gastrointestinal diseases

Retrieved studies assessing the effects of beet and beet bio-
active compounds on parameters indicative of gastrointes-
tinal health with information on tested beet part or product,
bioactive compounds, examined doses, experimental models,
measured  parameters and main results are shown in
Tahle 2. Beet exert a variety of beneficial effects to human
health, which are mediated by different naturally occurring
bipactive compounds, most notably betalains, phenolics, sol-
uble fiber and pectin (Chhikara et al. 201%; Clifford et al.
2015 Martinez et al. 2015). Inflammation s a biological
response of immune system triggered by different factors,
such as pathogens, damaged cells and toxic compounds,
which may induce acute andfor chronic inflammatory
responses in gastrointestinal tract, leading to tissue damage
and discase {Chen et al. 20018). There has been evidence that
betalains and betaine can exert anti-inflammatory effects by
interfering  with  pro-inflammatory  signaling  cascades.
Muclear Factor-Kappa B (NF-wB) cascade is the most
important cascade in inflammatory processes, being involved
in activation and transcription of most target genes that
regulate and amplity inflammatory response (ie. cytokines,
chemokines, apoptotic and phagocytic cells). Betalains and
betaine can reduce the levels of pro-inflammatory cytokines
(e TMF-m, 1L-6, IL-8 and IL-1fi), reactive oxygen and
nitrogen species, as well as the activity of cyclooxygenase-2
(COX-2) and lipoxygenase (LOX) (Clifford et al. 2015
Lechner and Stoner 20019).

A study evaluated the free-radical scavenging activity of
betanin in human hepatoma cell lines (HT-29) and con-
firmed protective effects of betanin to avoid DMNA-damage.
Beet betalains (15 pmol/L) decreased DMA-damage caused
by Hy(n in HT-29 enterocytes (measured by the so-called
Comet-assay), as well as increased the transcription of
nuclear factor erythroid Z-related factor 2 (Nrf2), which
induces endogenous cellular antioxidant  defense mecha-
nisms. These data indicate that betanin can act as both a
free radical scavenger and inducer of antioxidant defense
mechanisms in cells (Esatheyoglu et al. 2014).

Different mechanisms could be involved in hepatoprotective
and anticarcinogenic effects of betanin. Hepatoprotective and
anticarcinogenic mechanisms of betanin were evaluated consid-
cring its influence on activation of N2 and expression of
Cilutathione S-transferase and NAIDNPIH:quinone oxidoreduoc-
tase in two cell lines (non-tumor human hepatocytes THLE-2
and hepatocellular carcinoma cells Hep(i2). Betanin (2, 10 and
20pM} activated the Nrf2-ARE binding sequence in non-tumor
human hepatic cell lines {translocation of Mrf2 from the cytosol
o the nucleus) and increased the expression of mRNA of
phase I detoxifying enzymes, including NADNF)H:quinone oxi-
doreductase 1 and Glutathione 3-transferase activity (Krajlka-
Kuiniak et al. 2013).

Effects of phenolics of beet stalks and leaves on liver oxida-
tive damage in mice fed a high-fat (HF) diet were
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investigated. HF diet mice groups were supplemented during
cight weeks with dehydrated beet stalks and leaves or beet
stalks and leaf cthanol extract. Dehydrated beet stalks and
leaves attenuated the deleterious effects of @ HE dict on lipid
metabolism, reduced fasting blood glucose levels, ameliorated
cholesterol levels and reduced Glutathione-peroxidase and
Glutathione-reductase activitics in mice. However, ethanolic
extract from beet stalks and leaves did not prevent liver dam-
age caused by HF dict. Presence of flavonoids, such as vitexin
derivatives, in beet stalks and leaves were reported to protect
the liver from damage induced by HF diet. These results indi-
cated that dehydrated beet leaves were more biologically active
than ethanolic beet leaves extract, probably because of the
interactions of phenolics with other components i dehy-
drated leaves, espedially proteins. Phenolics can interact with
proteins leading to formation of soluble and insoluble com-
plexcs, which could affect their absorption and biological
activities {Lorizola et al. 2018).

Protective effects of long-term feeding (28 days) with beet
juice (EmlLikg body weight) on phase | and phase 11 enzymes,
DMA damage and liver injury induced by hepatocarcinogenic
N-nitrosodicthylamine (NDEA) was evaluated in rats. Beet juice
consumption conferred hepatic protection against a range of
inflammatory markers induced by NDEA administration, such
as alanine aminotransferase, aspartate aminotransierase, sorhitol
dehydrogenase, lactate dehydrogenase, gamma glatamyl trans-
ferase, albumin, biliruhin, creatinine and blood urea nitrogen.
Long term feeding with beet juice had protective cffects against
oxidative liver damage induced by M-nitrosodicthylamine in
rats (Erajka-Kuiniak et al. 2012).

Chemoprevention of cancer with bioactive foods or their
extracted/purifiecd components has been associated with nor-
malization of expression of different genes (Lechner and
Stoner 2019). ldentification of plant compounds (e.g. polyphe-
nols) capable of inducing the killing of tumors through apop-
tosis has been recognized as a promising strategy to avoid
proliferation of cancer cells {Chen, Zhao, and Yu 2016). The
relationship between chemical structure and anti-cancer activ-
ity for a range of sugar beet pecting extracted and modified
with different methods was evaluated by measuring cell viahil-
ity and apoptosis detection in HT29 and DLIM colon cancer
cells. Pectin extracted from sugar bect pulp differed consider-
ahly from pectin extracted from citrus peel. Obtained sugar
beet pectin had a higher newtral sugar and lower GalA con-
tent, as well as a lower degree of esterification (DE) and
higher degree of acetylation {DAc) when compared to citrus
peel pectin, Alkali treatment increased the ratio of thamnoga-
lacturonan [ (RGI) to homogalacturonan and increased the
anti-cancer effects of pectin, indicating an important role of
neotral sugar side chains, such as galatan and arabinan, for
pectin bioactivity (Maxowell ot al. 20016).

Phenolics, such as gallic acid (GA), cyanidin-3-O-gloco-
side chloride (CGC) and epicatechin (EF), were extracted
from sugar bect molasses and screened for antioxddant and
cytotoxicity effects on human colon (CaC0-2) and hepato-
cellular (Hep(i2) cancer cell lines. GA had the strongest
antioxidant activities and its antitumor activities increased
in a dose-dependent manner. In particular, CGC (400 pg/
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Table 2. Retrieved studies asisising the elfects of beet and best bisactive compoundd on paramebers indicalive of gastraintestingl health.

Referendes

Tested beet part or praduct

Biasctive comgounds

Experimental models!
messured parameters

Main resuls

Elewicka et al. 2012

Krajla-Kuiriak & al. 2012

Eapadia &1 2l 2012

Erajla-Kudniak & al. 2013

Esatbeyaglu et al, 2014

Chen, Meng, et &l 2015

Mewacki & al. 2015

Maxwell &t al. 2004

Farabegoli er al. 2017

Lanzela et sl 2018

Bt roat

Bt rool juice

18 mLKg)

Fied bl roal extracts

Bl roal

Feed bl estract diluted
with dextrin

Sugar beet malasies

Frash red beet rool exiradld,
with a mix of b=tanin
(e, vyl and iscbetanin
(3%, wivl

Mat inloemed

Mat inloemed

Bl stalks and begves [05%,
vl

Beet roal puice fermenbed by
Lactobocillus brevis 0544
and Loreobocilus pardcost
0520
(&L Kgl

Mat mlarmed

Mat mlarmed

EeLanin
(2, 10 and 20 ph)

Betanin (10 L)

Gallic &tid, cyanidin-3-0-
ghucaside chionde and
epicatechin extracted fmom
sugar beet molasses (400

ugimL}

Betanin ard isohetanin

Sugar beet pectin
(1 mgdmLp

Betamamhing (035 ng/mlL]
and betacyaning {0.25 ngf
mlL] fram red Beel mat

Mat mfammed

Effects sgainst aberant crypl
foci fermation and
genolakcity al fecal wales
i rats

Protective action al beet roat
juice on
hepatocarcinagenic M-
ritrosodieylamine-
induced liver injury in rats

Patential antiprofiferative
symengistic actvity of red
beet extract with the drug
daxorubicn sgainal
pancrastic umar cells

Ewalustion of the
hepatcaratective and
anticarcinogenic effect of
beLsnin in non-lumar
hepatocyles and
hepatocellular
cardinama cells

Ewalustion the free-radical
swcavenging activity of
betanin an counteract
biydragen perade
induted DNA demage in
human liver
hepatoma cels

The phenalics were sereened
far antioxidanl aclivity and
cylatoicity sffect
measured by methyl
thiazolyl tetrazalium assay
against human calon
(CaC0-2} ard
hepatocellular cancer
cell linez

Human colorectal cell lines
{HT-F0 ATCCDE: HTE-35). Al
cells were culursd as
monelayer (200 snd a5
aggregates (30} and
trestsd with b=tanin-
enriched best rool extract
far 4Bk

Relaanship betwesn pectin
structbure and anti-cancer
aclwity Tor a range af
dnipar besl pecting,
eatracted ard modified in
a variety of ws

Ivestigated in CaCo-2 colon
cancer cell lines

Liver axidative damage in
mice fed & high-fat diet
ard supglemented during
B wesid with debydrated
beet stalks and leaves

Beet root reduced the
number al aberant orypt
foci in rats treated with N-
Mitroao-HN-methylures, in
addtion 1o incresse the
ety of Lacrabadeiliug
Erteroroccud adhered to
codanic epithelium

Administration of best jusce
for 28 days had &
protective effedt against
axidative damage to liver

Extracts [roen red beet roal in
combined concentrations
attenuated the efficacy af
1he chematherapeulic diug
deamrubicin

Betanin mduced the
expression of detaxilying
engymes, indicating that it
B partly respanaible far
the beet
hepatopratective activity

Betanin acted as a free
radical icavenger and n
mducer of endagencus
cellular enzymatic
antiaxidan
defense mechanims

Gallic acd had the strangest
antiaxidant activities and
s anlifumar aclivities
mereazed in a dase-
dependent mannes,
Cyanidin-3-0-gluwcoside
chlande caused mhibitian
al the pralilferation of
human codan and
hepstocellular carcinoma
cell lines

Betanin concentrate inhibited
the proliferation af cancer
celli. HT-28 pell weere not
sensitive 1o betanin
concentrate at 40 ufl and
cell proliferation was
el decreased

Mosdified swgar beet peclin
by alkali treatment]
ncreased the ratio af
rhamnogalacturonan | ta
homogalaciuronan and
apogtadis indudtion

Betaanthing snd betscyaning
fram red best roo
reduced the sxpression al
pro-inflammatary markers
and caused dawn
requlatian af anti-
agoglotic protein Bel-k

Bewt staks and leaves
aitenuated the deleterious
eflects of & HF diet an
lipid metsbaliam, reducsd
fasting blood glucoie
bewels, ameliorabed
chaleiteral levels and
reduced Glutathsone-
peraxidaie and
Ghutathione-
reduclase alivities




mL} caused inhibition of 949 and 87.3% in proliferation
of human colon and hepatocellular carcinoma cell lines,
respectively (Chen, Meng, et al. 2005).

Cytotoxic activity of betaxanthins (K1) and betacyanins
(B2} from red bect (cv. Detroit) were investigated in CaCo-2
colon cancer cell lines when these compounds were tested
individually or in combination with vitexin-2-0O-xyloside
ithe main cytotoxic flavonoid from beet seeds). Betalains
tested individually even in low concentrations (0.25-0.35 pg!
mL)} had toxic effects on CaCo-2 eell lines. Combinations of
vitexin-2-O-xyloside + betaxanthins,  vitexin-2-O-xyloside +
betacyanin and vitexin-2-O-xyloside + betaxanthins + beta-
cyanins had synergistic toxic effects on CaCo-2 cell lines,
being the highest toxic effects found after a 72 h-exposure.
These data indicated the use of a cocktail of betaxanthins,
betacyanins and vitexin-2-Cr-xyloside as a chemopreventive
alternative against colon cancer duc to the capability
of betalains of reducing the expression of pro-inflammatory
markers and cansing a down regulation of anti-apoptotic
protein Bel-2 (Farabegoli ot al. 2017).

& study evaluated the effects of extracts from fresh red
beet containing a mix of betanin and its stereoisomer isobe-
tanin (64% and 34%, respectively) on human colorectal cell
lines (HT-29 ATCCOW HTB-38). Cells were cultured as
maonolayer (210} and aggregates (30) and treated with beta-
nin-enriched beet extract for 48h. Betanin concentrate
inhibited the proliferation of cancer cells, which was associ-
ated with induction of apoptotic cell death and autophagic
activity for cancer cells. However, HT-29 cells were not sen-
sitive to betanin concentrate at 40 pM and cancer cell prolif-
cration was not decreased (Mowacki et al. 2015).

Potential antiproliferative synergistic activity of red beet
extract with the drug doxorubicin was evaluated against
pancreatic tumor cells (PaCa) in cxponential growth phase,
Different concentrations of beet extract and doxorubicin
(0.29-290 pg/ml) in different combinations were tested for
cytotoxic effects with measurements of viability of PaCa
after 72h of incubation. Results indicated a reduction in
cffective dose of doxorobicin (a chemotherapeutic drug)
when combined (1:5 ratio) with beet extract (1Cs;, 1.2 and
1Can) to decrease the viability of PaCa. The authors stated
that red beet extract in selected combined concentrations
could enhance the therapeutic efficacy of chemotherapeutic
drugs to reduce toxic side-effects as a consequence of the
reduction of drog effective dose, in addition to prevent
development of decreased cancer cell sensitivity to drug
treatment (Kapadia et al. 2003).

Protective effects of heet juice fermented by probiotic L.
brevis and L. paracasei against aberrant crypt foci formation
and genotoxicity of fecal water in rats was reported. Beet
juice reduced the number of aberrant crypt foci and exten-
sive aberrations in rats treated with N-Nitroso-N-methylurea
{used as carcinogen). Fecal water obtained from rats fed
with N-Mitroso-N-methylurea-containing diet induced pro-
nounced cytotoxic and genotoxic effects in Caco-2 cell lines,
but administration of fermented beet juice abolished these
cffects. Betalains in fermented beet root juice was reported
as a potential biologically active agent inhibiting the
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development of cancer cells. Additionally, the beet juice
administrations increased the number of bacterial cells,
including Lactobacillus/Enterococcus, adhered to colonic epi-
thelium. These results indicated that fermented beet juice
could be a functional food with capability of preventing pre-
cancerous alteration induced by carcinogens, in addition to
decrease the oyto- and genotoxicity of fecal water (Klewicka
ctal 2012

Conclusion and future perspectives

Available literature has demonstrated conversely that beet
has outstanding nuotritional value and presence of a variety
of bioactive compounds. There has been consistent evidence
that non-sucrose polysaccharides, namely pectin and pectic
oligosaccharides, from beet can modulate positively the gut
microbiota composition and function, in addition to exert
stimulatory effects on growth and metabolism of probiotic
bacteria, indicating that beet could exert prebiotic properties.
Positive effects of beet betalains and phenolics on gut micro-
biota and probiotics have also resulted in the production of
bacterial metabolites, namely SCFA, which have been linked
to an array of beneficial effects induced by prebiotics on
host health. High contents of betalains and some phenolics
with anti-inflammatory, antioxidant and anti-carcinogenic
propertics have been associated with positive effects induced
by bect on parameters indicative of gastrointestinal health.
Fermentation of beet products by probiotics seems to impact
positively on the beneficial biological effects of these prod-
ucts on gastrointestinal health. Beet should be considered a
healthy food option for use by consumers in  different
domestic meal preparations as well as by food industry as
an ingredient to formulated added-value functionalized
food products.
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ARTICLE INFO ABSTRACT

Keywords: This study evaluated the effects of freeze-dried red beet (Bera vulgaris L) root (FDER) and stem/Jeaves (FDBSL)
Beet on the growth and metabolic activities of the probéotics Lactobacillus acidophafus La.05, Lacticasetbacillus caser 26,
ﬁ““ o and Lismasilactobacillus fer 296, as well as on their survival and physiological states when expased to
ol o imulated 5 inal canditions (SGIC). The changes in the of phenolic ¢ ds and anti
Functsasal ingredient activity anDBR and FDBSL when exposed to SGIC were also evaluated. FDBR and FDBS. had high contents of
soluble (5.25 and 11.10 g/100 g) and insoluble fiber (21.43 and 37.03 g/100 g), pectins (.45 and 9.51 g/100 g),
betalains (3.36-28.99 g/100 g), and a variety of phenalic compounds. FDBER and FDBSL stimulated the growth of
the probiotic strains with high viable counts (9 log CFU/ml), the production of acetic, butyric, lactic, and
ionic acids, and ak in the ¢ of phenolic compounds during 72 h of cultivation. FDBR and
FDBSI.hdponuve prebéotic minwmnndlelmrdpmbmﬂcs(‘d 17) linked to selective stimulatory
effects. FDBR and FDBSL increased the survival and maintemance of active physiological functions in the pro-
biotic during exposure to SGIC. The ¢ of phenolic compounds and the antioxidant activity of FDBR and
mnstumsda&uapwmmmmch diti while the antioxidant activity decreased after
to i diti The stimulatory and mmurﬁccuo(PDBRandﬁ)&Smemhmx strains
mldhcmmedmthﬂmrd:ﬂryﬁbamd henoli P which could be exploited in the

formulation of functional foods or dietary supplements.

i

1. Introduction including antihypertensive, antioxid
and hepatoprotective effects (Babarykin o1 al,

Chhikara et al., 2019a, 2019b).

anti-infl Y, antitumor,
2019; Chen ¢t al., 2021;

Red beet (Beta wvulgaris L.), Chenopodiaceae family, is an important

vegetable native to the Mediterranean region, with the highest pro-
duction in Europe, North America, and Asia and consumed worldwide
(Chhikara ef al, 20194, 20190). The root is the most popular and
commercialized edible part of red beet, while the leaves and stems are
generally discarded with the generation of large amounts of domestic
and industrial by-peoducts (Abdo et al, 2022; Fernandez et al., 2020).
Red beet has a variety of nutrients and bioactive compounds effective to
treat and or prevent various diseases. Betalains, phenolic acids, and
flavonoids have been linked 1o the bicactive properties of red beet,

* Corresponding author.
E.mail address elsiacademicoufph be (E. de Sowza).

https:/ /doi.org/10.1016/),fbéo. 2023102439

The beneficial effects of beet root on the gastrointestinal tract have
been typically associated with its dietary fiber contents, causing im-.
provements in the intestinal peristalsis, reducing colon lesion incidence,
and modulating the intestinal microbiota (Babarykin et al. 2019; de
Oliveira et al., 2020; Panghal et al., 2017). Red beet is rich in soluble and
insoluble dietary fiber, including pectin, from which derives oligosac-
charides with different structures and variable biological properties
(Gamez ef al, 2019; Holek et al, 2011). The ability of pectins and pectic
oligosaccharides extracted from beet root to stimulate the growth of
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specific beneficial bacterial populations has been reported (Gomes eral.,
2016 Oecan e al, 2021). However, integrative investigations on the
potential functional properties and effects of conventional edible beet
part (rool) and beet by-products (stem and leaves) on probiotics are siill
SEARCE.

Previous investigations have shown the stimulatory effects of dietary
phenolic compounds on the growth of probiotics belonging o species
found as part of the human intestinal microbiota. These studies have
asociated the degradation of phenolic compounds and the production
of organic acids with the growth and metabolism of probiogics (Alves-
Santos el al., 2020: Malik et al., 2019 Sampaio et al., 20211 Probiote
bacteria are live microorganisms capable of conferring a health benefit
1o the host whether administered in adequate amounts (Hill e al,
2014). Loctobacillis species are the most traditionally siudied as pro-
biotics with beneficial effects on intestinal health (Fueang e al., 2022
Minj et al., 2021, As the primary target of probiotics is the intestine,
these microorganisms must survive the hostile gastric environment and
remain metabalically active in the bower gastrointestinal tract (o confer
the claimed health properties {Sampaio et al., 2021). Plant matrices rich
in dietary fber and phenolic compounds could be substrates to enhance
the growth of probiotics, as well as 1o impact positively on their toler-
ande Lo gastrointestinal stressing conditions, increading their survival
and colonization in the intesting (de Bellis e al, 20213 Rasika e al,
2021}

Considering the s=arch for novel functional ingredients and the need
for the sustainable imegral valorization of food resources in line with the
circular economy in the agroindustry sector, this study hypothesized
that ingredients from the beet whale valorization could have stimulatory
elffects on probiotics and protect these microorganisms from cell damage
during the gatrointestinal passage, helping 1o keep their survival and
functionality. To test this hypothesis, this study evaluated the physico-
chemical characteristics of powdered beet parts (root and stem/Jeaves)
and their effects on the growth and metabolic activity of different pro-
biotic lactobacilli, as well as on their survival and physiological states
when exposed 1o simulated gastrointestinal conditions. The changes in
the phenolic profile and antioxidant activities of the powdered beet
parts when exposed 1o simulated gastrointestinal conditions were
evaluated.

2 Materials and methods

21, Acquisition and freeze-drying of beet samples

Red beet (Beta wulgarts L, early wonder cultivar) samples (root,
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soluble fiber contents were determined with an enzymatic-gravimetric
method (Tobaruela et al., 2018), and pectin content (calcium pectate)
was determined with a standard method (Ranganna, 1979, pp. 31-32).
For determination of the contents of betalaing, an aqueous extract (1%,
wi/v) was prepared and macerated by freezing overnight. Alter thawing,
the agueous extracl was centrifuged two times (B536 <g, 20 min, 4 °C),
the supernatant {1 mlL) was diluted with distilled water (24 mL), and
absorbance readings (538 nm and 476 nm) were performed in triplicate.
The absorbance was read at 517 am with a spectrophotometer (Biotek
Mublti-Detection Synergy HTX, Winooski, VT, USA). The light absorp-
tions &l 538 nm and 476 nm were used o caleulate the contemts of
betacyaning and betaxanthing (mg/100 g), respectively. The absorption
ar 600 nm was measured 1o correet the oceurrence of small impurities.
The 1otal contents of betalaing were expressed as the sum of betacyaning
and betaxanthins (Nilsson, 1970 von Elbe, 2001 L

FDER and FOBSL agueous extracts were prepared to determine the
contents of sugars (fructose and glucose). An aliquot (1 g) of the extract
wias homogenized (10 min) with ulira-purified water (5 mL, Milli Q
Advantage A10 Water Purification System, Merck Millipore, Burlington,
VM, USA), centrifuged (4268:g, 15 min, 24 °C), and the supernatant
wias filtered (0.45-pm pore size; Wattman, Chicago, 1L, USA). FDBR and
FDBSL methanol extracts were prepated (o determine the contents of
phenolic compounds. An aliquot (1 g) of FDER or FOBSL wias mived with
methanol (10 ml, Neoa, a0 Paulo, 5P, Beazil): distilled water (70:30, v/
w), treated with ulirasound (60 min, 37 kHz, 28 “C, Ulirasonie, Tecnal,
Piracicaba, SP, Brazil), and centrifuged (4268 <g, 15 min, 4 “C). Thess
procedures were repeated two Limes and the collected supermatants were
mixed and filtered (045 pm pore size, Whatman).

Separation and quantification of sugars and phenolic compounds
were done with high-performance liquid chromatography (HPLC) using
an Agilent chromatograph (model 1260 Infinity LC, Agilent Technolo-
gies, 51 Clara, CA, USA) and analytical conditions previously deseribed
(Coelho e al., 2018). An Agilent Hi-Plex H ion exchange column (7.7 =
300 mm, B pm, Agilent Technologies) was used for sugar analysis, while
a Forbax C18 (126 = 4.6 mm, 5 pm, Agilent Technologies) pre-column
and a Forbax Eclipse Plus RP-C1B (100 = 4.6 mm, 3.5 pm; Agilent
Technologies) were used for phenolic compound analysis (Padilha e al.,
201 7). The limir of detection and the limit of quantification of sugars,
organic acids, and phenolic compounds are shown in supplementary
material data (1L

2.5 Microorganisms and preparation of culivation media
Three probiotic strains, namely Loctobocillus acidophilius LA-05 (Chr.

stalks, and beaves: n: 30, approximately 3.5 kg) in the e cial
msAluralion stage were obtained from three different supplierss (10
sampled fram each supplier) in local agroecological markets (Jodo Pes-
soa, PE, Brazil). The red beet samples were washed with running potable
water, sanitized with a sodium hypochlorite solution (150 ppm, 15 min],
and rinsed with potable water. Beet samples were fractionated into
roots, stalks, and leaves, and processed with a domestie electronic pro-
cesgor (1.2 mm grater dise). The processed materials were frozen (- 18
4 2, 24 h), dehydrated (-55 4 2°C, <138;Hg, 1 mm/h, 24 h) witha
freeze-dryer (L-101, Liotop, 5&0 Carlos, 5P, Brazil), sieved 1o obtain a
powder with a particle size of <1 mm, packed in laminated metalized bi-
axially ariented palypropylene (BOPP) bags, and stored under refriger-
ation (4 4+ 0.5 °C, maximum period of one month). The powders from
stalks and leaves were mixed (1:1, w/w). Two different powdered ma-
terials were tested separately: freeze-dried red beet root (FDBR) and
freeze-dried red beet stalks + freeze-dried red beet leaves (FDBSL).

22 Physicochenrical characterization of FOBR and FDESL
The moisture (ADAC 940.26), ash (ADAC 940.26), protein (AQAC

935.58), and lipid contents (ADAC 920.39) of FDBR and FDBESL were
determined with standard procedures (A0AC, 2016). nsoluble and

H Horshalm, Denmark), Lecticaseibacillus cesel LAFTI L-26 (DSM
Food Specialties, Sydney, Australia), and Limosilacrobacillies
296 (Dusarte ot al., 2017; Garcia et al., 2016; Magsa et al., 2020; Sampaio

et al., 2021}, were tested separately in the experiments. These siraing
were cultivated (30-24 b, 37 "C) in de Man, Rogosa, and Sharpe (MAS)
beodh (HiMedia, Mumbsai, India), eentrifuged (4500=g, 15 min, 4 °C),
wished, and re-sispended in sterile saline solution (MaCl 85 g/1;
FMaia, Belo Horizonte, MG, Brazil) 1o obtain a suspension with viable
eell counts of approximately 7 log CFU/mL. The experiments with the
probiotic straing were performed with anaerobic incubation (Anaer-
oGen, Baingstoke, New England).

Escherichia coli ATCC B739 and E coli ATOC 11775 were used 1o
prepare a mived enteric inoculum (o determine the prebiotic activity
seores. The straing were cultivated (18-20 b, 37 °C) separately in brain-
heart infusion (BHI) broth (HiMedia), centrifuged (426B8:xg, 15 min,
4 =), washed, and re-suspended in sterile saline solution to obtain a cell
suspendion with viable cell counts of approximately 7 log CFU/mL The
enteric mixture inoculum was obtained by mixing (1:1 rate) the sus-
pensions of the rwo E coli straing {Duarte el al., 2017).

Modified MRS broths were prepared by replacing their main carbon
sowree: i) MBS brath with FOBR (20 g/L); i) MRS beoth with FDESL (20
2/L); i) MRS broth with commercial fructoaligosaccharides (POS) from
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chicory (20 /1, Sigma-Aldrich), a well-known prebiotic (de Albu
quergue ef al, 2020 Massa et al, 20200 and iv) MRS broth with gluccse
(20 g/L, Sigma-Aldrich), & a standard medium. The composition of the
madified MRS broths used in these assays was: iryplone 10 g/L, meat
extract B gL, yeast extract 4 g/1, di-potassium hydrogen phosphate 2
&L, tween B0 1 g/L, sodium acetate 5 g/L, tribasic ammonium citrate 2
&L, magnesium sulfate 0.2 g/L, manganese sulfate 0.04 g/L, and the
respective examined carbon source (20 g/L) (de Albugquesque e al,
2020 Masgsa et al., 20200

2.4, Determination of the prebiotic activity scores

An aliquot of the probiotic strain suspension (0.2 mL) was homog-
enized with 10 mL of MRS beath with FDBR (20 g/L), FDBSL (20 g/L),
FOS (20 g/L), and glucose (30 g/L). In parallel, an aliquot (0.2 mL) of the
enteric mixture inoculum was homogenized with M9 broth (10 mL,
Sigma-Aldrich) with FDBR (20 g/1), FOBSL (20 g/L), FOS (20 /1), and
glucose (20 g/L). Al two different incubation time intervals (2ero - just
alter homogenization and 48 k), an aliguot (1 mL) of each cultivation
medium was serially diluted (129, v/v) in sterile saline solution (10
107, and the dilutions (10 pL) were inoculated on MRS agar ar sosin
methylens blue agar (HiMedia) for probiotic and enteric mixiure
enumeration, respectively. After an incubation of 48 h at 37 °C, the
visible colonies on agar were enumerated (CFU/mL) and the prebiotic
activity score was caleulated with the formula:

Prebiotic activity score = [(probiotic log CFUMmL on prebiotic at 48 h

prabiatic kog CFL/mL on prebiotic at 0 h) { (probiotic log CFU/mL on glecose
at 48 h - probintic log CFL/mL. oa glucose at 0h)] = [{enteric log CFU/mL an
prehiotic at 48 h - enderic log CFUMmL on prebiotic at O h) f (enteric bog CFLY
mL on glucose at 48 h = enteric log CFLVmL on glecose at O k)] {Eg. 1)

A poditive prebiotic activity score indicates selective stimulatory
effects of the examined component on probiotic growth in detriment 1o
the enteric mixture and, consequently, a potential prebiotic sctivity (de
Albispuerque e al., 2020; Hoebner o1 al, 2007).

25 Meoarements of the effects of FOBR and FOESL on probiotics

251. Measurements of the gffects on the probioric growth
The effects of FOBR and FOBSL on the growth of the probiotic strains

were evaluated by enumerating the viable cell counts over time. An
aliguot of the probiotic suspension (0.2 mL) was homogenized with MRS
broth (10 mL) with FOBR, FDBSL, FOS, and glucose (20 g/1) (final viable
cell count of approximately 6 log CFU/mL). At different incubation time
intervals (time zero and 12, 24, 48, and 72 h, 37 °C), an aliquot of the
cultivation medium (100 pL) was serially diluted (1:9, v/v) in sterile
saline solution (107" - 107%), and the dilutions (10 pL) were inoculated
on MRS agar. AL the end of the incubation period (37 °C, 48 h), the
vigible colonies on agar were enumerated (CFU/2) and the resulls were
expredsed as log CPU/mL (de Albusquerque e al, 2020).

252 Measurements of the affects on the prabioric metabolism

The effects of FOBR and FDBSL on the probiotic metabolism were
evaluated with the mesurements of pH, sugars, organic acids, and
phenolic compounds in the culiivation media (20 g/L) with FDBR,
FOBSL, FOS, and glucose over time. The pH of the cultivation media was
measured with a digital potentiometer (Q400AS, Quimis, 5&0 Paulo, 5P,
Brazil) (method 981,12, AOAC, 2016) at time zero, 12, 24, 48, and 72 h.
Contents of sugars (glucose and fructose), lactic acid, shor-chain farry
acids [SCFA, Le, acetic, propionic, and butyric acids), and phenalic
compaunds were meagured at time zero, 24, and 72 b A each cultiva-
tion period, an aliquot (2 mL) of the medium was collected, centrifuged
(6402 % g, 10 min, 4 “C), and the supematant wid filtered (0.45-pm pore
size, Whatman). The contents of sugars, lactic acid, SCOFA, and phenalic
compounds  were  determined with HPLC using an Agilemt
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chromatograph (model 1260 Infinity LC, Agilent Technologies, 1. Clara,
USA) and analytical conditions previously deseribed (Coelho er al,
2018; Masza ef al., M0 Padilha et al., 20071

26 Measirements of the protecrive effects of FDBR and FDBSL an the
probiotics during expesise to simiaoted postrointesingl conditions

The protective effects of FDBER and FDBSL on the probiotic straing
were eval d with the ticmn of the viable cell counts (CFU/mL)
and the sizes of the cell subpopulations [percent) with distiner physio-
logical states during exposure 1o simulaved gasiroiniestinal conditions
(SGIC). The conditions mimicking the mouth, stomach, and intestine
were reached with continuous adjustments in pH values, wse of digestive
engymes (r-amylase, pepsin, and pancreatin), bile salis, and orbital
mechanical agitation specific to each step (de Albuguesque et al., 2020
Rodrigees e al, 2022) (Supplementary material data, S2). Initially, an
aliquot (0.1 g) of FDBR, FDBSL, and FOS was mixed with sterile distilled
water (25 mL) and homogenized (2 min) Each diluted sample was
inoculated aseptically with a fresh suspension (5 mL) of the tested
probiotic strain (final viable cell count 6-7 log CFU/mL), homogenized
(2 min), and submined to the conditions simulating the mouth, stomach,
and intestine,

26 1. Enumeration of probioge vidhle cells during exposure o SGIC

An aliquet (100 pL) was taken after exposure 1o each simulated
gastrointestinal step, serially diluted (1:9, 107" - 107%) in a sterile saline
solution, and each dilution (10 pl) was inoculated on MRS agar. A1 the
end of the incubation period (37 “C, 48 h), the visible colonies on agar
were enumeraled and the resulls were expressed as log CFU/mL

262 Assessment of the physiological stare of probiotics during exposire 1o
SGIC

An aliquot (1.5 mL) was taken after the exposure (o each simulated
gastrodntestinal step, fillered with a regenerated cellulose membrane
(0.45 pm, Whatman), the filirate was washed two times and resus-
pemded in phosphate buffer saline (PBS, B g/L NaCl, 0.2 g/LKCl, 1.44 g/
L Ma HPO,, 0.24 g/L KH POy, pH 7.4), and submitted 1o the staining
(15 min, room temperaiure, 22 °C, under light protection) with propi-
dium iodide (P1, 10 pg/ml. Sigma-Aldrich) and carboxyfluorescein
diacetate [(eFDA, 2.5 pg/ml, Sigma-Aldrich) w evaluate cytoplasmic
membrane integrity and enzymatic activity, respectively. The suspen-
sions were centrifuged (4268xg, 10 min, 4 °C), washed (1:1, v/v) with
PES to remove excess fuorochromes, and the precipitate was resus-
pended in PBS. The eytometric analyzes were performed with a flow
cylometer with argon baser emission at 488 am and 640 nm (BD Accuri
C6, Becton Dickinson, Franklin Lakes, NJ, USA) wsing previously
deseribed analytical conditions (Rodrigues er al, 2022), Cell sub-
populations  characterized a3 PIcFDA+  were  condidersd
non-permeabilized cells with enzymatic activity (living cells), P1 +
cFDA-were congidered permeabilized cells withowt enzymatic activity
(dead cells), and P1 + eFDA+ were considered permeabilized cells with
enzymatic activity (injured eedls) (Rodrigues er al, 2022).

27 Mensurements of the antioxidmre activity and phenslic compaisd
conterts of FDOBR and FDBSL during exposisre o SGIC

The antioxidant activity of FOBR and FDBSL was evaluated with
DFFH (2.2-diphenyl-1-picrylhydrayl) and ABTS (2,2'-azino-bisi3-eth-
ylbenzothiazoline-6-sulfonic acid) methods (Lee e al, 2020 Shehaa
el al., 2021) after exposure to each step of the SGIC. Aliquots (0.05 mL)
of the samples were reacted with DPPH solution in methanal [0.15 mL),
shaken vigorously, and kept (30 min) in the dark. The absorbance was
redd at 517 am with a spectrophotometer (Biotek Multi-Detection Syn-
ergy HTX). DPPH scavenging activity was measured at a wavelength of
517 nm. Controls were prepared with water replacing the sample. DPPH
radical-scavenging activity (%) was caleulared with the equation:
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DFPH radical scavenging activity (%) = [(ABScontrol - ABSsample )|
(ABScontrol)] = 100 (Eq. 2}

Where ABScontrol is the absorbance of the DPPH radical + water and
Abs sample is the absorbance of DPPH radical + tested sample.

The ABTS radical cation (ABTSe+) was generated with the reaction
of 5 mL of aqueous ABTS solution (7 mM) + BB pL of potassium per-
sulfate solution (140 mM). The mixiwre was kept in the dark (14 h, 28 +
0.5 °C) before use and diluted with ethanal 1o obtain an abserbance of
0.7 4 0.02 units & 734 am. Aliquots (0.05 mL) of the samples reacted
with ABTS radical solution (0,15 mL) in the dark. The decrease of
absorbance at 734 nm was mesgured after & min.

The percentzpe inhibition was calculated with the squation: ABTS raducal
scavenging activity (%) = [(ABScontrol - ABSsample) ] ABScontral}] x 100
(Eq. 3)

Where ABScontrod is the absorbance of ABTS radical + water and
ABSsample is the absorbance of ABTS radical + tested sample.

Extracts {1:1, v/v) with methanal 70% (70:30, v/v) were prepared
with samples collected after exposure 1o each step of the SGID 10 mea-
sure the phenolic contents. The samples were centrifuged (4000xg, 15
min, 4 “C) and the supemnatants were fliered (045 pm pore size;
Whatman). Separation and quantification of phenolic compounds were
performed with high-performance Liquid chromatography (HPLC) using
an Agilent chromatograph (model 1260 Infinity LC, Agilent Technolo-
gies) and analytical conditions previowsly described [Massa e al., 2020;
Padilha et al, 2007).

28 Statistical analysis

The experiments were performed in triplicate on three different oc-
casions. Resulis were expressed as average 4+ gandard deviation.
Kolmogorov-Smimov normality test determined data normal distribu-
tion. Data were submitied 1o & Student™s r1est or analysis of variance
(ANOVA) followed by Tukey's test using GraphPad Prism 8.0 { GraphPad
Software, La Jolla, USA). A p-value of <0.05 was considered for statis-
tical significance. Pearson’s correlation test assested the relationship
between the variables using R saltware (version 2.15.3, Ross Thaka and
Robert Gentleman, University of Auckland, New Zealand).

3. Resulis
11 Physicochemical characteristics of FDBR and FDBSL

FDBR and FDBSL had distinet physicochemical characteristics. The
contents of lipids, proteing, ash, sodium, pectin, and otal dietary fiber
were higher in FOBSL compared 1o FDBR (p = 0.05), while the contents
of sugars (glueose and fructose) were higher in FOBR (p > 0.05). FDBR
and FOBSL had high contents of 1otal dietary fiber, particularly soluble
fiber. FOBR had higher contents of betalaing compared to FDBSL (p >
0.05). The contents of betacyaning and betaranthing were five- and
three-fold higher in FOBR than in FDBSL (Table 1)

Different classes of phenolic compounds were found in FDBR and
FOBSL, with large variations in their contents, including phenolic acids,
flavanols, favanones, and stilbenes. Procyanidin B1, procyanidin B2,
gallic acid, epicatechin, kaemplerol 3-glucoside, caftaric acid, and epi-
catechin gallate were the prevalent phenolic compounds in FOBR.
Kaemplerol 3-gluenside, procyanidin B2, gallie acid, caftarie acid, hes-
peridin, catechin, and naringenin were the prevalent phenolic com-
pounds in FDBSL {Table 1)

1.2 Effects of FOBR and FDBSL on probiote lactobacilli
The probiotics L. acidophilies LA-DS, L cased L26, and L. fermentim

296 had high viable cell counts ( >9 lag CFU/mL) at 72 h of cultivation in
media with FDBR, FDBSL, and FOS. The wviable cell counts of these
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Table 1
Physicochemical characteristics (average + standard deviation, n = 3) of freeze-
dried red beet root (FOBR) and freeze-dried red beet stem and Jeaves (FOBSLL

Prarameters CoEiEins

FOER FORSL
pH 631 + 0ot 6.10 = a1t
Moistuze {g/100 g1 14.3 £ 08" 706 15
Lipids [2/100 g) 1.47 £ 0.9* 133+ 12%
Acsees [7/100 g) 13.50 + 0.2 1965 + 15"
Protein {2100 g} 1310 £ 0.0° 16,10 = @l
Pectin (g/100 g B.45 + 0.5" 51 = a3*
Seafimn (g, 100 g] 1.85 + 0.3* 211 =08t
Sadubde fFber (100 g) 5.38 + 04" 110+ 13"
Insaluble fiber (5,100 g) .43 & 1.5 3703 + 1.3
Total distary fiber (5100 g) 26,71 + 18 48.14 = 1.3*
Sugars
Froctose (/L] 276 + 0020 0.42 = o
Glucose (g/L) 354 + 0oT* 068 = oot
Betalades {mg /100 g1
Betacyanios 28.99 + 00" 564 = 1.3
Betamanthiss 11.88 + 1.2* 1.36 = 0"
Phesslic compounds [sg/g)
Phesalic acids
Calfeii acid 023 + Lozt 0.22 + aost
Caltaric acid 1.96 + 0,007 4.86 = 004"
Chiorogenic acid 1.07 + 007" 0.11 = auag®
Gallic acid 265 + .02 1472 + aoz*
Syringic acid ;51 + 0.03* 0.52 = ezt
Flavanils
Carechin .54 + .02 1.20 = oot
Epigaliccaterhin gallate 006 + 000" 0.11 + @zt
Epicatechis 264 + 007" 102 = oes”
Epicatechin gallae 1.96 + 0.01* 0.71 = st
Procyanidin A2 LD 0B8R = 002
Procyanidia B 4.05 + 0.04* 016 = ooz
Procyanidin B2 41.97 + 0.m* 21.26 + ool
Flawanomes
Hesperidin 058 + 0.01° 162 = 005t
Harisgenin 1.08 + 002 2.36 = 0ol
Flavonls
Kaempierol 3-gluceside 21% + 0.03° 29.56 = 4™
Myricetin 038 + L0E* 0.39 + aost
Quereiiin 3 ghocaside 16 + o8 0.50 + ol
Sailbeses
cis-Reswerarnol 1.3% + LOZ* 1.16 = auoz®
trans-Resverannel ES T, 0.1 0oz

<LOD: below the limit of detection. LOD values are shown in supplementary
material data (52). Different superscript capital ketters in the same row indicatea
significant difference (p - 0.05) amaong samples of freeze.drisd beet parts (FOBR
and FDBSL), based oo Tukey's test.

slraing increased by more than 3 logs in media with FDBR and FDBSL at
72 h compared 10 time zero (baseline). The wiable cell counts of
L. fermentim 296 al 72 h of cultivation were higher (p < 0.05) in media
with FDBR and FDBSL compared 1o media with FOS and glucose. The
viable cell counts of L. acidophifus LA-05 and L. casel L-26 were similar in
media with FOBER, FDBSL, and FO5 (p > 0.05), which were higher
compared to media with glucose (p < 0005) {Fig. 1a -1ek

The cultivation of the probistic strains caused a decrease in the pH
values of the media over time regardless of the added carbon source. The
lowest pH values in the cultivation media wene achieved upio 12 or 24 h
of cultivation (p < 0.05), excepl for the medium with FDBSL where the
pH value did not change from 12 w0 72 h (p > 0.05) (Fig. la-c). The
largesy decrease in pH values (—3.8) occurred overall in the medium
with FOS. The variations in the pH values of the media with FDBSL were
similar over the 72 h of cultivation regardless of the inoculated probiotic
strain (p > OLOS) [Fig. la-cl

FDER, FDBSL, and FOS had positive prebiotic activity scores on
L. aeidephilus LA-05, L eesei L-26, and L. fermentum 206, FOBR, FOESL,
and FOS had similar prebiotic activity scores on L fermentum 296 (p >
0.05). FDBSL had similar prebiotic activity scores on L cased L-26 and
L. acidaphilies LA-DS {p = 0.05), while FDER and FOS had similar
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(a)

Viable cell counts (Log CFUmL)
~

(b)

Viable coll counts {Log CFUIML)

(c)

Time (h)

Fig. 1. Viable cell counts (—) of L. acidophilus LA-5 (a), L. caset L-26 (b), and L. fermentum L-296 (c) and pH values (—) in cultivation media with freeze dried red beet
root (FDBR, 20 g/1), freeze-dried red beet stem and leaves (FDBSL, 20 g/, [, glucase (20 g/L A) (average = standard deviation, n - 3).
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prebiotic activity scores on L acidophilus LA-05 and L fermentum 296 (p
= 0.05). FOBR had higher prebiotic activity scores on L. acidophilis LA-
05 and L. casei L-26 compared 1o FOBSL (p < 0.05) (Table 2).

Frictose and glucose contents decreased in the media during the 72 h
of cultivation regardless of the added carbon source and inoculated
probiotic strain (p < 0.05) (Table 53). Lactic acid contents were inereased
in the different media at 72 h of cultivation regardless of the inoculated
probiotic strain (p < 0.05), although the media with FOBSL and glucose
inoculated with L acidophifus LA-05 and L fermenmum 206 had a
decrease in lactic acid content at 24 h of cultivation (p < 0.05). Media
with FDER, FOS, and glucose had higher contents of lactic acid at 72 b of
cultivation regardless of the inoculated probiotic strain (p < 0.05). The
weetic scid contents increased over time in media with FOER, FDBSL,
and FOS inoculated with L acidophilus 1LA-D5 and L casei L-26 (p <
0.05). The acetic acid contents increased during the 72 h of cultivation
in media with FDBR, FDBSL. FOS, and glucose inoculated with
L fermentim 296 (p < 0005), and the highest acetic acid contents were
detected at 24 b of cultivation. The butyric acid contents were incressed
al 72 h of cultivation regardless of the media and inoculated probiotic
girain (p < 0.05). Propionic acid contents increased in media with FDBR,
FDBSL, and FOS inoculated with L acdophilis LA-DS and L cesel L-26
during the 72 h of cultivation and decreased in media with glucose (p <
0.05). Propionic acid contents were decreased ar 72 b of cultivation
regardless of the cultivation media when inoculated with L. fermentian
296 {Table 3

The contents of phenolic compounds in media with FDBR and FDBSL
inoculated with L. acidophifus LAZ0S, L. casei L-26, and L. fermentiom T96
were altered distinctly during the 72 b of cultivation (Table 4). The
contents of gallic acid increased and decressed in media with FDER and
FDBSL, respectively, regardless of the inoculated probiotic strain (p <
0.05). The contents of caltaric acid decreased during the 72 h of culti-
vation in media with FOBR and FDBSL inoculated with L. acidophilus LA-
05, L casei L-26, and L fermention 296 (p < 0.05). The contents of
syringic acid did not change over time regardless of the cultivation
media and inoculated probiotic strain (p > 0.05L

The contents of catechin, epicatechin gallate, and procyanidin B2
increased, and the contents of epicatechin and procyanidin B1 decreased
during the 72 h of cultivation in media with FDBR and FDBSL inoculated
with L acidophilies LA-05 and L fermentigm 296 (p < 0.05). The contents
of procyanidin A2 decreased during the 72 hof cultivation in media with
FDBR and FDBSL inoculated with L. acidophilis LA-0S, L. cassi L-26, and
L fermennim 296 (p < 0.05). The contents of kaemplerol 3-glucoside,
myricetin, hesperidin, and cés-resveratrol increased during the 72 h of
cultivation in media with FDBSL regardless of the inoculated probiotic
girain (p < 0.05) (Table 4)

The probiotic viable cell counts in media with FDBR correlated
negatively with the pH values {r = —0.68) and contents of glucose (r =
~0.78), epicatechin (r = —0.73), and procyanidin B1 (¢ = —0.E2), while
correlated positively with the contents of gallic acid (¢ = 0.83), syringic
arid (r = 0.64), and procyanidin B2 (r = 0.53). The pH values in media
with FOBR correlated negatively with the contents of lactic acid {r =

Tabl= 2

Prebiotic activity scores (average = standard deviation, n = 3) of freezedried
red beet oot (FDBR), freeze<dried red beet stiems and leaves (FDBSL), and
fructooligesaccharides (POS) on L aoidophilis LAOS, L case L-26, and
L fermentum 296,

Saralns FOER FOBSL FOS
L acidophilis LA-0S 043 + nogt Q17 £ 004 048 + 0.01%
L cosef L-26 [ 017 = nog' 040 & ooxt
L fermennm L-2%6 o4 = pOzt 043 = 001 0.45 + Qo

A — B Different superscript capital ketters in the ssme row indicabe a significant
difference (p < (L0&), based oo Takey's test; a « be Different superscript lower-
case letters in the same column denote a significant difference (p < 0.08), based
on Takey's test.
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—0.63), gallic acid (r = —0.65), procyanidin B2 (r = —0.63), and cis-
resveralrol (r = —0.73), and correlated positively with the contents of
fructose (¢ = 0.89), glucose (r = 0.B4), quercetin 3-glucoside (r = 0.BE),
and procyanidia Bl (¢ = 0.65) (Fig. 2a).

The probiotic viable cell counts in media with FDBSL correlated
negatively with the pH values (r = —0.77) and contents of glucose (r =
—0.75) and fruetose (r = —0.7E). The probiotic viable cell counts in
media with FOBSL correlated pesitively with the contents of acetic acid
{r = 0.52) and lactic acid (r = 0.41), a3 well a8 with the contents of
kaemplerol 3-glucoside (r = 0.57) and myricetin (r = 0,58). The pH
values in media with FDBSL correlated negatively with the contents of
lactic acid (r = —0.64) and myricetin (r = —0.63) and correlated posi-
tively with the contents of fructose (r = 0.76), glucose (r = 0.62), epi-
catechin [r = 0.53), and procyanidin Bl (r = 0.52) (Fiz. Za).

3.3 Effects of FDBR and FDBSL on probionc lactobacilli during exposure
o SGIC

The viable cell counts of L acidophilus LA-05, L cesel L-26, and
L. fermenmm 206 during the continuous exposure 1o the SGIC (mouth,
stomach, and intestine steps) in the presence of FDBR and FDBSL were
=3.6 and > 3.5 log CFU/mL, respectively, and these counts were overall
similar o those found in the presence of FOS (p > 0.05). The viable cell
counts of the same tested probiotic strain were similar when exposed to
the different steps of the SGIC in the predence of FORB and FDBSL (p =
0.05), but were lower than those found after the exposure 1o the stomach
and intestine steps in the presence of glueose (p < 0.05). The viable cell
counts of the probiotic straing were below the limit of detection when
exposed 1o the stomach and or intestine steps in the presence of glucose
[Table 5}

The cell subpopulations of L acidophilus LA-DS, L. easei L-26, and
L. fermentism 296 with intsct cellular membrane and enzymaric activity
(live active cells, Pl-cFDA+ ) were af >23% during the exposure (o the
stomach and intestine steps in the presence of FOBR and FOBSL, which
were higher than those found in the presence of glucose (p < 0.05)
(Table S The ested probiotic straing exposed 1o the stomach and in-
tesgine conditions in the presence of FDBR and FDBSL had larger sub-
populations of live active cells compared 1o permeabilized cells with
enzymatic activity (P1 + eFDA+, injured cells, <B.7%) and cells with
permeabilized membranes and withoul enzymatic activity (PI + eFDA-,
dead cells, <5.5%) (p < 0.05). The probiotic siraing exposed o the
stomach and intestine conditions in the presence of FOS and glucose had
higher sizes of subpopulations of dead cells (>9.6%) than when exposed
1o the same conditions in the presence of FDBR and FDBSL (p < 0.05)
(Table 5).

The probiotic viable cell counts correlated positively with the sizes af
subpopulations of live cells [PT-cFDA+) when exposed 1o the mouth (r =
0.56, r = 0.81) and stomach step (r = 0.99, r = (LE4) in the presence of
FDBR and FDBSL. The probiotic wiable cell counts correlated positively
with the sizes of subpopulations of permeabilized cells with enzymatic
activity (PI + ¢FDA+) when exposed to the mouth (r = 0.55, r = 0.72)
and intestine steps (r = O.BB, r = 0.858) in the presence of FOBR amnd
FDBSL (Fig. 2b).

34 Chaenges in phenolic compound comtents and antioddent activities of
FDBR md FOBSL during exposure o SGIC

The contents of the phenolic compounds and the antiokidant activity
of FOER and FDBSL, as measured by DPPH and ABTS method, were
determined during the 5GIC (Table 6). The highest contents of caftaric
acid, chlorogenic acid, catechin, and cis-resveratrol in FOBR and FDBSL
were found after exposure to the stomach step. The contents of chloro-
genic acid and procyanidin B2 increased in FDBR and FDBSL after
exposure 1o the intestine step, while the contents of gallic acid, syringic
acid, epicatechin, epicatechin gallate, procyanidin B1, and hesperidin
decreased. The highest antioxidant activity in FDBR and FDBSL
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Table 3
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Comtents (average <+ standard deviation, n = 3) of kactic acid, shont-chain Gty acikds (scetic, butyric, and propionic acids), and sugars in media with freeze-dried red
beet root (FDER, 20 g/L), freere-dried red beet stem and leaves (FDBSL, 30 g/1), glocose {20 g/L), or fructocligosaccharides (POS, 20 g/L) inoculated with

L. acidophilus LA-0S, L casei L-26, or L. fermentum L-296 during 72 h of cultivation,

Media Probiotie stesin, Tise of caltivation
L acidaphilis LA-05 L cosel L-26 L flermennin 296
oh 4 m 1Y 7Zh oh 24h a8 h 72h ah 24h 48 h 72h
Drganie ackd (g /Lirowheadeowhiesd
Latic acid FOES 037 + .85 = T+ 1054 = = BET BO7 = HES = 073 4.48 = 458 = 5.20 =
n.oz™ o4 oo™ nost [T o3t o.o7= oo 006%
FOBSL 027 + 273+ 256+ 184 2 o7+ 151 = 152 171 % 099 = 1.55 = 106 = 116 =
oo™ n.og* ouoFd nos st ouEtE ooz nasts 0.os™ n.oE™ oo o5t
FO& 0,36 + 783 = 16491 1764+ O0RE 3002 1713+ 1679+ 03232 174 2 2.32 2 A.38 =
oo™ nos™ o o o™ o4 5% o4t o™ ooz oz gt
Glucese .28 + 1678+ 1535+ 1286+ 00+ AT BRI = mss+ 007 = 1202+ 058+ 765 =
noa™ o oo™ nor oo™ oo st 0oz nog* ooFs o5
Acetic acid  FDER 314 & 337 & ET4E B 300+ 391 % 403 = 500 & 175 2 3.00 = 2.40 = 283 =
noz™ Y s wos™ oo™ o™ oo™ 0.03™ 006 on® oo™
FOBSL .10+ 300 + 4T+ B 254+ BTT 2 160 = 410 = 278 = 315 = 2.30 = 270 =
om™ ™ oo™ o™ oos™ ouor™ oot oo™ 0.os™ 0.03* on™  oog*
FOS 208 + 371 = 365+ B 295+ 3132 374 % 64 168 = 278 = 208 = 198 =
o™ mos™ wo™ poe™ o™ aos™ oot oo™ 003 pog™ oo™ om™
Olucese 340 + 251 + 240+ 216 = 330+ 340 2 168 = a0l 199 = 392 = 209 = 257 =
moz™ T o™ oo™ o™ o™ o.og™ st oo™ oos™ .0z .04
Buryric FOES 64 + L6 = [l S o7l = = 078 = 080 = ore = 0.34 = 051 041 = 0.40 =
acid oo oA ot oo oL et onze st noe™ oozt ooz ooz
FOBSL (66 + 6D = = B = =z 068 = 0ET 0.44 = 0.38 = 048 = 0.47 =
™ ozt Lo ozt oz o ooz ot o5 o oz nor
FOs B3 £ B3 = x & x e = 0H2 = e = 034 = el = 065 = 0.40 =
oozt n.oz™ o™ nosd oo™ oo™ o1 ozt oo™ o st oozt
Clucese .59 + 0% = = B = 05l = 078 = 07T = 0.35 = 053 053 = 041 =
oo™ T ooz nophE oo™ oz o5t oo nozte oozt o5
Progionls FOES 1.63 + 253 + 307 + B 153+ 191 183 = 216 = 1.28 = 0.5 0.49 = 073 =
acid n.os™ n.oa™ oz nostt oz o™ o o5t L oo
FOBSL 155+ 497 & S5 & B 138+ 450 490 = AT .51 £ 497 = 3.30 = 183 =
n.oa™ nos™ o oot oLz ooe st o7 n.og™ oos™ o5
FOS 1.50 + 200+ 300+ B 117+ 272 % 182 = 204 1132 198 = 1.58 = 0.54 =
n.og™ oo™ o™ o oo™ oate 004 [T oo noE"" oozt 3™
Glucese 172 + LG4 = 095 = 07T = 168 = OED = 0a1 = 1o = 141 = 1.04 = 074 = 0.57 =
oat o™ g™ o ot oo™ o1 o ooz o™ e oo™
Sagars (g/Lrewheadromwhead
Cunse FOES 230 + <100 <100 <LOD = ~LOD <LOD <LOD 215 = L0 <10 <10
ooz oos® nog®
FOBSL (.60 + =L00 <100 <LOD 04T = L0 <LOD <LOD 118 = <L L0 L0
e ot .oz
FOS 172 + <100 <100 <LOD 121+ <LOD <LOD =LOD 1322 <00 L0 L0
o2 oo onF
Glucese 1398+ 04 = <100 <LOD 1278+ <LOD <LOD <LOD 1068+ 0322 L0 L0
nos™ mo® s gt no®
Fruciase FOES 60+ =L00 <100 <LOD 213+ 2042 <LOD <LOD 164 = <L L0 L0
noa® unEtE ot ooz
FOBSL 0.4 + <100 <100 <LOD 0IE+ <LOD <LOD =LOD 036 = 0ol 0ol = <00
nost ouon? o oo™ oo
FO& 70 4.45 = 04T = o7 = TaZ: 317 2 019 = 052 = 5.41 = 984 = 236 = 119 =
oE oo ouz® ooz st o ool ol o5 o4 a3 oot
Olucese 096 + 002 = <100 <LOD OET = 020 = 018 e 0al <LOD <IL0D <IL0D
oz o e oz ooz o™ 0o

A - [r different superscript capital letters in the same row for the same cultivation medivm and probiotic strain denote differences (p < 0U05), based an Tukey's test; a-
d different superscript small letters in the same column at the same time interval and measursd parameter denate difference (p < 0005), based on Tukey's test.

measured by either DPPH or ABTS was detected after the exposure 1o the
glomach step, with a decrease after the exposure 1o the intestine step
(Tabde &).

The results of DPPH and ABTS 1ests for FDER (r = 0.78) and FDBSL{r
= 0.53) correlated pogitively during the exposure to the SGIC (Fig. Ze).
The results of DPPH and ABTS tests for FOBR during exposure to the
SGIC correlated positively (r > 0.54) with the contents of epi-
gallocatechin, procyanidin A2, and kaemplerol 3-glucoside. The results
of DPPH and ABETS tests of FOBR correlated negatively with the other
measured phenolic compounds (r < -0.58) The highest positive corre-
lations of the results of ABTS test (r > 0.68) were with the contents of

epigallocatechin gallate, procyanidin A2, kaempleral 3-gluceside,
myricetin, and cis-resveratrol. The highest positive correlations afl the
results of DPPH test (r > 0.83) were with the contents of kaempferol 3-
glucoside, procyanidin AZ, epigallocatechin gallate, cavechin, and
quercitin 3-glucogide.

The resulis of DPPH and ABTS tests for FDBSL during the exposure 1o
the SGIC carrelated positively with the contents of cs-reaveratrol, cal-
taric acid, syringic acid, caffeic acid, and gallic acid, and correlated
negatively with the contents of procyanidin A2 The highest positive
correlations of DPPH resulis (r > 0.66) for FOBESL were with the contents
of gallie acid, syringic acid, caffeic acid, caftaric acid, epicatechin,
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(a)

(b)
Viable count in simulated

(c)

gastrointestinal conditions

Fig. 2. Schematic results of the correlatica b iables at 72 h of cultivation of the lactobacilli probiotic strains in media with FDBR and FDBSL (a), the viable
counts of probiotic strains and the sizes of cell subpopulations with different physiological states (PI.cFDA +; Pl + cFDA+) during the expasure to the simulated
gastrointestinal conditions (SGIC) in the presence of FDBER and FDBSL (b), and the antioxidant activity (DPPH and ABTS) of FDBR and FDBSL during the expasure to
SGIC (c).
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Viable cell counts (Log CFU/mL, average + standard deviation, o = 3) and size (%, average + standard deviation, n = 3) of cell sabpopulations with different
physiolagical states of L. andaphilis LAOS, L cocer L-26, and L farmeshmm 296 during expaosure o di fferent steps of an in wimo gastrointestinal digestion in the pressnce
of frerze-dried red beet root (FDBR], freeze-dried red beet stem and beaves (FDESL, 20 g/L), fructookigesaccharides (FOS, 20 g/L), or glucose {20 g/L).

Sulsrrale L ackdophilus LA-05 L cose L-26 L fermennms L-29%
Digesmion  Wiahle Size of cell subpopulation (%) Viable Size of cell subpopulation (%) Viable Bize of cell subpopulacios (%]
e EMM“&"“ - P+ PL+ c"“ﬁ:'ﬂ:{_"‘;“ Fl- o+ o+ m‘""’ tilag o F 4+ L+
cFn+  eFDA FDA- P+ cFDN CFDNA- =L DA+ cFDA+ oFDA-
+ -
FDER Bdmh 6.5 & 0.9° 406 + BT 2 21 B2+ L4t 546 + 11.6 + >0+ 64zl 48.8 + 134 + 13+
pz™ o™ o04™ pat n1™ nz™ o™ o™ w™
Sromach 5.9 +0.5" 304 + 87 + 26 18 =07 5.6 + 57+ 28 + 60 =03 326 + BB+ 29 £
o™ o™ o3 na* o™ nz™ oz o™ az™
Inteaine 41+02 1+ = 42+ 40+ 06" A+ 21+ 29+ E+05" 3/ 43+ 254
D™ o™ 0.06™ p* n2™ o™ o5 o™ az™
FDBSL Moth BZ£L1"  4RT: 1wl 332z 6107 BLO% 125+ 234 E5+12  517: 1RO+ 27 %
m oz o gt 5= [T 0.z mE™ ¥
Stosmack 5E£07" 48T 2 12+ 45£0.3% 392 52+ 45+ 52+05° 404 T5i 28 %
me o oz B 3= s oz 3 ¥
Inteaine 36 £ 08 345% 2 5.4+ 1903 73 TE+ 55+ 503" 21 B3I+ 26
m™ oz o1 E™ o3 n1= 0.3 m1= ¥
FOS Bdmh 6.6+ 0.5° 516+ 131+ B3 65 = 0LE* 428 + T + I+ 64O 540 = 197 + 00+
e oz s 1. oy 5" o1 na® s
Spasmach 57 £03 111z M7+ 2152 51+03" 66 N1+ ME+ 5S5IzaPF a: @0 23+
o1 ok oz= 0.2% o3 o3 o3 o1 s
Inteaine 18 £06* A5+ = 6= 19 £0.F M6+ 151+ 114+ 3304 2222 732 as
o5 o4 o gt 05" oz 1% o5 s
Cucneeve Moth BD 12 424 4% 11+ 6.1 £ 0 48.5 + A 22+ SAE:05 403 1RE+ is 3
coitred m™ s R o oz e Y nE* m1= ¥
Stosmack £ 11Y 163+ BZ 176+  =LOD T £ LT ES wa+ 25202 197 T4 a1
o2 oz n.g o1 3= n1= 0.3 3 o
Inteaine L0 41+ 45 108+ =<LOD B 1 154+  <LOD 62+ 38+ 122+
1.0 s [l [ 2= [T 01~ o2 oz

<L below the limit of detection (2 Log CFU/mL) Pl-cFDA 4 non-permeabillized cells with enzymatic activiry; PI

+ cFDA b permeabilized cells with enzymatic

activity; Pl + cF[}-: permeabilized cells without enzymatic activity. A - C Different saperscript capétal letters in the same row indicate a significant difference (p <
0L05]) between sizes of cell sabpopulation for the same step of the digestion and strain), based on Tuloey s test; a - o2 Different supescript lowercase letters inthe column
denote a significant difference (p < 0.05) between the viable cell counts or sizes of cell subpopulation at distinct digestion steps for the mme sample, based an Tukey's

Eest

procyanidin B1, and cis-resveratral, while for ABTS results (r > 0.70)
were with the contents of cis-resveratrol, caftaric acid, and chlorogenic
acid (Fig. Ze).

4. Discussion

The results showed that FDBR and FDBSL are distinct regarding the
contents of some nutrients and bicactive compounds probably because
these materials were produced from different red beel anatomical paris.
Red beet root typically has higher contents of sugars and betalaing, while
the beet aerial parts (stem and leaves) have higher contents of phenolic
compounds (Sawicki et al, 2016, Takics-Hajos & Vargas-Ruboczki,
2022, which agreed with the results of this study. The presence of
pectin and soluble and insoluble fbers resistant 1o digestion and ab-
sorption in the human small intestine, as well as phenolic compounds,
characterizes FDBR and FDBSL as energy source substrates for intestinal
microorganigms {de Oliveira e1 al., 2020; Zhang e al., 2022). High
contents of todal dietary fiber, particularly insoluble fiber (=75% of the
total dietary fiber), were reported for red beet bagasse (Horchkise eqal,
2022) and red best husk (Seremet er al., 2020). Red best pectin, con-
sisting mostly of arabinose and galactose-rich pectic oligosaccharides, is
a predominant polysaccharide in the beet fiber composition (Horchkiss
el al , 20ET).

The probiotics L. acdophilis LA-DS, L casei L26, and L. fermentisn
296 kept high viable cell counts during 72 h in media with FOBER, FDESL,
and FOS, indicating the use of these substances as a sale carbon souree 1o

maintain the probiotic growth over time. Although the media with FOER
and FOS had a decresse in pH values during the measured cultivation
pericd, the medium with FDBSL kad Linle pH variation over time. Thess
results could indicate the eapability of FDBSL 1o buffering the pH of the
cultivation media. Early studies reported high viable cell counts of
L. acidophilus and L catei (=8 log CPU/mL) and a small reduction in pH
values in beet juices during 72 h of fermentation (Malik e al, 2019).
The incorporation of sugar beet pectic polysaccharides into a laboratory
medium also increased the viable cell counts of Lacrobacillies and Bifi-
dobocterium over tme (Gamez et al., 20019)

The cultivation media with FDBR and FDBSL showed positive pre-
biotic activity scores on L. ocidophilus LA-D5, L cosei L26, and
L. fermemtum 206, indicating their ability o stimulate the growth of
probiotics rather than enterie pathogens (Masa el al., 2020 Yu e al.,
2022). However, the media with FDER and FDBSL had different prebi-
otic activity scores on the examined probiotics. It could be due 1o the
differences in nutrients available in the cultivation media for use by the
inoculated probiotics, as well as 1o a grain-dependent effect. The pres-
ende of absence of specific genes in different Lactabacillis strains directly
affects their metabolic diversity and, consequently, their ability o use
certain nutrients, generate metabolites, and growth behavior in a
cultivation medium (Moumita & Das, 2022 Okoye e al., 20220

The decrease in glucose and fructose contents in parallel 1o the in-
creade in the viable cell counts of the examined probiotics in the media
with FDBR and FDBSL during the measured cultivation period indicares
that the consumption of these intrinsic sugar and fiber sources promotes
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Tablke & Table & (contimued )
Comtents af phenalic compounds (mg/L, average = sandard deviation, o = 3)
and antiaxidant activity of freeze.dried red beet root (FDBR) and freene-dried :_w.h‘”&u mmpounds  Substrate  Digedion dep
red beet stems and leaves [FDBSL) when exposed to simulated gastrointestinal Mamth Roamach Einsing
cooelians. ti-Reseramrol FIER LoD [ EPS [T EPS
Phenolle eompounds  Substmite  Digestion mep N E':'j:'i ﬁ_
(g1 Muth Stemach Isestine oozt Qo™ ozt
Antioxidans sctiviy (%)
Phenolic acids
Caltarie acid FDER 096 + 1732 092 + DFEd PHIEE] BAE & $= -
n.oat nost ooz 3-5:.? N e ; N
FDESL 280 + 631 + 16T + oz azt oz
il ™ ol ABTS FDER 5RE [= R 545+
Gallic acid FIDER 365 & 0.1 LD oz st oz
os™ mog
FOESL 1611 + 1058 + <Ly FoEsL :';f ;l;: $=
0 mos™
Syringic acid FDER 5-52: D-‘ﬂnf D'm.-j « LOx: below the limit of detection. A - C: Different superscript capital letters in
oo boa oo the smme row indicate a significant difference (p < 0L05) betwesn the contents of
PR, :i,j :z,j :;“,_* the same phenolic campound at different steps of the simualated gastraintestinal
Caffele peid FDER 16 & 0I5 & 096 + dlguﬁumbﬂsdmﬁigylshﬂha;h:hiﬁﬂmtmuﬂiptlﬂnml:ﬂasi}:
oa™ n0a™ oo™ the colamn dencie a significant difference (p < (LO05) for the same phenolic
FOESL 016+ n15 + 008 + compounds in different samples, based oo studenis” ttest or Tukey's test.
o™ moa™ oo™
Chlomgeniz scid PO e u$ D'x,: adecrease in the pH and the production of organic acids, including SCFA
o o e el (Massa et al, 2020). Pamicularly, the productinn of SCFA (namely
O o noas® acetic, propionic, and butyric acids) from fber degradation and meta-
Rlavonals balism by beneficial intestinal microorganisms (including lactobacilli) is
Catechin FDER ﬂ@ 1.05 & D-$ the main energy source for colonic epithelial cells, besides affecting
{lm- . ?g‘: 5:'21-1 . directly the proliferation of enteric pathogens sinee the acid accumula-
e P Ppere tion inhibit acid-sensitive pathogens (de Bellis et al., 20215 Suisa ot al.
Epigallovates hin FDER 16 + oA+ m13 + 022y
pallate moa™ oot o.0a™ In addition 1o producing energy, the oxidation of carbohydrates
FOeRL ::‘: :ﬁ; ::"12; during fermentation generates lactic and acetic acids as the main end-
Eplestechin FOER L6 - AT - p— products, which can be transformed into other organic acids by intes-
T T o= tinal bacteria (Suiss er al, 2022). The higher lactic acid contents in
FDBESL o £ oI+ 035 + media with FDER inoculated with the examined probiotics at 24 h of
L5 o1t B2 cultivation compared o medium with FOBSL probably eccurred becauss
Epicatechin gallae FuER :i * Lon s af the higher contents of glucose and fructose available in the former. An
FDESL 1.06 + 051 + 037 & early study reported increagsed production of SCFA, especially propionic
nm® nom® noa® and butyric acids, during a feecal fermentation of beet leal extract eap-
Presyanidin AT FDER D.-ﬂ::: D.d!-‘: D'“.-: gules (Aguirre-Calvo et al., 20200
?-}'a Eﬁ EL'-:'{ The viable cell counts of the probotic straing correlated positively
nﬁns“: nms‘: n:ns": with the contents of Lactic acid, SCFA, and phenolic compounds (namely
Preeyanidin B1 FLEE BS5 + 302+ 44 + gallie acid, kaemplerol 3-glucodide, and myricetin), while correlated
o7 n.og oozt negatively with pH values and glucose contents in media with FDOBR and
FDESL :i: :iﬂ: :;__: FDBSL. These results could be linked to the ability of the inoculated
P a2 — g i TaED L probiotics 10 metabalize carbohydrates with the production of organic
) B1e Bos™ . acids and the reduction of the pH in the cultivation media. Some pro-
FIESL 16.56 + 16.27 + 18,35 + biotic lactobacilli can cause the interconversion of phenolic compounds,
mo oo™ 006 which could be associated with the alterations in the contents of some
Knemplrol 3 gimcoslde:  PUER <LOG <LC <LOG phenolic compounds in media with FOBR and FDBSL {Cui & Qu, 2021).
L ;i;l* ;-::‘: ;_'1[";3 * FDER and FOBSL have phenolic acids (e.g., gallic acid, caftaric acid,
Quescitin I glucaside FDER m15 + B3+ 10D and chlorogenic acid) and Navonoids (e.g, kaemplerol 3-glucoside,
mOz* [ procyanidin Bl, procyanidin B2, catechin, epicalechin, and epi-
FDESL lﬁ; Eﬁ 052 & catechin gallate) stimulatory to probiotie growth (de Seuea e al, 2019
_— — :J.m :Lm :f;n Gomg et al, 2020). Some lactobacilli can de-carboxylate, de-esterify,
FDESL 033 + 146 + 052 + de-methylate, and de-glycosylate phenolic compounds with the pro-
moat noe* n.oz® duction of bioactive derivatives (Li el al., 2019), The decrease in the
Mysicetin FDER LoD 14+ 0D contents of some phenolic compounds in the cultivation media with
0.01* 0.0l FDER. and FDBSL could result from their degradation by the inoculated
FDESL 18 + 024 + 053 + iotic steains
moa® oo™ noah pro - :
PR The increase or decrease in the contents of specific phenolic com-
Hespeesidin FLBR 10 + 208 + 1.08 + pounds varied with the examined probiotic strain and fermented red
oo™ o5 oz best substrate. Phenolic compounds are converted into specifie biose-
PO ::ﬁ_* ii; ig: tive metabolites depending on the metabolic pathways used by specific
P bacterial strains. This conversion is influenced by the substrate

composition, which affects the metabolic pathways and biochemical
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rransformations during fermentation (Morais et al, 2019). An early
investigation reported allerations in red beet phenolic profile during a
spontaneous fermentation, with an overall reduction in the contents of
phienolic acids and free flavonoids, and an increase in the contents of
free phenalic acids and conjugared favonodids (Plaiose eq al., 20200

The efficacy of probiotics could be improved when these microor-
ganisms are incorporated into some food matrices sinee the interactions
with food components protect microbial cells as they pass through the
gastrointestinal ract (Fioceo et al., 2020 Lillo-Pérez et al., 2021 The
maintenance of the viability and the proper release of the probiotic cells
through the gastrointestinal iract are impartant to reach their beneficial
effects an the host (Panghal er al., 2019; Sampaio et al., 2021). FDBR and
FOBSL provided protection to L acidophils LAOS, L coel 26, and
L fermemntum 296 during exposure (o the SGIC, with viable cell counts of
>3.5 log CFU/mL after expodure lo the intestinal step, which were
higher compared 1o the negative control. Similar results were reported
for L. poracass LS14 in soy protein isolate hydrogels and sugar beet
pectin (YVan el al, 2021), L cosel in coffee kombucha (Bueno e al.,
2021}, L. fermenum 296 in nutraceutical formulations (Sampaio e al,
2021), and L. fermentiene 139 and L. fermentum 263 in apple and orange
Juices (Rodrigues et al., 2022) exposed o SGHC.

The high acidity in the gastric environment and the high concen-
wration of bile salis in the proximal intestine are the main factiors
alfecting the survival and functionality of probiotics aller ingestion
(Sampaio et al., 2021). L. acidophilus La-05, L. cosei 26, and L fermentim
296 kept high sizes of cell subpopulations with physiological function-
alities during exposure 1o the SGIC in the presence of FOBR and FDBSL.
These cell subpopulations kept their viability with eytoplasmic mem-
brane integrity and presence of functioning enzymatic/metabolic ac-
tiwities up 1o reaching the imestinal step. It indicates the efficacy of
FOBR and FDNESL to provect the tested probistic strains from cell damage
and functionality loss caused by the harsh conditions found in the
gastrointestinal tract. The high contents of dietary fibers and phenolic
compounds in FOBER and FOBSL could protect probiotic cells from acidic
conditions, hydrolytic action of digestive enzymes, antimicrobial and
detergent-like properties of bile salis, and osmotic restriction during the
gasirointestinal tract passage (Fioceo el al, 2020: Lillo-Pérez o1 al,
2021}

Relevant sizes of cell subpopulations of the tested probiotics were
characterized as having permeabilized eells with enzymatic activity (0.
e, injured cells) during the exposure 1o the SGIC in the presence of FDBR
and FOBSL. Cells with these characteristics are called VBNC (viable but
non-culiurable) (Rodrigees e al, 2022), The damage occurring in these
cells makes it impossible 1o enumerate their colonies in a solid medium,
although they still preserve active metabolic characteristics associated
with viable cell functiondng (Rodrigees et al., 2022 Fhang et al., 2021).
It eould reinforee the protective effects of FOBR and FDBSL avoiding the
inactivation of the probiotic cells since probiotic nonculiurable cells
could keep several characteristics of living cells and provide health
benefire 1o the bost (Howarth & Wang, 2013; Rodrigues el al., 2022).

The antioxidant activity of a food matrix is a consequence of the
combined contribution of several antioxidants. Some of these antioxi-
danits, such as phenolic compounds and pigments, are released from the
food matrix during the gastrointestinal tract passage. This release oocurs
due to direct solubilization in the intestinal fluids and the action of
digeative enzymes o produce compounds more accessible and available
for absorption (Ketnawa et al, 2021). The contents of the phenolic
compounds and the antioxidant activity of FOBR and FDBSL were
altered during exposure 1o SGIC. Stll, the contents of some phenalic
compounds and the antioxidant activity of FDBR and FDBSL correlated
positively during the exposure (o SGIC.

FDBR and FDBSL had the highest antioxidant sctivity in the stomach
glep. The contact of FDBR and FDBSL with an acidic condition and en-
zymes (e.g.. pepsin) in the stomach could degrade the matrix and release
some antioxidants, swch as phenolic compounds, flavonoids, and beta-
lains, and, consequently, increase the antioxidant activity
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(Gomez-Garcla o al., 2022 Wang et al., 2] I riem, the highe:' pH
couild be linked o the reduced antioxidant activity of FDBR and FDBSL
in the intestine step since phenolic compounds are sensitive 1o a dightly
alkaline environment (Wang e1 al_, 2020). Additionally, the co-digestion
of dietary fibers and phenolic compounds causes interaction and asso-
ciation between them in the digestive wact, affecting their bio-
accessibility and bioactivities (Jakobek & Matié, 2019, 20019 Coepo
el al., 2020) Early investigations have reported similar results for
home-processed red beetroot (Guldiken e al, 2016), beet jam (Wang
el al, 2000), encapsulated leaf extract (Aguirre-Calvo et al., 2020), and
redl beet J1.IJI:E [(Desseva e al., 2020).

The maintenance of the antioxidant activity of FDER and FDBSL
during exposure o gastrointestinal conditions could be a result of the
interactions between phenolic compounds and betalaing, which could
protect the gastrointestinal tract from oxidative damage (Wang et al.
2020}, as well as decrease the damage caused by the oxidative stress on
the probiotic cells when exposed 1o this environment, helping 1o keep
their viability and functionality (Malik e al., 2019)

5. Conclusion

FDER and FDBSL have varying contents of insoluble and soluble -
bers, pectin, betalaing, and phenolic compounds, which could stimulate
selectively probiotic lactobacilli. These stimulatary effects resulted in
increased probiotic wiable eell counts, production of health-related
metabolites, and alterations in the contents of phenolic compounds
over time. The high viable cell counts and abundance of metabolically
active cells of the examined probiotics when exposed 10 SGIC in the
presence of FOBR and FOBSL indicate the efficacy of these materials to
protect probiotic microorganisms from the harsh conditions during the
gastrointestinal tract passage, helping 1o keep their viability and fune-
tionality upon reaching the intestine 1o exert their beneficial effects on
the host. Changes in the phenolic profile and antioxidant activity of
FDBR and FDBSL during the exposure o SGID provide evidence aof the
interactions between probiotics and bicactive rich matrices, affecting
their health-related properties. Both the conventional edible part and
the by-products of red beet are sources of ingredients with stimulatory
effects on probiotics and possibilities o be exploited in the formulation
of functional foods or dietary supplements in the view of a whole
valorization of & wegerable with high production and consumption
worldwide.
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ARTICLE INFO ABSTRACT
Keywerde This study investigated the effects of freeze-dried red beet root (FDBR) and freeze-dried red beet stem and Jeaves
Bent (FDBSL) on target bacterial groups and metabolic activity of human colonic microbsata (n Wiro, The capability of
Gee miczohiota FDBR and FDBSL 10 cause alterations in the relative abundance of different selected bacterial groups found as
:‘d"",'“"M part of human intestinal microbsota, as well as in pH values, sugar, shortchain fanty acid, phenolic compounds,
Fanctions! foed andanmndanxcapadn waenalnncddnﬂngdﬂhn(m virro colonic fermentation. FDER and FDBSL were
b d 10 I and freeze-dried prioe to use In colonic fermentation. FDBR and
FDBSL overall ‘lhe 4 bund. of Laceobacilius spp./Enterococcus spp. (3.64-7.605%) and Bifi-
dobacrerium spp. (2.76-5.78%) and d d the rel bunda of Bocreroldes spp/Prevosella spp.

(9.56-4.18%), Clostridiam hissohyricum (1.62-1.15%), and Enbocrertum recrole/ Closoridisem cocceddes (2.33-1.49%)
during 48 h of colonic fermentation. FDSR and FDBSL had high positive peeblotic indexes (>3.61) during colonic
fermentation, indicating selective stimulatory effects on beneficial intestinal bacterial groups. FDER and FDBSL

Increased the metabolic activity of human colonic miécrob vidi d by d d pH, sugar consumption,
short-chaln fatty acid prod | in phenols pound ¢ and e of high antiox-
mucq)xltvdwtngmlonu The results indk that FDBR and FDBSL could induce beneficial
in the comp and bodic activiry of human Intestinal microbloca, aswenns that conventional
and uncomventional red beet edible parts are candidates to use as novel and ble p gredi
1. Introduction Viarela, 2020). However, red beet root crops and processing generate

high amounts of waste in the form of stalks and leaves, which are safe for
Red beet is the major globally cultivated vegetable and is attractive human consumption and have several nutrients and bioactive com-

for consumption due to its sweet taste, nutritional characteristics, and pounds (Biondo et al., 2014; Oliveira, 2023),

technological applications of betalains pigment ((hhikara, Kushwaha The beneficial eﬂ'cct: oflai beet on health are mostly linked to its
Sharma, Gat, & Panghal, 2019; Oliveira, 2023). The conventional edible high ¢ of and insoluble fibers, pecting, betalains, and
part of red beet is the tub root ¢ d as a vegetable or pro- phenolic compounds, especially phenclic acids and flavonoids, which
cessed to produce juices, powder, pickles, and extracts (Ceclu & Oana confer high antioxidant, anti-inflammatory, and chemopreventive

* Corresponding author at: Universidade Federal da Paraiba, Centro de Clencias da Sadde, Departamento de Nutrigao, Campus 1 - Cidade Universitaria, CEP:
58051-900 Jodo Pessoa, P, Brazil.
E-mafl address elsi academior i (EL de Souza).
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properties. Bed best consumption has besn associated with positive
impacts oo gastrointestinal and cardiovascular systems and endurance
exercise performance, offering a source of high-valee compounds for the
food indunstry (Babarykin et al., 2019 Domingueez ot al., 2030 Oliveis,
H20L

There has been continuning mterest in the fiood industry to identify
new matural scurces of bicactive componemts capable of promating
health, besides having potential added value technological applications
(Ghesempowr et al, 2030). In this perspective, the investigation of
components with prebiotic properties, i.e., substrates celectively wtilizad
by host microorganisms conferring a health benefit (Gibson, Hutkins,
Sanders, Prescott, Beimer, Salminen, & Redd, 2017), in complex food
makrices as well as in food by-products notably rich in fibers and
phenolic compounds has been a ressarch focus (Awasthi er al,, 2022,
Blamea et al, 2022; Silva et al., 20235). Prebiotic substrates traditionally
refer to non-digestible carbohydrates. However, other classes of =sub-
stances, incloding phenolic compounds, have been shown to exert this
functiom [Gibsom et al ., 2017; Mazsa =t al., 2022). Becent sodies have
pointed out the effects of non-digestible fermentable crbohydrates,
phenolic acids, and betalains found in red beet root on intestinal mi
crobial populations, emphasizing the possible beneficial impacts of this
vegetable oo intestinal and systemic health (Capper ez al,, 2020 Ol
veira, 202% Wang, Do, Marshall, & Boesch, 20X3)

Although different experimental protocols have been proposed to
investigate the effects of foods or food ingredients as prebiotics on
human intestinal microbiota, validated i vitro protocols using human
feces as inoculum are simpler and reproducble systems, allowing the
study of their fermentation and impacts on intestinal microbiota
composition and metabaolite prodoction (Menezes er al, 2021
Furthermore, the use of pooled human fecal inoculem to ferment these
substrates enables the redwuction of inter-donor variability by having a
muore homogeneous and balanced mixture of intestinal microbicta
(Aguirre, Ramiro-Garcia, Koesen, & Venema, 2004; de Carvalhe, Ol
veira, Dib Saleh, Pintado, & Madureim, 20211 The flunrescence i st
hybridization couplsd o flow cytometry (FISH-FC) techninque is bassd
on the use of fluorescent probes desigoned for specific bacterial groups,
species, being successfully nsed to measure alterations in the abundance
of several bacterial groups considered az the main fermenting and
representative of the haman intestinal microbicta, including Loctoba-
cilles spp. /Enferococcrs spp., Bifidobocteriom spp., Bacteroides spp./Pre-
votella spp., Clostridium histolytiosn, and Eubactenen rectale /' Clostridium:
coccoides as target bacterial groups (Albsquemue, Magnani, Lima, Cas
tellang, & de Sousa, 2021 Macédo et al, 202%; Mass et al, 20232,
Menezes et al., 2021; Medeiras et al., 2021; Sampado et al., 2022a; Wang
et al., 2030), and being recognized as an effective technigue to indicate
patential impacts of prebiotic candidates on human intestinal micro-
biota composition (Sampaio, Nascimentoe, Garcia, & Sous, 20226,

However, integrative investigations to evaluate the fonctional
properties and the impacts of conventional {root) and unconventional
[sem and leaves) edible red beet parts an human intestinal microbicta
aligned with a sustainable and ciroular agro-food perspective are stll
scarce. Therefore, this study investigated the effects of root and stem and
lezves of red beet an the relative abundance of target bacterial groups
and metabolic activity of human intestinal microbiota during an in vitro
colonic fermentation using a pooled human fecal inoculum to envisage
thesir potential use as novel prebiotic ingredients.

2. Materials and methods

2.1, Preporation of red best samples

Roots, stalks, and keaves samples of red beet (Bato wigoris L., eardy
wander cultivar) were obtained from three different suppliers (10
samples from each supplier) in local agroscalogical markets (Joao Pes:
soa, FH, Brazil), washed with nonming potable water and snitized with
sodium hypochlorite solution (150 ppm, 15 min). Roots, stalks, and

Foodd Riwearch lniermaional 171 (2053) 112006

leaves were processed with a domestic electronic processar (1.2 mm
grater disc), frozen (~18 £ 2 °C, 24 h), freeze-dried (-85 = 2 °C,
<138pHg, 1| mmyh, 24 h) with a bench-freezedryer (moded L-101,
Lintop, Sao Carlos, SP, Braxil], sieved to obtain a powder {(particle size <
1 mm), packed in Bminated metalized bi-axially ofented polypropylens
bags, and stored ander refrigeration (4 + 0.5 “C, maximom period of ane
manth) (Oliveira, 2023 Massa =t al., 2022} Fresrs.dried ned best maot
(FDOER) and freexe-dried ned beet stalks + freeze-dried red beet leaves
(FDBSL; I:1, w/w) were tested sepamately in the experiments. The
physicochemical characteristics of FDBR and FDBSL examined in this
study were previously reported [(Oliveim, 20275), standing out for their
high coatents of miluble and insoluble fibers, betalains, and a variety of
phenalic compounds.

2.2 In witro digestion of FOER and FDRSL

FOBR and FDBSL were submitted (10 g diluted in 50 mL of sterile
distilled water) separately to an ia wiro gastrointestinal digestion usng a
well-known validated protocol {Albuguernguees et al., 2021; Mass et al.,
20X, Menezes et al.. 2021) simulating the different compartments af
the human gastromtestinal tract, i.e., mouth (3.33 mg of e-amylase in
1L.04 mL of 10 mM CaCly, pH 7, 130 rpm, 30 min], stomach (.45 g of
pepsin in 4.16 mL 10 mAf HCL, pH 2-2.5, 130 rpm, 120 min], and in-
testine (.58 g of bovine bile salts and .93 g of pancreatin in 208 ml of
0.5 M NaHCOy, pH 6.5-7, 45 rpm, 130 min) to obtain materials like
these reaching the human colon. Mechanical crbital agitation simulated
the peristaltic movements. The temperature was controllsd and adjosted
o maintain at human temperatare (37 + 0.5 °C)L. Alterations in pH wene
performed u=ing 0.5 M NaHOO, or 0001 &M HCL

The suspensions containing the final digestion phase were dialyzed
{1 kDa nominal maolecular weight cuteoff, Spectra/Por 6, Spectrum
Europe BV, Breda, Netherbands) with 0.01 mol/L NaCl (5 £ 0.5 “Ch o
eliminate low molecular mass digestion products. After 15 h, the dialysis
fiuid was replaced, and the process cantinued for an additional 2 h. The
dialyzed material was frozen (- 18 “C), freeze-dried, and stored (5 +
0.5 “C) in hermetically s=aled polyethylene bags for a maximum period
of four weeks (Guergoletto, Costabile, Flores, Garcia, & Gibson, 2006).
The cellubose dialysis tubing, enzymes, bile salts, and reagents were
parchased from Sigma-Aldrich (St. Louis, MO, USA).

2.3 Fecal sample preparastion

Considering the requirements of the Matonal Health Council {Res-
olution 4466, 2012), this stwdy was approved (protocol number
4.251.958) by an institutional ethics committes for research with
human beings (Federal University of Paratha, Joso Pessoa, PE, Braeil).
The fiecal samples wene obtained from four healthy adult volumtesrs (bwo
men and two women, 18 to 4 years ald) dedlaring eating an ommoivo=
rous diet, having unprecedented large bewel disese, Dot using
canrentrated probiotics or prebiotics, and oot using antibiotics or any
ather controlled medication for at least six months priar to collection
{Albuguergue e al., 2021}

Fresh fscal samples were collected in sterile tubes armangesd in an
anserobic far containing an anserohiasis generator system (AnasroGen,
Omoid, Basingstoke, UK), mixed (1:1:1:0, w/w), dilabed (110, w/v)
using a reduced physiological salt solution (0.5 g/L of cysteine-HCl +
8.5 g/L of NaCl; Sigma-Aldrich), homagenized (2 min, 200 rpm], fltered
using sterile triple-layer gauze, and kept (37 £ 1 °C) under anserohiosis
{AnaeroGen) for immediate use in the colonic fermentation (de
Andrade, Silva, Costa, Veiga, Costa, Ferreira, & de Gongabees, 3020

Massa et al., 20230

2.4, Colonic fermentation systerm

The codonic fermentation system was composed of 408 (vi/v) of the
fermentation medivm [4.5 g Nall, 4.5 g KCL 1.5 g NaHOOy, 0069 g
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Mgs0y, 0.8 g Loysteine, 0.5 g KHaPOy, 0.5 g KaHPOy, 0.4 g bile =alr,
008 g CaCly, 0.005 g FeS0,, 1 mL Tween 80, 4 mL resizarin solution
(0.25 gL, as an anaerobic indicator) and 1 L of distilled water] auto-
claved (121 “C, 1 atm, 15 min), 40% {v/%) of the poolsd human fecal
inooulum, and 3P& (v/v) of the digested FDER or FDBSEL in sterile
phosphate-buffered saline (0.1 M FBS; pH 7.4) under a density of 0.11
(Menezes =t al., 2021 ). The fermentation system underwent pH adjust-
ment to &8 wming 1 M NaHODy to simulate colonic conditions and was
kept (37 =+ 1 “C, 48 h) under anaerobiosis (AnasroGen). Fermentation
medium containing the well-known prebiotic fructooligosaccharides
[(POES; 3P4, wv] and with no substrae added were incloded in the
experiment as positive and negative comtrols, respectively (bass et al,
202Z). Ingredients to prepare the fermentation media were purchasad
froen. Sigma-Aldrich.

An aliquot (375 pl) of each medium collected at zero (immediately
after homogenzaticn of the fermentation medium companents), 24, and
48 h of colonic fermentation were fixed overnight (4 + 0.5 “C) with
fltered paraformaldebyde (4% wv, 1.125 uL), centrifisged (10,000g, 5
min, 4 “C), and washed two mes with sterile FES (1 mL, 1 M, pH 7.0
The celdl pellet was resuspended in PBS-ethanol 99% mixture (1:1, 300
ul}, filtered {(0.45 pm pore cize filter, Whatman, GE Healtheare, Chicaga,
IL, USA), and stored (—20 “C) until used for hybridization (Albsguergue
et al., 221; Menezes ot al., 20217,

The fluorescent in situ hybrdization technique was performed far
four b using fve commercially synthesized oligonocectide prabes (Lab
158, Bif 164, Bac 303, Chis 150, and Erec 482) designed to target spe-
cific regions of 165 rRNA gene and labelsd with the fluorescent dye Cy3
[ SigmaeAldrich) using bybridization conditions described in Takle 1. An
aliquot (10 pL) of fAxed cells was resospended in FBS (190 ul, 0.1 M PBS,
pH 7.4} and repeated centrifugation, washing, and buffering procedures
were performed as previously described (Massa et al, 2022; Albe
quergue =t al., 2021, The samples were treated with hsozyme (1 mg./
mL, 10 min, 25 = 0.5 “C) under light protection to permeabilize cells far
use with probes Lab 158 and Bif 164. SYBR Green staining (Molecular
Probes, Invitrogen, Cardshad, CA, USA) was used to enumerate the total
bacterial population (Conterno et al., 2005,

Multiparametric flow cytometry measurements were performesd
u=ing a flow cytomester {BD Accuri C6, ED Biosciences, East Rutherford,
K1, USA). The fAuorescence signals were collected with FL1 (SYBR
Green]) and FL2 channels (Lab 158, Bif 164, Bac 303, Chis 150, and Erec
482). Sample soquisition was performed at a low flow rate, 2 threshald
level was s=t for a forward scatter (FSC) of 30,000, and a togal of 10,008
events were collected. Channel compensation eliminated false positive
results (awtoflucrescence). Fluorescence emision  cytograms  were
recorded with BD Acoari C6 Software (BD Biosciences). Results were
expreszad as relative abundance (percentage) of cells hybridized with
each bacterial group specific Cy3 probe (fluorescent events) in relation
to total bacteria enumerated with SYBR Green staining (Albogquergue
et al., 2021; Medeiros et al., 2021

26, Determination of prebiotic index disring colonic fermennmtion

After calculating the relative abundance of each | bacterzal
group, the prebiotic index of FDBR, FOBSL, FOS, and negative control
was calculated vsing the squabion (Albaguenguee et al., 2021k

& Bac ~ & Chis

Prehiogic index = %Laob -+ %Bif %Erec (1}
where Slab is the percentage hybridized for Lab 158 at 24 or 48 h -
percentage hybridized at time zero; %Bif is the percentage hybridized
fior Bif 16 at 24 or 48 h - the pereentage hybridized for Bif 164 at time
zern; % Bac is the pereentage hybridized for Bac at 24 or 48 h - the

Feud Rimoarch duematienal 17) (30010 12008

percentage bybridized for Bac 300 at time zero; %Chis is the percentage
hybridized for Chis 150 at 24 or 48 b - the percentage hybridized for
Chis 150 at time zero; and %Erec is the percentage hybridized for Erec
482 at 24 or 48 b - the percentage hybridized for Erec 482 at time zer.
A positive prebiotic index indicates a beneficial balance of the intestinal
microbiota during colonic fermentation induced by the examined sub-
strate, resulting in a potential prebiotic effect. A negative prebiotic index
indicates an undesimble modulation of the microbiota by the examined
substrate (Albuguergue et al., 2021

2.7 Menswremenis of microbial metobolic actndty during colanic
fermentafion

The microbiota metabolic activity in media with digested FDBR,
FDBSL, FOS (positive control), and oegative control {medium with no
added fermentable substrate) was evaluated with messurements of pH
values and contents of sugars, SCPA (short-chain fatty acids), and
phenolic compounds at zero, 24, and 48 h of colonic fermentation. The
pH values (method 981.12) were measared with a digital potentiometer
{Quimiz, Diadema, 5P, Brazl) (ACAC, 2016} Contents of sugars
(glucose and fructoss]), SCFA (acetic, propionic, and butyric acids], and
phenalic compounds were measured with high-performance lquid
chromatography (HPLC) using an Agilent chromatograph (model 1260
Infimity LC, Agilent Technologies, St. Clara, CA, USA) coupled to a diode
array and a refractive index detector using analytical conditions previ-
ausly described (Olivedra, 2023), Data were processed with OpenlAB
CDS ChemStation Edition software (Agilent Technologies). The peaks of
the measured compounds wene klentified by comparing their retention
times with those of extemal standards (Sigma Aldrich) acoonding 1o
previously validated methods (Coslho et al, 2008; Padilha et al, 2007).
The limit of detection and limit of quantification of the measared
compounids are shown in sapplementary material data (Table 510

2.8 Mensrement of entioxidant capecty during colonic fermentation

The antioxidant capacity in media with FDBR, FDBSL, FOS, and
negative contral were measared with DPPH (2, 2-diphenyl-1-picrylhy-
drazyl}) and ABTS (22'-azino-bis{3-ethylbenzothizroline6-sulfonic
acid) methods at zero, 24, and 48 h of colonic fermentation. Samples
{005 ml) were reactsd in the dark with DPPH solution in methanal (0.1
mL], shaken wigorously, and left to rest (30 min). Measorements of
[¥'PH scavenging activity were performed at 517 nm. Controls wene
prepared with water to replace a sample. DPPH radical scavenging ac-
tivity (%] was determined osing the squation (Brand - Williams, Covelier,
& Berset, 1995):

DPPH radical seavenging activity (%) = [{ ABScontrol — ABSsample]|
S ABSzomtrol)| = 100 @
where ABSconirol is the absorbance of the DPPH mdial + water, and
ABSzample is the absorbance of the DFPFH radical + tested sample.
The ABTS mdical cation (ABETSs+} was generated with the reaction
af 5 mL of aqueous ABTS salution (7 mM} + 88 pb of potassium per-
sulfate solution (140 mM). The mixture was kept in the dark (14 b, 28 +
1.5 °C) before uge and dilwted with ethanol to reach an absorbance of 0.7
< (02 units at 734 nm. Tested sumples (0L05 mL) were allowed to react
in the dark with the resulting blue green ABTS radical solution (0.1 mL).
Decreaszes of absorbance at 734 om were messured after 6 min. The
percentage inhibition was calculated using the equation (Re, Pellegrini,
Proteggente, Fannala, Yang, & Rice-Evans, 1999):

ABTS radical scavenging activity (%) = [{ ABSconind — ABSsample]|

(30
SIABScontrol)| = 100

where ABScootrod is the absorbance of ABTS radical + water, and
ABScample is the absorbance of ABTS radical + tested sample.
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Tahle 1
Oligonuclentide probes and hybridizacion condirions wed in analyzes with foorecent in sine hybridizacion coupled 1o multipaametrie Sow cyiometry.
Probs Bascterial groep Gerrmelic: wegpaim Lysoryme Timnpserahun:
Lab 158 Locisbasi spp Fnderococou spp. GLTATTAGCAY CTGTTTONA + 50°C
Bif 164 Hifisdba e um app CATCOGGCATTACCADDE + 50°C
Baec 303 Bocteroidis spp CCAATOTGGEGEADCTT - 450
FPrevatala spp.
Chis 150 Clostridkum Aistobdicum TTATGOCG TATTAATCTYCCTIT - 5
Eres &2 Clinridky idi Euh riials GETTCTTAACTCARGTACOG - 50

2.9, Seanstical analysis

The experiments were performed in triplicate on three independent
occasions. The results were expressed as average = standard deviation.
The Enlmogorov-Smimov normality test was nm to check the data
naormal distribution. Data were submitted to Student's r-test or analysis
of variance [one-way ANOYA) followed by Tukey's test. Pearson's cor-
refation test asseszed the relationship among the relative abundance of
Lectobocilles spp./Enterococcus spp., Bifidobocteriom spp., Boctervides
spp./Prevotelle spp., C. Metolytcum, and E rectale/C. cocooides with pHl
vahees and SCFA contents. Principal component analysis (PCA) was rum
with data of the relative abundance of the measurad bacterial groups,
pH walues, SCFA contents, and prebiotic index at three distinct colonic
fermentation times (zero, 24, and 48 h). A povaloe of <005 was
considersd statistically dignificant. B software (version 2,153, Boss
Ihaka and Robert Gentleman, University of Anckland, New Zealand) and
GraphPad Prism 7.0 software (GraphPad Software, La Jolla, CA, USA)
were nsed bo run the statistical analysis.

3. Remlis

3.1. Relotive abundarce of targer bocteriol popidstions during colonic
[fermentntion

The relative abundances of the messured target buman intestinal
bacterial groups in media with FDBR, FDBSL, and POS (positive controd],
aswell as in the negative control during 48 h of colonic fermentation are
shown in Fig. |. Increases (p < 0.05) in the relative abundance of
Lactoborillus  spp./Enterococas spp. were found in the  different
fermentation media over time. The highest relative abundance of
Loctoborillies spp./Enterococcus sppe at 24 h was found in medium with
FOBEL (7.03 + 0.25%), followed by mediuvm with FDBR (591 +
0.12%), FOS (4.55 + 0.11%), and negative control (2,35 + 0.14%). The
highest relative abundance of Loctobacillis spp./Enferococas spp. was
found ai 48 h of fermentation in medium with FOBR (7.60 + 0.28%)
when compared to time zero, which was smilar (p = 0.05) to the
refative abundance found in medism with FOS (7.32 + 0.19%). The
relative abundance of all measured bacterial groups decessed (p <
L05) in negative control during colonic fermentation.

The relative abundance of Bifidobocrerizm spp. increased (p < 0L0S5)
in media with FDBR, FDEBSL, and FOS at 24 h of fermentation when
compared to time rero, while it increased in medium with FOBR only at
48 h of fermentation. Media with FOBSL and FOS had a two-fold in.
crease in the relative abundance of Bifidobacierium spp. at 48 b of
fermentation when compared to time zero. The highest relative abone
dance {p < 0.05) of Bifidobacterium spp. was found in medinm with POS
[B.47 =+ 0.31%) at 48 b of fermentation, followed by medivm with FDBR
(5.24 £ 0.27%), FDBSL (5.17 + 0.14%), and negative control (1.18 +
0.13%:)

The relative abundance of Bocteroides spp. /Prevedello spp. was halved
[4.18 £ 0.07%, p < 0L.05) in medivm with FOBSL ag 24 h of fermentation
when compared to time zero, reaching the lowest percentage. The
relative abundance of Bocteroides spp./Prevorella spp. was reduced (4065
+ 0.13%, p < 0.05) by more than half in medium with FOS at 48 h of
fermentation when compared fo time zero, bat it did not differ (p =

L05] in relation to mediem with FDBSL (4.27 = 0.18%). The relative
abundance (p < 0.05) of Bactercides spp./Prevotella spp. decreassd in
medium with FDBR (6.62 < 0.15%) at 48 h of fermentation, as well as in
negative control (9,15 £ 0.37%) at 24 h of fermentation.

The relative abundance of C histolyticum did not differ (p = 0.05)
during fermentation in medivm with FDBR (1.40 = 0.12-1.62 =
0. 16%), whil= it increassd in medium with FDBSL (1.37 £ 0.199%) and
decreass in medivm with FOS (106 £ 0.02%) (p < 0.05), which had the
lowest refative abundance at 24 h of fermentation. Negative control had
the highest reduction in relative abundance of C. histolyticum during
fermentation, reaching the lowest relative abundance (0,15 = 0.08%) at
24 and 48 h when compared to time zern.

The relative abundance of E rectale/C. coccoides decreased (p <
0.05) in medium with FOBR (1.60 + 0.13%) and negative control (212
= (L10%]) at 24 h of fermentation, while increased (p < 0L05) in mediom
with FOS (3.88 = 0.1634). The relative abundance of E rectale/C. coc-
coides increassd in mediom with FDBSL (3.77 + 0.17%) during colondc
ferm jon. The rel abundance of E  recicle/C.  cocooides
decreassd (p < LD5) in media with FDBR and POS as well 25 in negative
cantral at 48 h of fermentation, with the lewest (p < 0.05) relative
abundance being found in medivm with FDBR [1.4% + 0.13%) and
negative control (080 + 0.1%)

1.2 Mensuremenis of the prebiotic index during colomic fermentarion

Prebictic indexes calculabed for fermentabion media with FDER,
FDBSL, and POS, as well ax in the negative controd at 24 and 48 h of
calonic fermentation are shown in Table 2 Media with FORR, FOBESL,
and FOS had positive prebiotic indexes at 24 and 48 h of fermentation,
whils megative control had negative prebiotic indexes. The highest
prebiatic indexes were found for media with FDESL (7.92 + 0.23) and
FOS {794 + 0.41) at 24 b of fermentation. Medium with FOS (14,81 +
1.62) had a higher prebiotic index {p < 0.05) than medis with FOBR
(7.68 = 0.25) and FDBESL (5.62 + 0.32) at 48 h of fermentation.

3.3 Menserements of metabolic ooty durfeg colonfc fermentation

Media with FDBR, FDBSL, and FOS had a decrease (p < 0U05) in pH
values during 48 b of colonic fermentation, while negative control had
no change in pH valoe {p < 0.05) {Tabls 3). The lowest pH value (p <
0L05]) at 24 b of fermentation was found in medium with FOS (3.92 =
0.11), followed by media with FDBR (4.99 £ 0.11) and FDBSL (595 =
0.17). pH values were higher (p < 0L05) in media with FDBR (4.66 =
0.15) and FDBSL (5.57 + 0.13) than in medium with FOS (370 + 0.15)
at 48 b of fermentation. The highest (p < 0.05) pH value at 48 h of
fermentation was found in the negative contral (6279 & 0.22).

Glucose content decreased (p < 0.05) during 48 h of colondic
fermeneation in media with FDBR (0.79 = 0008 g/L) and FDBSL (0.04 +
0.0 g/L), while it was not detected in medium with POS (<LOD)
(Table 3). Pructose content was higher (p < 0.L05) during fermentation in
medium with FOS (12.20 & 0.21 g/1) than in media with FDBR (5.02 +
.16 g/L) and FDBESL {<LOD). Megative control had no change (p =
0.05) in glucose and froctose contents during fermentation.

Acetic ackd content increased {p < 0.05) overall during 48 h of
calonic fermentation, with the highest contents being found in mediom

106



SPA de Ofiweirs et al Food Revearch ntermational 171 (2023) 112908
_ Lab 158 = Bif 164
< g )
24 2 %
26" A'i < I Bb 2 agd Ce
il el o E6 Al Ill S
L FDBR FDBSL Fos Negative = FDBR FDBSL Fos Negative
E control é’ control
wmOh #24h md8h wOh =24 h wdg h
o Bac 303 Chis 150
g 10 210
8 8
g ‘(“ l i Im.i‘ § g Abc b (W
AL AnBEBb  CCAmBb  Bb
2 2 z Ad
- Si mER asm San .
§ FDBR  FDBSL -'( Negative Z FDBR  FDBSL  FOS  Negative
=) control % control
& =
mOh =24 wd8h mOh =24h w48h
_ Erec 482
2
o2
10
g BeBd  gRC th
<
4 Bugp A 'A‘
2: mam mill Nin T
2 FDBR  FDBSL  FOS  Negative
i control
®0h #»24h m48h
Fig. 1. bund. (CY + dard o n-!)ddﬂuutbuaﬂmhmdhwkhdlgﬂedfm—dﬂedmdbmmm stems and

mmmmwsmtmum-uw

control (without fe b
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158: Lacrobacillus spp/Ennerococcs spp.; Bif 164: Bifidebacterium spp.; Bac 303 Bacreroddes spp./Prevoeella spp.; Chis 150: Closridium hisolyricum); Erec 482
Clestridium rectafe. di

coccoldes/Exbacteriom

fermentation media denote difference (p < 0.05), based oo Tukey's test.

with FDBSL (0.99 = 0.11 g/L), followed by media with FDBR (0.62 +
0.03 g/L) and FOS (0.58 £+ 0.04 g/L) (Table 2). Propionic acid coatent
did not change (p > 0.05) in the different media at 24 h of fermentation,
except for a decrease in negative control. Propionic acid contents
decreased in media with FDBR and FDBSL at 48 h of fermentation.
Media with FDBR (1.63 + 0.13 g/L) and FOS (1.85 = 0.16) had similar
propionic acid contents (p > 0.05) at 48 h of fermentation. Propicaic
acid content decreased (p < 0.05) in negative control over time. Butyric
acid content decreased (p < 0.05) in media with FDBR and FDBSL at 24
h of fermentation, while increased (p < 0.05) in medium with FOS. The
highest (p < 0.05) butyric acid content at 48 h of fermentation was
found in medium with FDBR (0.42 = 0.03 g/L), while butyric acid
coatent did not differ (p > 0.05) in media with FDBSL (0.35 + 0.02 g/L)
and FOS (0.36 + 0.02 g/L). No alteration in acetic and butyric acid
coatent was found in negative control during fermentation.

A-C: Different superscripe capital Jetters for the same f
pertods denote differences (p < 0.05), based on Tukey's test; a-d Different superscript small letters at the same f

and b

d group at different fermentation

period and bactertal group at different

3.4. Changes in phenolic compound contents and antioxidant capacity
during colonic fermentation

High contents of catechin (5.10 = 0.18 mg/L), procyanidin A2 (1.21
=+ 0.14 mg/L), and procyanidin B2 (6.90 = 0.14 mg/L) were found in
medium with FDBR during 48 h of colonic fermentation, while high
contents of procyanidin A2 (3.73 + 0.22 mg/L), procyanidin B2 (1.47 =
0.16 mg/L), kaempferol 3.gluwcaside (3.25 = 0.21 mg/L), and cis-
resveratrol (1.10 £ 0.04 mg/L) were found in medium with FDBSL
(I'abie 4). The contents of catechin and procyanidin A2 increased in
media with FDBR and FDBSL during fermentation, while the contents of
caftaric acid, procyanidin Bl, procyanidin B2, kaempferol 3 glucaside,
and quercitin 3-glucoside decreased.

The media with FDBR and FDBSL kept high antioxidant capacities
during 48 h of colonic fermentation (Table 4). The highest (p < 0.05)
antioxidant capacity in medium with FDBR was found at 24 h of
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Tabie 2
Prebiotic index (mean + dard d n=-3) L ‘hmmmwmmmu«m(mmmmlmm(wx
and frucsooligosaccharides (FOS), as well as in the negative coatrol ( 1 b at 24 and 48 h of colonic fermentation.
Fermumtation mediem Preluotic index
24h 485
FDBR 361 2 002" 7568 = 0.25%
FLESL 7.92 = 0.23% 552 = 032"
FOS 704 = 041V 1481 + 162
Negative comtzol ~0.54 + 008" ~0.78 = 0.47*

A - B: Different superscript capital Jetters in the same row for the same fermentation media denote differences (p < 0.05), based on Student’s 7 test; a-
& different superscripe small Jetters In the same column at the same time interval denote difference (p < 0.05), based on Tukey's test.

Table 3
pH values and contents of sagars and shan chain fanty acld (SCFA; g/1; avenage = dard d. n- 3)mmmmammmmbmmm1.
stems and leaves (FDBSL), and fructoaligosaccharides (FOS), as well as In the neg coatrol (with ble substrate) at 2ero, 24, and 48 h of colanic
fermentation.
Pacameter Fermentation medium Time of fermestatios
oh 24h LTI
P voues
pH FDBR 6.90 = 0127 4.99 =o11™ 4.66 = 045"
FDESL 6.90 = 016 595 £ 017 557 = 043~
FOS 680 £ 0.00™ 392 :0n™ 370 = 0.a5™
Negative coatra 601 = 016™ 6.86 + 018 679 = 022
Sagers
Glacow FoER 7.95 + 0.5 275 = 014" 0.79 = 008~
FOBSL 0135 + o~ 0.05 = 001 0.04 = 001
FOS <100 <L0D <LOD
Negative contral 017 + o™ .15 + o™ 0.19 = 003"
Fruc i FDBR 7.66 + 0.3 650 £ 0™ 502 = 0.16™
FDEsSL 0.70 = 0™ 0.35 + 0™ <LOD
FOS 10.49 = 025~ 1L60 = 0.2~ 1220 = a21*
Negative coatral <10D <10D <LOD
SCFA
Acetic ncid FDER 0.52 = 0.08™ 0.52 = 03" 0.62 = 003"
FDESL 0.68 + 0.0~ 0.61 = 0.05™ 009 £ 0.1
FOS 0.36 = 0.04M 0.45 + 2% 0.58 = 004
Negative contrd 0.30 + o.M 0.35 + 007 0.59 = 0.06™
Propicnic acid FOER 321 £ 016™ 315+ 0™ 163 = 0.13%
FhBSL 279+ 013%™ 272 + 018%™ 0.75 = 008™
FOS L46 o™ 150 = 012 LAS = 0.16™
Negative control 1.34 £ 0.15% Q.82 + O04™ 0.67 = 003"
Butyric acd FDER 0.55 + 0.06% 0.24 = 0.00™ 0.42 = 003™
FDBSL 0.34 = Q2™ 0.24 + 02" 0.35 = 002"
FOS 0.23 = 0.01™ 0.28 = 0.3 0.96 = 0.02*
Negative contrad 0.21 = o™ 0.20 + 001 0.23 = 001™
<10D: bedow the limit of detection. A-C: Défferem superscript caplital letters in th row for th 1 dium denaote diffe; (p < 0.05), based on
Tukey's test; a—d: different superscript small ketters kn the same columa at a same time l and dp d difference (p < 0.05), based on Tukey's
test.
fermentation when measured by either DPPH (93.81 + 1.21%) or ABTS Pearson's correlation test showed that relative abundance of Lacto-
(8m¢ll§%)mmwwxom1mmaputym bacillus spp./Enterococcus spp. and Bifidob tum spp. correlated posi-
medium with FDBSL was found at 24 b of fi when mﬂy(pfowl)m&mlndaSGAcmmLmdumdut
by ABTS method (79.70 + 1.11%) and at 48 h of fermentation when capacity (DPPH and ABTS methods), while lated ly with
measured by DPPH method (90.70 + 1.76%). pH value (Fig. 3). Antioxidant capacity correlated pmnvely (p < 0.(!)!)
with SCFA while prebiotic index car neg ly (p <

. 3 0.001) with pH value and SCFA cantent.
3.5. Chemometnic analysis
4. Discussion
The PCA results located the media with FDBR, FD8SL, and FOS at 24
and 48 h of colonic fermentation in the upper quadrants with the higher
relative abundance of Lacrobacillis spp./Enterococcus spp. and Bifido- oo induced an increase in the relative abundance of Lactobacillis spp./
bacteritem spp., higher SCFA coatent, and higher antioxidant capacity Evﬁoma:us:pp andmnbmvmqrp.pwuhdmdwingcnbm:
(DPPH and ABTS methods) (Fig. 2). The negative contral at time zero, f dicating the availability of (c.; 1 ohik
24, and 48 h of coloaic fermentation was located at the lower quad R Mpedm.ﬂld PO nds) 23 o( Y
with lower results. - ¥ 2
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Table 4

Contents of phenolle compounds (mgeL) and anioxidant capacity (%) (average +
standard deviatiors o = 3) in media with digested freeze.dried red beet root (FOBR),

stems and leaves (FOBEL], and fnecnoolignsaccharides (FOS), a5 well as in the negative control (withom fermenable substrase) at zem, 24 and 48 h of oolonic
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fermentation.
Pheralic compeand (mgL) Fezrrerntation murdium
FOBER FESL
oh Hh a5k ok 24h a6k
Flwmalic acidy
Caflarie acid LS+ GOE™ B30 + GaE* 2 = ™ DI = BULE + G0 iR =+ Gk
Gallie acid 026 + Bos* <O <Ly 035 = Qs <100 < Loy
Syrimgie acid 013 + m0s™ W13+ ™ 10 =+ (L™ 0. = Dt <100 < Loy
Flmrak
Catechin 04l + mos* LOF + (L1 2™ 5000+ (L1E™ 0& = os™ 076 + 0.04™ 64 =+ (0™
Epigaliocatochis gallits <LOD <O < LDy < LoD 006 + 001 iR =+ ™
Epicitiniin 012+ ez 015 + G0l 024 = 4™ 03 = o™ 015 + aoe =Ly
Epicatichin pallali 037 = oo™ .20 = G0z = Loy 040 = oeg™ < 10D 057 = 0™
Procyanidin AT 073 + oE™ 375 + i L2 = 014™ 076 = ™ 366 + (.25 478 = (™
Procyandn Bl 013+ m0s™ AR T .10 =+ (O™ [T W7 + mO1™ 04 =+ uEE™
Procyamdn B2 R TN E oy .00 + 14 FRTIE Lo 1616 + B39 147 + B1E™ < Loy
Flommose
Hisperidin 10D <00 = Loy < LoD FLFES T O =+ O™
Flamrak
Kaemmpiizal Fgheoside R fuls] S fali] = Loy < LoD 325 £ 0.21"™ LET = Die™
Quercitin 3-ghacoidi LRk S fali] = Loy < LoD .16 + oo™ 0,04 = 0™
Hatin R fuls] S fale] = Loy < LoD S fuls] = Loy
el
Cis-Resviralzal 04T £ 008 <00 = Loy 057 = Q™ (INLES Ty 056 =+ (™
DPPH TLED = 1 8™ L RS ] HOOT = 2™ TAOD + B45™ A5 =+ 2 E™ 00 = 1L7ES
ABTS Tofab + 106" a260 + 1.15% B = 105 H110 + 131 Ted L™ B3 = LOE™

L0 bedon the limit of detection. A-C: different supersoript capil leners in the same row for the same fermentaton medium and phenalic compound or ant sxddant
capacity denote diferences (p - 0U05), based on Tuley's test or Stodent™s ¢ vest; a—e: different superscript small leners in the same colomn at a sme dme interval and
claz of phenolic compounds or antioaidant activity denote difference (p - 0U05), based on Tokey's test or Student’s es.

the colon to ke fermented by intestinal microbiota (Oliveira, 200275;
Zhang et al., 202Z)L Pectic polysaccharides from sugar beet pulp are
promising prebiotic candidates due to their reported capability of
modulating the intestinal microbiota (Gomez et al., 2019; Prandi et al,
200E; Yu et al, 2022). In addition te ooo-digestible carbohydmates,
phenolic compounds have shown growing evidence of their stimuolatory
properties on intestinal microbiota lnked to prebiotic effeces (Alves
Sanios, Sugizaki, Lima, & Naves, 2000; Massa ot al., 02X d= Souza, de
Albugquerque, dos Santos, Massa, & de Brito Alves, 201E)L

Bocterides spp./Prevotelln spp. was the bacterial group with the
highest population during colondic fermentation regardles of the
fermentable subsgtmate in the medium. These genera are part of the
phylum Bacterpidetes that together with Firmécutes comprise about
G of the adult human iotestinal microbiota (Gomez =t al., 2014;
Magpal et al, 201EL Bacteroides spp./Prevotella spp. degrade complex
carbohydrates, soch as pectin found inored beet parts, producing acetic
acid and mainly propionic acid (Diotallevd et al, 20210 Alterations in
the relative abundance of Bacteroides spp./Prevotella spp. were indoced
by FOER and FDESL, with a decrease at 48 h of colonic fermentation. It
oould be considered a positive effect since Bocteroides spp. Prevoiello
spp. are commanly reported 2= oppartunistic microorganisms and the
increase in their populations has been typically linked to undesimble
effects on cobon health, intestinal dysbiosis, and metabalic disorders
(Ujazovic, Amend, Galvez, (Miveira, & Strowing, 20210

In general, Clostridia is a class of bacteria considered harmful to
health (Lin, Kolida, Charalampopoulos, & Rastall, 2020). Decrease in

the relative abundance of C. histolyticeen and E. rectie/C. coceoddes in
medium with FDBER demonstrates that red beet moot is an ingredient
selectively fermented by intestinal microbiota. This could be justified by
the higher amounts of specific phenolic compounds (&g, eatechin and
precyanidin BX) and betalains in FOBR compared to FDBSL, as well as by
the lowering pH effect in the colonic fermentation medivm, which ane
limiting factors for pathogenic bacteria growth (Molinard, Merendino, &
Costantini, 2021; Oliveira Pilho ot al, 2022; Oliveira, 2023} Althoagh
the increases in G histolytiom and E reciele/C. coccoides populations
induced by FDBESL are undesirable, the positive prebiatic index found for
FDBSL indicates an overlap of beneficial bacteria mther than pathogenic
bacteria during colonic fermentation {Albugquergue et al., 20205 Massa
et al., 20X,

The prebiotic index has emerged as a valoable tool to putatively
indicate the potential prebiotic properties of different foods (Albu
querque et al., 2021; Medeinos et al., 2021; Owolabi, Dat-arumn, Yupan
qui. & Wichienchaot, 2020). Positive prebiotic indexes were found for
FDBR and FIHEL during colonic fermentation, which agrees with pre-
vigus én wire investigations showing that different anatemical red beet
parts stimulated selectively the growth of probiotics to the detriment of
enteric competitors [Oliveirm, 20275), FOBSL had a prebiotic index like
FOS at 24 h of colenic fermentation, although having a lower positive
prebiotic index tham FOBR and POS at 48 b of colonic fermentation. The
positive prebiotic indexes in media with FDBSL and FDER could be
linked to the most significant relative abundance of Leciobacillis spp./
Enirrococrus spp. and Bifidobacterium found therein, besides the lowest
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Fig. 3. G coefficients Inds the among the
abundance of distinct bacterial groups, cantents of sugars and short chain fatty
acids, and preblotic Index values in media with different red beet parts (FDBER
and FDBSL) and fructooligasaccharides (FOS), as well as in the negative contral
(no added fermentable substrate) at zera, 24, and 48 h of colonic fermentation.
The white cell repeesents no significant carrelation.

refative abundance of Bacteroides spp./Pr fia spp., C. histoly
and E rectale/C. coccoides (Medeirns ot al., 2021). Lactobacilfus and
Bifidobacterium species typically exert antagonist action against poten-
tially pathogenic bacteria due to SCFA and bacteriocin production, be-
sides competing for nutrients (Alves Santos ef al.,, 202% Vieco Saixetal,,

( of di | groups, of sugars

2019). These results could still be related to the presence of betalains
and phenolic compounds in FDBR and FDBSL with reported antimicro-
bial effects agains pathogens (Oliveira Filbo et al, 2022; Sadawska
Bartosz & Barosx, 2021), as well as of insoluble and soluble fibers,
pectin, and phenolic compounds that reach the colon as a substrate
selectively fermentable by beneficial microorganisms fuming lhe
human intestinal microbiota (Gomez et al., 2019; Massa et al.,
Lactobacillus spp./Enterococcus spp. and  Bifidobacterium spp. are
cansidered the major microbial targets for prebiotic action due to their
beneficial effects on intestinal health with systemic outcomes (Gibsan
et al., 2017; Sanders, Merenstein, Reid. Gibson, & Rut.ul 2019).

Glucase and fructose were bolized by i | microbiota in
media with FDBR and FDBSL to produce SCFA and decrease the pH
values during colonic fermentation [ Menezes et al,, 2021), as reinforced
by Pearson's correlation results showing a negative correfation between
pH values and relative abundance of Lacrobacillis spp./Enterococass
spp., Bifidobacterium spp., and prebiotic index. FDBR induced a lower pH
value at 48 h of colonic fermentation than FDBSL, indicating a faster
metabolization of nutrients present in red beet root (Albuguerguee ot al.,
2021), besides being a passible condition to cause the lowest E. rectale/
C. coccoides relative abundance in medium with FDBR during colonic
fermentation.

Many beneficial effects induced by intestinal microbiota modulation
are associated with SCFA production (Gomez et al, 2019). The
approximate SCFA proportions in the brge intestine are acetic acid
(65%), propionic acid (25%), and butyric acid (15%) (Tingirikan,
20148), although acetic acid could be utilized by different micreorgan-
isms to produce ic and butyric acids (Hosseini, Grootaert, Ver
straete, & Van de Wicle, 2011; Riviere, Selak, Lantin, Leroy, & De Voyst,
2016). Thehgbﬂpdmdummdoamdmuduwl:h
FDBR and FDBSL, which is d with chol I
lipogenesis, and hormonal appetite regulation in humans (Rowland
ot al, 2018} Lactobecilius and Bifidobactenium genera produce acetic
acid as ane of the main metabolic end products, which when produced in
situ can lower luminal pH and suppress pathogen growth (Sanders et al |
2015 Yaetal, 2022). These results agree with Pearson's correlation test

110



SEA de Oliveies ot al

where the SCFA content correlated positively with the relative abun-
dance of Laciobaciffus spp./Enterococcus spp. and Bifidobacteriam spp.

Propicaic acid plays an impartant role in energy metabolism ho-
menstasiz, especially simulating gluconeogenesis that acts as a satiety
sigmal (D= Yadder et al, 2014). Considering the contents of the
measured SCFA contents during colonic fermentation, there were far
more propionic acid-producing bacteria in the tested fecal inoculum
than those producing acetic and butyric acids, corroborating with the
detected high relative abundance of Bacteroides spp./Prevotelln spp. This
indicates the predominance of Prevoreifa genus since Prevatellz-gomi-
nant cultures produce substantially higher ratios of propionic acid to
acetic and bwtyric acids than Bocteroides-dominant cultumes [ Hosseini
et al, 20011; Sapders et al., 2019). However, propionic acid decreassd
overmll in media with FOBER and FDEBEL during colonic fermentation,
agreeing with early studies showing that the presence of pectin creses a
decrease in propionic acid during colonic fermentation (Bang et al.,
201 E; Perreira-Lazarte, Kachrimanidow, Villamiel, Rastall, & Morena,
201E; Yang, Martinez, Walter, Keshonvarzian, & Rose, 30030

Butyric acid is very important to human health, attracting attenbon
despite of its lowest mtio in the large intestine (Yo ot al., 2022) Besides
causing beneficial =ffects on carcinogenesiz, inflammation, and oxida-
tive stress, butyric acid is koown to affect several components of the
colonic defense barrier, resulting in enhanced progection against hemdnal
antigens (Howland et al, 2018} Variations in butyric acid contents
during FDER and FDBSL colonic fermentation could be linked to the
relative abundance of E. rectale spp./C. cocooides spp. sinoe E rectale spp.
iz of special interest due to its ability to prodoce butyric acid (Gomesz,
Gullon, Yanez, Schals, & Alonso, 2016}

The decreaze of phenolic compounds during colonic fermentation
indicates their metabolization by the intestinal microbiota and potential
prebiiotic efects (Maceda ot al, 2023 Sampado et al., 2022a) Metabo-
lites derived from cobonic fermentation of carbohydrates and associabed
phenolic compounds have been related to beneficial health efects
[Tabermere & Cedrén, 201 7). There was an increase in procyanidin A2
coatent during FOBR and FDBSL colonic fermentation and a sharp
decrease in procyanidin B2 content. These resalts could be associabed
with the alterations in cabechin and epigallocatechin contents since
procyanidins are oligomers and paolymers of (+)-catechins, (-)-epi-
catechins, and their derivatives (Masumoto, Acki, Miora, & Shoji,
201 B The differences in the physinlogical activities of procyanddins 42
and BX are probably related to their different micrebial metabolic
pathways and resultant phenalic and aromatic catabalites {Chen =t al,
21y

An early stody reported high anticxdidant capacity in FDBR and
FDEEL, which decreassd after reaching the intestine in a simubated
gastrointestinal digestion moded (Oliveira, 2025). However, the anti-
oxidant capacity of media with FDBER and FDBSL increased overall
during the 48 h of colonic fermentation when measured by DPPH
methoud, while decreazed at 48 h of colonic fermentation when measured
by ABTS method. These distinct trends in the scavenging abilities of the
two free radicals could be doe to the difference in chemical properties of
the compounds, principles, and reaction conditions (Fan et al. 2022),
‘Considering the different types of free radicals and their different action
modes there is no simple and universal method by which the antioocdane
capacity can be accurately and quantitatively determined. However,
ABTS and DPPH method are reparted as fast and efficient method to
measure in wiro the antioxidant capacity of foods rich in phenolic
compounds and betalains (Sampaio et al,, 20228, Oliveira, 2022} The
high antioxidant capacities in media with FOBE and FIMEL could be due
to the presence of phenolic compounds, which in the large intestine
profect cells against oxidative siress, preventing colon cancer, and fa-
voring beneficial bacteria growth (Fidelis et al., 2021; Burgos-Edwards,
Jiménez-Aspee, Theoduloz, & Schmeda-Hirschmann, 3018 It was
reinforced by the positive correlation among the antioxidant capacity
and the relative abundance of Loctobacilus sppo/Frterococos spp. and
Bifidobacterium spp.

Feud Rivwarch buematisnal 171 (30230 12006

The results correlating the relative abundance of the different
measured bacterial groups, pH values, magar consumption, SCFA pro-
duction, alteratians in phenclic compounds, and antioxidant capacity in
fermentation media with FDBR and FDBESL reveal the importance of a
balanced microbial ecosysiem for the survival of beneficial bacterial
species and, consequently, for the promotion of desirable effects an
human health during colonic fermentation of ingredients with prebiotic
activity (Albuguerque et al., 2021; Alves-Santos et al., 2023; Macedo
et al., 2025). An overview of the data obtained in this stody summarized
by PCA analysis showed that colonic fermentation mediem with FDBR
and FDEEL bad superior resalts in several analysss, confirming the
capahility of the bioactive compounds found in different anabomical red
beet parts of exerting beneficial effects on intestinal microbiota (03
veim, 2031,

Although the use of in wito colonic fermentation systems and FISH-
PC technique have been shown effective methedolegical approaches to
indicate the potential modulatory effects of pre-digested FDER and
FDESL on buman intestinal microbiota, some possible limitatons of this
study could be considered: i) difficulties in mimicking some physico-
chemical and physiological events that orcur during human gastroin.
testinal digestion; ii) the complexity of the human colon and bost-gut
microbiota interactions cannot be estimated accurately; i) difficulties
in reproducing a continwous and anserobic fermentation system at the
same time; and iv) the use of more probes to measare other important
bacterial groups found as part of the human intestinal microbiata (e.g.,
Ruminococas spp. and Akkermansie muciaiphila). However, the uss of a
validated im vitre digestion methodology, fresh pocled fecal inoculum,
anaerohic generating system, and measurement of representative target
groups forming the human intestinal microbiota and metabolite pro-
durcticn has shown significant results to assess the effects of prebiotic
candidates on intestinal microbiata (Albuguergue et al., 20215 Macedo
et al., 20025; Macca et al, 2022; Medeiros et al., 2021; Menexes et al.,
202]; Sampaio et al., 20223, 20226).

5. Conclusion

The examined red beet parts promoted an inrease in the relative
abundance of Lacwbacilius spp. /Enterococcrs spp. and Bifidobacterim
spp. populations during colonic fermentation and decreased the relative
abundance of Bocreroides spp./Prevotelln spp., . hisodpticum, and
E. recinle/C. coccoides populations. FDBR and FDBSL achisved positive
prebiotic indexes during colonic fermentation and induced decreased
pH values, sagars consumption, increased SCFA production, altemtions
in phenolic compound coatents, and high antioxidant capacity during
colonic fermentation. These results indicate that FDBER and FDESL
caused beneficial alterations in the composition and metabolic activity
of human intestinal microhiota during colonic fermentation, besides
demonstrating that conventional and uncooventional red best parts
have potential use as novel prebiotic ingredients. These results should
encourage the consumption of red beet root, stems, and leaves as
functional foods in a healthy diet as well as sources of added-value in-
gredients for the food industry, being a strategy for the whole valori-
zatica of red beet linksd fo a sustainable and circalar ecoocmy
perspective in the agri-food sector. Further studies using advanced
malecular technologies (£.g, next-generaton sequencing — MGE) and
whale metabolic prafiling could be warmnted to deepen the knowledge
of the impacts of FDBR and FOBEL on the colonic microbiome and their
repercussions in human bealth.
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ANEXO A — Parecer Consubstanciado do Comité de Etica

UFPB - CENTRO DE CIENCIAS
DA SAUDE DA UNIVERSIDADE W"’P
FEDERAL DA PARAIBA

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: AVALIACAD DO POTENCIAL PREBIOTICO DE DIFERENTES PARTES DA
BETERRAEA (Beta vulgaris L.) EM SISTEMAS DE FEHMENTAGED IN VITRO

Pesquisador: Sonia Paula Alexandrino de Oliveira

Area Tematica:

Versao: 1

CAAE: 34516420.6.0000.5188

Instituigdo Proponente: Centro De Ciéncias da Saldde

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

MNamero do Parecer: 4.251.958

Apresentacio do Projeto:

Evidéncias crescentes sustentam gue padroes dietéticos que incluam o consumo regular de compostos
prebidticos, entre outros bioativos, sdo capazes de modular a composigio e metabolismo da microbiota
intestinal humana, exercendo um papel importante na homeostase da sadde do hospedeiro. A beterraba
vermelha (Beta vulgaris L) & uma importante espécie olericola, que apresenta a raiz como o mais
importante produto

comercial @ de grande potencial nutricional, embora porgdes como talos e folhas, geralmente descartados,
possuam destacavel aporie de nutrientes e de compostos bioativos.

Objetive da Pesquisa:

Avaliar possiveis efeitos prebidticos de diferentes partes (raiz, talog e folhas) de diferentes cultivares de
beterraba vermelha (Beta vulgaris L. subsp.

vulgaris) utilizando sistemas de fermentacdo in vitro.

Objetivo Secundario:Elaborar farinhas da raiz, talos e folhas de duas diferentes cultivares de beterraba por
meio de secagem convectiva;Caracterizar o perfil quimico

das farinhas com énfase na composicdo centesimal, pH, perfil fendlico, perfil de carboidratos, teor de
betalainas (betacianinas e betaxantinas), fibras

sollveis e insoldveis & pectina.
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Continuagio do Parscer: 4.251.958

Avaliagdo dos Riscos e Beneficios:

Os aspectos de riscos e beneficios foram devidamente apreciados pela pesquisadora.

Comentarios e Consideragbes sobre a Pesquisa:

Estudo de interesse cientifico e de potencial comercial.

Consideracdes sobre os Termos de apresentacio obrigatoria:

A proposta estd em conformidade com as recomendacdes deste CEP.

Recomendagdes:

Recomendamos a aprovacao da proposta.

Conclusdes ou Pendéncias e Lista de Inadequagbes:

Mada a registrar.

Consideragbes Finais a critério do CEP:

Certifico que o Comité de Etica em Pesquisa do Centro de Ciéncias da Salde da Universidade Federal da
Paraiba = CEP/CCS aprovou a execucdo do referido projeto de pesquisa. Outrossim, informo que a
autorizagio para posterior publicacao fica condicionada & submissio do Relatdrio Final na Plataforma Brasil,
via Motificagdo, para fins de apreciagao e aprovacao por este egrégio Comité.

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situagio
Informacdes Basicas F‘B_WFDHMQGES_BAEICAE_DD_P 02/07/2020 Aceito
do Projeto ROJETO 1586249 pdf 20:49:25
Qutros cartadeanuenciacepsonia.pdf 02/07/2020 |Sdnia Paula Aceito

20:48:22 |Alexandrino de
Cliveira
Qutros certidacCEpsonia.pdf 020072020 |Sdnia Paula Aceito
20:46:44 | Alexandrino de
_ Cliveira
Qutros instrumentodecoletasonia pdf 020072020 |Sdnia Paula Aceito
20:45:39 |Alexandrino de
Oliveira
Cronograma cronogramasonia.pdf 02/07/2020 |Sonia Paula Aceito
20:44:11 | Alexandrino de
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Cronograma cronogramasonia.pdf 02/07/2020 |Oliveira Aceito
20:44:11
Orcamento orcamentosonia.pdf 02/07/2020 |Sénia Paula Aceito
20:43:58 |Alexandrino de
Olivei
TCLE / Termos de | TCLEsonia.pdf 02/07/2020 |Sénia Paula Aceito
Assentimento / 20:41:34 |Alexandrino de
Justificativa de Oliveira
| Auséncia
Projeto Detalhado/ |projetodocsonia.pdf 02/07/2020 |Sdnia Paula Aceito
Brochura 20:40:28 |Alexandrino de
| Investigador Oliveira
Folha de Rosto folharostosoniaassinada.pdf 02/07/2020 |Sbdnia Paula Aceito
20:35:18 |Alexandrino de
livei

Situacao do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Nao

JOAO PESSOA, 01 de Setembro de 2020

Assinado por:

Eliane Marques Duarte de Sousa
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Telefone:
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(Coordenador(a))
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