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RESUMO

A pitaya vermelha (Hylocereus polyrhizus) ¢ uma fruta origindria do México e Ameérica
Central e do Sul, difundida em regides subtropicais e tropicais. Em sua composicdo, a pitaya
vermelha possui consideravel quantidade de compostos fenolicos que possuem reconhecida
atividade antioxidante. A interacdo entre compostos fendlicos e bactérias probidticas tém
atraido o interesse da comunidade cientifica, pois por meio de biotransformacdes podem ser
obtidas formas mais ativas destes compostos. O objetivo do presente estudo foi avaliar os
efeitos de L. acidophilus LA-05 e B. lactis BB-12 sobre o conteudo, bioacessibilidade dos
compostos fendlicos e capacidade antioxidante da fracdo dialisada (absorvivel) da pitaya
vermelha. A contagem de células viaveis e parametros associados ao metabolismo dos
probidticos teste foram determinados apds 48 h de cultivo em pitaya vermelha. A
sobrevivéncia de L. acidophilus LA-05 e B. lactis BB-12 na pitaya vermelha fermentada em
condigdes gastrointestinais simuladas foi também determinada, bem como os efeitos das
cepas teste no conteudo e bioacessibilidade dos fendlicos da pitaya vermelha utilizando um
modelo de digestdo acoplado a uma barreira intestinal simulada. A fragdo dialisada da pitaya
vermelha fermentada foi avaliada quanto a capacidade de desativacéo de radicais oxigenados.
Apos 48 h de cultivo em pitaya vermelha, as contagens iniciais (aproximadamente 7 log
UFC/mL) de L. acidophilus LA-05 e B. lactis BB-12 aumentaram (p < 0,05) 1.59 + 0.18 e
1.43 £ 0.15 log UFC/mL, respectivamente. No mesmo periodo, os teores de agucar e pH
diminuiram (p < 0,05), enquanto o contetdo de acidos orgénicos aumentou (p < 0,05). Apos a
exposicdo a condigdes gastrointestinais simuladas, foram observadas contagens de L.
acidophilus LA-05 e B. lactis BB-12 na pitaya vermelha fermentada, em torno de 8 e 7 log
CFU/mL, respectivamente. De modo geral, a fermentacdo com as cepas probi6ticas reduziu (p
< 0,05) o contetdo da maioria de acidos fendlicos e flavondides na pitaya vermelha. L.
acidophilus LA-05 aumentou (p < 0,05) o contetido dos &cidos clorogénico, galico e siringico,
cianidina 3,5 diglicosideo, procianidina B1 e procianidina B2, quercetina e rutina na fracdo
ndo dialisada (ndo absorvivel) enquanto B. lactis BB-12 aumentou (p < 0,05) o contetido dos
acidos caféico, clorogénico e siringico e procianidina Bl nesta mesma fracdo. A
bioacessibilidade do &cido caféico, catequina, galato de epigalocatequina, kaempferol 3-
glicosideo, procianidina B1 e procianidina B2 aumentou (p < 0,05) na pitaya vermelha
fermentada por L. acidophilus LA-05. Aumentos (p < 0,05) da bioacessibilidade da catequina,
galato de epigalocatequina e procianidina B2 também foram observados na pitaya vermelha
fermentada por B. lactis BB-12. A fracdo bioacessivel da pitaya vermelha fermentada por L.
acidophilus LA-05 ou B. lactis BB-12 apresentou maior atividade antioxidante do que a
pitaya vermelha ndo fermentada. Estes resultados mostram o impacto das cepas probidticas L.
acidophilus LA-05 e B. lactis BB-12 sobre os compostos fendlicos na pitaya vermelha e
sugerem que estes microrganismos podem ser utilizados como uma alternativa para aumentar
o0 potencial antioxidante desta fruta, além de aumentar o contetdo de fendlicos disponiveis na
fracdo ndo dialisada.

Palavras-chave: dialise, digestéo in vitro, fenolicos, metabolismo de probidticos



ABSTRACT

The red pitaya (Hylocereus polyrhizus) is a fruit original from Mexico and Central and South
America, widespread in tropical and subtropical regions. Red pitaya has considerable contents
contents of phenolic compounds with recognized antioxidant activity. The interaction between
phenolic compounds and probiotic bacteria have attracted the interest of the scientific
community, because through transformations more active forms of these compounds may be
obtained. The aim of the present study was to assess the effects of L. acidophilus LA-05 and
B. lactis BB-12 on the content, bioaccessibility of the compounds phenolics and antioxidant
capacity of the dialyzed fraction in red pitaya. For this, viable counts and parameters
associated to the metabolism of the test probiotic strains were assessed after 48 h-cultivation
in red pitaya. The survival of L. acidophilus LA-05 e B. lactis BB-12 in fermented red pitaya
under simulated gastrointestinal conditions, as well as the effects of the metabolism of these
strains on the content and bioaccessibility of phenolic compounds in red pitaya using a
digestion model coupled with a simulated intestinal barrier were also determined. The
bioaccessible fraction of the red pitaya fermented by the test strains was evaluated for the
oxygen radical absorption capacity. After 48 h of incubation in red pitaya, the initial viable
counts (approximately 7 log CFU/mL) of L. acidophilus LA-05 and B. lactis BB-12 increased
(p <0.05) 1.59 £ 0.18 and 1.43 = 0.15 log CFU/mL respectively. At the same time, the sugar
and pH contents decreased (p < 0.05), while the organic acid content increased (p <0.05).
After exposure to simulated gastrointestinal conditions, viable counts of L. acidophilus LA-05
and B. lactis BB-12 in fermented red pitaya were around 8 and 7 log CFU/mL, respectively.
In general, fermentation with probiotic strains decreased (p < 0.05) the content of most
phenolic acids and flavonoids in red pitaya. L. acidophilus LA-05 increased (p < 0.05) the
content of chlorogenic, gallic and syringic acids, cyanidin 3,5-diglucoside, procyanidin B1
and procyanidin B2, quercetin and rutin in the non dialyzed (non-absorbable) fraction while
B. lactis BB-12 increased (p < 0.05) the content of caffeic, chlorogenic and syringic acids and
procyanidin B1 in this same fraction. The bioaccessibility of caffeic acid, catechin,
epigallocatechin gallate, kaempferol 3-glucoside, procyanidin B1 and procyanidin B2
increased (p < 0.05) in the red pitaya fermented by L. acidophilus LA-05. Increases (p < 0.05)
in the bioaccessibility of catechin, epigallocatechin gallate and procyanidin B2 were also
observed in the red pitaya fermented by B. lactis BB-12. The bioaccessible fraction of the red
pitaya fermented by L. acidophilus LA-05 or B. lactis BB-12 showed higher antioxidant
activity then than that obtained from the non-fermented red pitaya. These results show the
impact of L. acidophilus LA-05 and B. lactis BB-12 on phenolic compounds in the red pitaya
and suggest that these microorganisms may be used as an alternative to enhance the
antioxidant potential of this fruit beside an increase of phenolic contents available in the non
dialyzed fraction.

Keywords: dialysis, in vitro digestion, phenolics, probiotic metabolism
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1 INTRODUCAO

As frutas sdo componentes importantes de uma dieta saudavel e sua ingestdo tem sido
associada a diminuicdo do risco de doencas crbnicas ndo transmissiveis (BVENURA,;
SIVAKUMAR, 2017). Os componentes bioativos naturalmente presentes em frutas e, em
particular, os compostos fenolicos podem atuar como ingredientes funcionais na dieta,
contribuindo para além da nutri¢do basica (CORRADINI; LANTANO; CAVAZZA, 2013).

A pitaya vermelha (Hylocereus polyrhizus) é uma fruta rustica, nativa do Mexico e
América Central e do Sul, também conhecida como fruta dragdo (HUA et al., 2018).
Pertencente a familia Cactaceae, a pitaya vermelha é apreciada no mercado europeu e
americano, devido a sua aparéncia atrativa, sabor doce e suave (DEMBITSKY et al., 2011).
Em particular, a pitaya vermelha possui quantidades considerdveis de betacianinas,
flavondides e 4cidos fendlicos, compostos com reconhecido potencial antioxidante
(TENORE; NOVELLINO; BASILE, 2012), os quais estdo associados a efeitos positivos na
salde dos consumidores (THIRUGNANASAMBANDHAM; SIVAKUMAR, 2017). Embora
a pitaya vermelha seja sugerida como fonte de compostos bioativos, ainda sdo escassos 0s
estudos que relatam a bioacessibilidade de compostos fendlicos encontrados em sua polpa.

Compostos fenodlicos estdo associados a diversos efeitos benéficos ao organismo
humano por meio de propriedades antioxidantes (WANG et al., 2014), anti-inflamatdrias
(SOARES et al., 2019) e antimicrobianas (XU et al., 2018). Entretanto, para que exercam tais
atividades, estes precisam estar disponiveis para a absor¢do pés digestdo (CZUBINSKI et al.,
2019).

Neste sentido, é importante considerar a bioacessibilidade de tais compostos em cada
matriz alimentar, ou seja, a quantidade ou fracdo que sera liberada no trato gastrointestinal e
que, portanto, se torna disponivel para absorcdo no intestino (CARBONELL-CAPELLA et
al., 2015; HEANEY, 2001). Por outro lado, a fracdo ndo absorvivel permanece disponivel no
célon juntamente com outros componentes alimentares e pode servir como substrato para
reacOes enzimaticas ou para a fermentacdo colonica (ROCCHETTI et al., 2019).

Existe um crescente interesse na interacdo entre os compostos fenolicos e as bactérias
presentes na microbiota intestinal humana (GWIAZDOWSKA et al., 2015). Sabe-se que ha

uma interacdo bidirecional em que os compostos fendlicos modulam a microbiota intestinal e,
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reciprocamente, as bactérias residentes sdo capazes de metabolizar os compostos fenolicos,
convertendo-0s em metabdlitos com maior bioatividade (OZDAL et al., 2016).

A Dbiotransformacdo de compostos fenolicos também pode ocorrer durante a
fermentacdo de alimentos ricos em fenolicos por bactérias probidticas (VALERO-CASES;
JAUREGUI; FRUTOS, 2017). Entre os probidticos mais estudados para incorporagio em
alimentos, espécies de Bifidobacterium e Lactobacillus tém sido extensivamente estudadas
(FILANNINO et al.,, 2015; DE BRITO ALVES et al., 2016). Por meio da atividade
enzimatica, esses probioticos sdo capazes de liberar compostos fendlicos conjugados com
outros constituintes da matriz alimentar, como os agucares (DELGADO et al., 2019).
Consequentemente, as formas agliconas, biologicamente mais ativas, podem ser liberadas de
seus glicosideos correspondentes (HATI et al., 2015).

Assim, fica evidente a necessidade de novos estudos que contribuam com a geracao de
dados relacionados & biotransformagdo de compostos fenolicos por microrganismos
probidticos, para que se possa avaliar o real potencial de utilizacdo destes como ferramentas

biotecnolodgicas para a obtencdo de matrizes de valor agregado.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar os efeitos do metabolismo dos probioticos L. acidophilus LA-05 e B. lactis
BB-12 sobre o contetdo, bioacessibilidade dos compostos fendlicos e capacidade antioxidante

da fracdo dialisada (absorvivel) da pitaya vermelha.

2.2 OBJETIVOS ESPECIFICOS

e Determinar viabilidade de L. acidophilus LA-05 e B. lactis BB-12 durante cultivo em
pitaya vermelha e parametros fermentativos associados ao seu crescimento;

e Avaliar a sobrevivéncia das cepas probioticas teste durante cultivo em pitaya vermelha
sob condicdes gastrointestinais simuladas;

e Analisar os efeitos do metabolismo das cepas probidticas teste no conteldo e
bioacessibilidade dos compostos fendlicos da pitaya vermelha;

e Avaliar a atividade antioxidante da fracdo dialisada (absorvivel) da pitaya vermelha
fermentada ou ndo por L. acidophilus LA-05 e B. lactis BB-12 sob condi¢bes

fisioldgicas simuladas.
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3 REFERENCIAL TEORICO

3.1 Hylocereus polyrhizus (PITAYA VERMELHA)

As espécies do género Hylocereus sdo distribuidas mundialmente, principalmente em
regides subtropicais e tropicais, porém pouco exploradas no Brasil (XU et al., 2019).

Os frutos do género Hylocereus, sao também conhecidos como fruta dragdo ou pitaya.
A H. undatus tem frutos caracterizados pela casca vermelha e polpa branca, os frutos de H.
megalanthus (anteriormente conhecida como Selenicereus megalanthus) apresentam epicarpo
amarelo e polpa branca, enquanto aqueles da espécie H. polyrhizus (Weber) Britton e Rose
sdo caracterizados pela polpa e casca vermelha e conhecidos como pitaya vermelha (Figura 1)
(NERD; MIZRAHI, 1997; TEL-ZUR et al., 2011).

Figura 1- Hylocereus polyrhizus (pitaya vermelha) utilizada no estudo
Fonte: Autoral.

Os frutos de pitaya vermelha apresentam excepcional tolerancia a seca e destacam-se
pelo sabor doce e pela abundancia de nutrientes e compostos bioativos (TRAN; YEN; CHEN,
2015). A pitaya vermelha é consumida principalmente na forma da fruta fresca, poréem
também tem sido utilizada como um ingrediente na elaboracdo de sorvetes, xaropes e doces
(ONG etal., 2014).

A pitaya vermelha destaca-se como uma fonte potencial de micronutrientes e
compostos antioxidantes, o0s quais estdo presentes nas diversas partes do fruto e
particularmente na polpa e sementes (LIM et al., 2010; CHIA; CHONG, 2015). Tem sido
relatado que extratos da polpa da pitaya vermelha apresentam elevadas quantidades de
betacianinas, flavonoides e &cidos fendlicos, os quais apresentam um amplo espectro
antimicrobiano e atividade antioxidante (TENORE; NOVELLINO; BASILE, 2012). Em um
estudo anterior, Wu et al (2006) relataram quantidades consideraveis de compostos fendlicos

presentes na polpa e na casca de pitaya vermelha. De acordo com estes autores, os contetdos
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de compostos fendlicos presentes na polpa (42,4 + 0,04 mg de equivalentes de acido
gélico/100 g de peso fresco) sdo semelhantes aqueles encontrados na casca (39,7 £+ 5,39 mg
de &cido galico/100 g de peso fresco) (WU et al., 2006).

Em estudo in vivo foi sugerido que a pitaya vermelha pode auxiliar na prevencao da
obesidade e diabetes tipo 2 (OMIDIZADEH et al., 2014). Ainda, foi sugerido que os
oligossacarideos da pitaya vermelha podem apresentar potencial prebidtico
(WICHIENCHOT; JATUPORNPIPAT; RASTALL 2010).

As cascas da pitaya vermelha tém sido citadas como subprodutos do processamento
com potencial para a formulagcdo de nutracéuticos e aplicagdes em matrizes alimentares por
serem fontes promissoras de antioxidantes naturais (TENORE; NOVELLINO; BASILE,
2012). Ainda, a partir da casca da pitaya vermelha é possivel obter pectina com potencial
utilizacdo em alimentos de baixa viscosidade (MUHAMMAD et al., 2014) e corantes naturais
para indudstria alimenticia e cosmética em atendimento a demanda de utilizacdo de pigmentos
naturais (ESQUIVEL et al., 2007a; HARIVAINDARAN; REBECCA; CHANDRAN, 2008).
Particularmente, a polpa de pitaya vermelha tem sido estudada como uma fonte alternativa de
betacianina para aplicagio como corantes naturais na indastria de alimentos
(GENGATHARAN; DYKES; CHOO, 2017).

Dentre os compostos bioativos encontrados na pitaya vermelha, destaca-se as
betalainas devido sua reconhecida capacidade antioxidante. Um estudo anterior relatou que as
betalainas foram os principais compostos associados a atividade antioxidante de sucos de
pitaya vermelha, diversos outros compostos fenolicos contribuiram em menor extensao
(ESQUIVEL; STINTZING; CARLE, 2007b). A abundancia de pigmentos naturais com
bioatividade na pitaya vermelha eleva o valor nutricional do fruto e torna sua exploragéo
promissora em paises tropicais e subtropicais (JAMALUDIN; DING; HAMID, 2011).

3.2 COMPOSTOS FENOLICOS

Os compostos fendlicos tém sido extensivamente estudados, pois apresentam
reconhecida atividade antioxidante, além de contribuir para a prevencdo de inflamacgdes
cronicas, doencas cardiovasculares, diabetes e cancer (ACOSTA-ESTRADA; GUTIERREZ-
URIBE; SERNA-SALDIVAR, 2014).

Os compostos fenolicos sdo metabolitos secundarios derivados de matrizes vegetais
constituintes de um grupo heterogéneo de substancias, caracterizado pela presenca de um anel

benzeno substituido por um ou varios grupos hidroxilas (-OH) e uma cadeia lateral funcional
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(ESTEBAN-FERNANDEZ et al., 2017). Os compostos fendlicos podem ser divididos em
acidos fenolicos, flavanoides, taninos, estilbenos, lignanas e cumarinas (SHAHIDI; YEO,
2018).

Os flavonoides (Figura 2A) e os acidos fendlicos (Figura 2B) constituem as classes de
compostos fendlicos mais abundantes na dieta, abrangendo aos 60 e 30% do total,
respectivamente, com mais de 8000 estruturas fendlicas conhecidas (OUCHEMOUKH et al.,
2016).

Os flavondides possuem baixo peso molecular, contendo quinze atomos de carbono,
organizados em uma configuracdo C6-C3-C6 em sua estrutura, que é constituida por dois
anéis aromaticos A e B (BALASUNDRAM; SUNDRAM; SAMMAN, 2006; WANG; LlI; BI,
2018). Estes, por sua vez estdo unidos por uma ponte 3-carbono, geralmente na forma de um
anel heterociclico C (Figura 2A) (BALASUNDRAM; SUNDRAM; SAMMAN, 2006;
WANG,; LlI; BI, 2018).

A
Flavonoides
COOH CH=CH— COOH
Rs Rs Rs Rs
Ra R,
Acidos hidroxibenzoéicos Acidos hidroxicinamicos

Figura 2-Estrutura genérica de flavondides (A) e acidos fendlicos (B)
Fonte: Khoddami; Wilkes; Roberts (2013).

Com base no padrdo de substituicdo do anel C, os principais flavondides sao
classificados em flavondis, flavanona, flavonas, isoflavonas, antocianidinas e flavanois
(HOLLMANN; KATAN, 1999: NAGULA; WAIRKAR, 2019) (Figura 3). As diferencas nas
estruturas dos subgrupos de flavondides estdo intimamente associadas ao seu potencial
funcional (BALASUNDRAM et al., 2006). Os flavonoides podem se ligar a uma ou mais
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moléculas de agucar, sendo denominados flavonoides glicosideos e, quando néo estdo ligados
a uma molécula de agucar, sdo chamados de agliconas (HAMINIUK et al., 2012).

FLAVONOIDES
Flavonol Flavanona Isoflavona Flavanol Flavona Antocianina
O,
NGPUNCING§ o S o S o/
4 QI L™ Q@ L
OH o o] H i q a
Quercetina Hesperidina Genisteina . . o o
Naringenina Daidzeina Epigalocatequina  Apigenina Delfinidina

Luteolina Cianidina

Figura 3-Classificacéo de flavonoides com base no padrdo de substituicdo do anel C
Fonte: Adaptado de Nagula; Wairkar (2019).

Os écidos fenolicos apresentam duas estruturas de carbono distintas: as
hidroxibenzoéicas, com sete atomos de carbono e as hidroxicindmicas, contendo nove atomos
de carbono (Figura 2B). Embora, o esqueleto basico permaneca 0 mesmo, 0S nUmeros e
posi¢cBes dos grupos hidroxila no anel aromatico estabelecem as diferencas de atividade
biolégica (STALIKAS, 2007). Os &cidos hidroxicinamicos geralmente estdo presentes nos
alimentos como ésteres simples com acido quinico, enquanto os derivados do acido
hidroxibenzoéico ocorrem principalmente nos alimentos sob a forma de glicosideos
(SHAHIDI; AMBIGAIPALAN, 2015). Devido a enorme diversidade estrutural, os acidos
fenolicos estdo associados a fungbes importantes nas plantas, como sintese de proteinas,
absorcdo de nutrientes e atividade enzimatica (STALIKAS, 2010). A ingestdo de acidos
fenolicos é associada a muitos efeitos protetores a satde, auxiliando na prevencao de estresse
oxidativo (ZHANG et al., 2011), diabetes (LIU et al., 2000; ONG; HSU; TAN, 2012), além
de possuir efeitos inibitorios em genes associados a inflamacéo (PEIFFER et al., 2014).

Os taninos sdo compostos fenolicos com peso molecular variando de 500 a 3000 D,
encontrados em complexos com polissacarideos, alcaldides e proteinas. Estes compostos
podem ser classificados como taninos hidrolisaveis e ndo hidrolisaveis (taninos condensados)
(SHING et al., 2017). Os taninos estdo principalmente presentes na casca das sementes de

leguminosas, exercendo fungdes importantes no sistema de defesa dessas sementes, que
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normalmente sdo expostas a danos oxidativos (SHAHIDI; AMBIGAIPALAN, 2015). J& os
estilbenos pertencem ao grupo de compostos derivados de fenilpropandides caracterizados por
um esqueleto de 1,2-difeniletileno (C6-C2-C6) (GOYAL et al.,, 2012). O representante
principal dos estilbenos € o resveratrol, o qual esta presente na dieta principalmente na forma
glicosilada (IGNAT et al., 2011).

3.2.1 Bioacessibilidade de compostos fenélicos

O termo bioacessibilidade pode ser entendido como quantidade ou fracdo de
compostos bioativo que é liberada da matriz alimentar no trato gastrintestinal e, assim,
tornam-se potencialmente disponiveis para absorcdo no intestino (HEANEY, 2001;
CARBONELL-CAPELLA et al., 2015). Desta forma, mais interessante do que apenas avaliar
o teor de compostos fenolicos presente em matrizes alimentares € determinar a
bioacessibilidade (ZUGCIC et al., 2019), visto que a quantidade ingerida ndo reflete
necessariamente a real quantidade absorvida pelo organismo (CELEP et al., 2017).

Diversas metodologias tém sido utilizadas para avaliar a bioacessibilidade de
compostos fendlicos, incluindo, principalmente, modelos in vitro (digestdo simulada do trato
gastrointestinal utilizando membranas artificiais ou membranas celulares; digestdo simulada
do trato gastrointestinal sem a utilizacdo de membranas) e modelos in vivo (estudos com
animais e humanos) (CARBONELL-CAPELLA et al., 2014). A metodologia de digestao in
vitro é amplamente difundida por ser rapida, menos dispendiosa e trabalhosa, além de nédo
apresentar restricGes éticas (MINEKUS et al., 2014). Assim, diversas metodologias in vitro
tém sido desenvolvidas a fim de simular as condigdes do trato gastrointestinal. Por meio
destas metodologias tem se buscado a investigacdo do efeito da matriz alimentar sobre a
bioacessibilidade de fendlicos, de modo a obter dados essenciais para apoiar reivindicacdes da
relevancia bioldgica desses compostos no contexto da nutricdo e da saude humana (CHANG;
ALASALVAR; SHAHIDI, 2016).

Os modelos de digestdo in vitro geralmente incluem as fases oral, gastrica, intestinal e,
eventualmente, fermentacdo colonica (VAN DE VELDE; PIROVANI; DRAGO, 2018;
GONG et al., 2019). Estes modelos séo Uteis para estudar, de maneira simplificada, a digestao
no primeiro trecho do canal alimentar em humanos, simulando condigdes fisioldgicas
guimicas e enzimaticas de fluidos digestivos, pH e periodos de residéncia tipicos de cada
compartimento (TAGLIAZUCCHI; VERZELLONI; CONTE, 2012).
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Atualmente, ha diferentes metodologias para determinar a bioacessibilidade dos
compostos fendlicos. A abordagem mais simplificada analisa o contetdo resultante de toda a
fracdo intestinal, apenas por sua filtracdo e / ou centrifugacao para separar o material soltvel
(fragdo disponivel para captacio) (BERMUDEZ-SOTO; TOMAS-BARBERAN; GARCIA-
CONESA, 2007; GAYOSO et al., 2016). Outra metodologia de simulagcdo mais realista
baseia-se em uma abordagem utilizando membranas de dialise para simular a barreira
intestinal a fim de determinar a bioacessibilidade de compostos fendlicos (DANTAS et al.,
2019). Desse modo, a fracdo capaz de atravessar a membrana de dialise representa 0s
compostos potencialmente disponiveis para absor¢do, enquanto a fracdo de compostos
fendlicos que permanece fora da membrana de diélise corresponde aos compostos néo-
absorviveis (DUTRA et al.,, 2017; DANTAS et al.,, 2019). Entretanto, sabe-se que
bioacessibilidade dos compostos fendlicos esta associada a capacidade de resistir a digestao
no trato gastrointestinal e a extensdo em que esses compostos sdo absorvidos nos tecidos e
6rgdos-alvo em nivel biologicamente expressivo nas formas ativas (ZHANG et al., 2017).

Os aumentos ou diminuicdes no conteudo dos compostos fenolicos durante a
exposicao as diferentes etapas da digestdo parece ser fundamentada por algumas propriedades
fisicas e bioquimicas do trato gastrointestinal, como alteracdes de pH, atividade enzimatica e
temperatura (BARAK et al., 2019). Rodriguez-Roque et al. (2013) observaram aumento do
contetdo dos compostos fendlicos em leite de soja ap6s a digestdo gastrica. Os pesquisadores
mencionaram que o pH &cido, juntamente com a atividade enzimatica durante esta fase
digestiva pode induzir a hidrolise de alguns compostos fendlicos ligados a outros constituintes
dos alimentos (RODRIGUEZ-ROQUE et al., 2013). Em contrapartida, a digestdo gastrica
também pode reduzir o conteido de compostos fenolicos, possivelmente, devido a alteracdes
no peso molecular, solubilidade e estrutura quimica dos compostos fendlicos (RODRIGUEZ-
ROQUE et al., 2014).

Por sua vez, as condicOes alcalinas também podem exercer influéncia variavel no
conteudo de compostos fendlicos. Por exemplo, as condicGes alcalinas utilizadas para simular
a fase intestinal podem favorecer a liberagdo de compostos fendlicos ligados a
macromoléculas, como proteinas e fibras (CELEP et al., 2017). Em contrapartida, outros
autores tém observado diminuic¢des significativas no contetdo de compostos fendlicos apos a
digestdo intestinal (BARAK et al., 2019; GULLON et al., 2015).

A acdo enzimatica também exerce influéncia no conteddo de compostos bioativos
presente na matriz, visto que podem promover a hidrolise dos compostos na fase da digestdo

gastrica (BARAK et al., 2019). Gullon et al (2015) observaram aumentos no contetdo de
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flavondides de farinha de casca de romd ap6s a exposicdo as condi¢Bes gastricas. Os
pesquisadores sugeriram que tais aumentos estdo associados a acdo das enzimas digestivas
capazes de liberar flavonoides ligados a compostos de elevado peso molecular, como
proteinas e carboidratos (GULLON et al., 2015). Desta forma, a quantidade de compostos
fendlicos bioacessiveis pode diferir consideravelmente da sua concentragdo total na matriz
alimentar, pois pode ser infuenciada pela propria composi¢do dos alimentos, processamento e

interacdo dos fendlicos com outros componentes alimentares (ALMINGER et al., 2014).

3.3 BIOTRANSFORMAGCAO DE COMPOSTOS FENOLICOS POR PROBIOTICOS

A depender da complexidade e polimerizacdo da estrutura dos fendlicos, estes
compostos podem ser diretamente absorvidos no intestino delgado ou alcancar o célon
praticamente sem alteracfes (MONOGAS et al., 2010). Existem evidéncias de que a maioria
das formas fendlicas ingeridas na dieta segue para o coldn, onde sofrem metabolismo
extensivo pela microbiota intestinal e produz metabélitos (MOSELE et al., 2015; ESPIN et
al.,, 2017; WILLIAMSON; CLIFFORD, 2017). Neste contexto, os potenciais efeitos
benéficos dos compostos fendlicos a salde dependem fortemente de sua bioconversao por
meio da acdo de bactérias colbnicas, as quais possuem atividades enzimaticas especificas
(POSSEMIERS et al., 2011). Via metabolismo de bactérias da microbiota, algumas formas
fenolicas, as quais podem estar conjugadas com outros constituintes da matriz alimentar,
como agUcares, proteinas e lipidios, podem resultar em compostos com maior bioatividade
(SELMA et al., 2009; SEPTEMBRE-MALATERRE; REMIZE; POUCHERET, 2018). A
acdo dessas bactérias auxilia a biotransformacdo de fendlicos em compostos com maior
bioatividade do que suas estruturas precursoras (CHIOU et al., 2014; OZDAL et al., 2016), ou
protege estes compostos contra a degradacdo quimica em condicdes fisiologicas (ZHAO,;
SHAH, 2014).

A Dbiotransformacdo de compostos fendlicos também pode ocorrer durante o
processamento de alimentos, tais como: fermentacéo, maltagem e processos termomecanicos,
o0s quais auxiliam a liberacdo de fendlicos conjugados (ACOSTA-ESTRADA et al., 2014),
melhorando a bioacessibilidade (MUNOZ et al., 2017).

Assim, entre diversas estratégias tecnologicas, a fermentacdo de alimentos com
bactérias probidticas pode ser considerada uma biotecnologia valiosa para melhorar as
propriedades nutritivas e bioativas das matrizes alimentares (MARCO et al., 2018).

Probioticos sdo microrganismos vivos que, quando ingeridos em quantidades adequadas, sao
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capazes de proporcionar efeitos positivos a salide do hospedeiro (FAO/OMS, 2002). A
ingestdo de probidticos tem sido associada & redugdo dos niveis de colesterol e pressdo arterial
(LOLLO et al., 2015), alivio de constipacdo (EOR et al., 2019) e prevencdo de cancer
(DESROUILLERES et al., 2015).

Bactérias probioticas, principalmente as espécies pertencentes aos géneros
Lactobacillus e Bifidobacterium sdo amplamente utilizadas na formulacdo de alimentos
fermentados (KAPRASOB et al., 2018; BUJNA et al., 2018; VALERO-CASES; NUNCIO-
JAUREGUI; FRUTOS,2017). Estudos relatam que cepas de diferentes espécies dos géneros
Lactobacillus e Bifidobacterium possuem sistemas enzimaticos especificos como, por
exemplo, B-glicosidase, atuando na clivagem de ligacGes glicosidicas de compostos fendlicos,
originando novos metabolitos capazes de exercer um papel importante na producdo de
compostos com atividades bioldgicas diferentes (AVILA et al., 2009; BRAGA et al., 2018).
Sendo assim, as diferencas no grau de atividade enzimética durante a fermentacdo podem ser
devido ao tipo de microrganismo, caracteristicas bacterianas, tipo de substrato, meio de
crescimento e presenca de isoenzimas (LOPES et al., 2017).

A conversdo de compostos fendlicos atraves do processo de fermentacdo utilizando
Lactobacillus spp. e Bifidobacterium spp. tem sido explorada em alguns estudos, sendo
evidenciadas modificacdes no tipo e quantidade de compostos fendlicos. Valero-Cases,
Nuncio-Jauregui e Frutos (2017), observaram mudancas no tipo e quantidade de compostos
fenolicos de suco de romd apds fermentacdo com Lactobacillus acidophilus CECT 903,
Lactobacillus plantarum CECT 220, Bifidobacterium longum subsp. infantis CECT 4551 e
Bifidobacterium bifidum CECT 870. Particularmente, dois derivados fendlicos (catequina e -
punicalagina) ndo detectados no suco antes da fermentacdo estavam presentes nos sucos
fermentados.

Filannino et al. (2015) relataram que diferentes espécies de Lactobacillus sdo capazes
de metabolizar acidos fendlicos em sucos de cereja ou puré de brocdlis. Ainda de acordo com
0s autores, as rotas metabolicas utilizadas na fermentacdo de vegetais sdo fortemente
dependentes da composicéo e fatores intrinsecos da matriz alimentar.

Em um recente estudo, Braga et al. (2018) avaliaram a conversdo de antocianinas da
polpa jussara por Bifidobacterium spp. e Lactobacillus spp. e constataram que as alteractes
promovidas pela fermentagdo aumentou a capacidade antioxidante destes compostos. De
acordo com os autores, a fermentacdo ¢ uma tecnologia promissora para o desenvolvimento
de produtos alimenticios utilizando matrizes ricas em antocianinas, melhorando suas

propriedades e proporcionando uma ampla gama de aplicagdes na industria alimenticia.
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Hashemi et al. (2017) avaliaram a influéncia do metabolismo de L. plantarum LS5 nos
compostos bioativos de suco de lim&o doce e observaram uma reducdo no total de compostos
fenolicos apos 48 h de cultivo a 37 ° C. Em outro estudo, Fritsch, Vogel e Toelstede (2015)
observaram que B. animalis subsp. lactis DSM 10140 e L. plantarum TMW 1.460 foram
capazes de aumentar a qualidade nutricional de semente de tremoco através da degradacéo

parcial de compostos antinutricionionais, como o acido fitico.
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4 MATERIAL E METODOS

Na Figura 4 estdo destacadas sequencialmente as etapas executadas no presente

estudo.

‘) Obtencio das amostras ]
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Figura 4- Desenho esquematico do estudo
Fonte: Autoral.

4.1. CEPAS TESTE E CONDICOES DE CRESCIMENTO

As culturas liofilizadas de L. acidophilus LA-05 e B. lactis BB-12 foram obtidas junto
a empresa Chr. Hansen SA (Valinhos, Sdo Paulo). L. acidophilus LA-05 foi cultivado durante
24 h a 37 °C sob condigdes aerdbias em caldo de Man, Rogosa e Sharpe (MRS) (HiMedia,
Mumbai, india) e B. lactis BB-12 foi cultivado durante 48 h a 37 °C em caldo MRS
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suplementado com cisteina (cMRS) (0,05 g/100 mL, Sigma-Aldrich, Milan, Italy) sob
condicBes anaerdbicas (Anaerobic System Anaerogen, Oxoid). Para obter o in6culo de cada
cepa, a cultura celular foi centrifugada (4500 g x 15 min, 4 °C), lavada duas vezes em solucéo
salina estéril e ressuspensas em solucdo salina estéril para obtencdo de suspensdes celulares.
A densidade dtica de 1,0 e 0,9 a 660 nm forneceu contagem de células viaveis de
aproximadamente 8 log UFC/mL para L. acidophilus LA-05 e B. lactis BB-12,
respectivamente. As culturas estoque foram mantidas em criotubos a -80 °C contendo MRS
ou caldo cMRS e glicerol a 20% (v/v) (Sigma Aldrich, St. Louis, EUA).

4.2 PREPARO DAS AMOSTRAS PARA FERMENTACAO

Os frutos de pitaya vermelha (2,5 kg) utilizados neste estudo foram obtidos de um
distribuidor atacadista local (Jodo Pessoa, Brasil) com mesmo grau de maturagdo (15 °Brix).
Antes dos ensaios, as amostras foram lavadas e sanitizadas através de imersao em solucdo de
hipoclorito de sédio (150 ppm, pH 7,2 ajustado com NaOH 1 mM / L) por 5 min., lavadas
duas vezes com agua destilada estéril e secas por 30 min em uma cabine de biosseguranca. Os
frutos descascados foram misturados com o auxilio de um misturador doméstico (durante 3
min), pasteurizados a 64 °C durante 30 min e resfriados até atingir a temperatura ambiente.
Posteriormente, as amostras de pitaya vermelha foram inoculadas com L. acidophilus LA-05
ou B. lactis BB-12 (contagem final viavel de aproximadamente 7 UFC/mL, respectivamente)
e incubada a 30 °C por 48 h (KAPRASOB et al., 2017) sob condicBes aerdbias para L.
acidophilus LA-05 e anaerdbias para B. lactis BB-12. As amostras sem a adi¢do de L.
acidophilus LA-05 ou B. lactis BB-12 foram utilizadas como controle.

4.3 DETERMINACAO DO pH, ACIDEZ TITULAVEL (AT), SOLIDOS SOLUVEIS
TOTAIS (SST)

O pH, acidez titulavel (AT) e solidos sollveis totais (SST) da pitaya vermelha nédo
fermentada e pitaya vermelha fermentada com L. acidophilus LA-05 e B. lactis foram
medidos apds 48 h de fermentacéo seguindo procedimentos padrdes (AOAC, 2016).

Os valores de pH foram determinados por meio de pHmetro digital (Quimis, Séo
Paulo, Brasil). A AT foi medida por titulagdo das amostras com 0,1 N NaOH e os resultados
foram expressos em porcentagem de acido malico. O contetdo de SST (°Brix) foi medido

com o auxilio de um refratdbmetro digital (modelo HI 96801, S&o Paulo, Brasil)a25+ 1 ° C.
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4.4 CONTAGEM DE CELULAS VIAVEIS DE L. acidophilus LA-05 e B. lactis BB-12

As células viaveis de L. acidophilus LA-5 e B. lactis BB-12 foram enumeradas apds
48 h de cultivo em pitaya vermelha utilizando a técnica de microgotas (HERIGSTAD,
HAMILTON, HEERSINK, 2001). Para isso, aliquotas de 100 puL das amostras foram diluidas
em série em solugdo salina estéril (10°-10"°) e homogeneizadas em voértex por 30 s.
Posteriormente, aliquotas de 20 uL de cada diluigdo foram inoculados em agar MRS ou
cMRS. As placas foram incubadas a 37 °C por 24 h em aerobiose para L. acidophilus LA-05 e
48 h sob condigBes anaerdbicas (Anaerobic System Anaerogen, Oxoid) para B. lactis BB-12.

Os resultados foram expressos em log UFC/mL.

45 SOBREVIVENCIA DE L. acidophilus LA-05 E B. lactis BB-12 EM PITAYA
VERMELHA FERMENTADA SOB CONDICOES GASTROINTESTINAIS SIMULADAS

As condi¢bes gastrointestinais foram simuladas em estagios referentes as condi¢des do
es6fago-estdbmago, duodeno e ileo, conforme descrito por Luciano et al. (2018) com pequenas
adaptacGes. O ensaio foi realizado em estufa incubadora a 37 °C e 0s movimentos peristalticos
foram simulados com agitacdo mecénica (rotacdo ajustada a cada etapa digestiva). O volume
inicial da amostra submetida a digestdo foi de 25 mL. L. acidophilus LA-05 ou B. lactis BB-
12 cultivados em MRS ou cMRS, respectivamente foram também testados para avaliar o
comportamento de células cultivadas em condigdes 6timas.

As condigdes esdfago-estbmago foram simuladas utilizando 25 mg de pepsina diluida
em 1 mL de HCI 0,1 mM/L, adicionado a uma taxa de 0,05 mL/mL, com uma diminui¢édo
gradual no pH com HCI 1 mM/L (pH 5,5/10 min; pH 4,6/10 min; pH 3,8/10 min; pH 2,8/20
min; pH 2,3/20 min e pH 2,0/20 min) sob agitagdo (130 rpm). As condic¢des duodenais foram
simuladas utilizando solugéo de pancreatina (2 g de pancreatina/mL de NaHCO3; 0,1 mM/L) e
solucgéo de sais de bile (12 g de sais de bile/mL de NaHCO3 0,1 mM/L), com ajuste de pH
para 5,0 com NaHCO3; 0,1 mM/L e tempo de exposi¢do de 30 min sob agitacdo (45 rpm). Por
fim, as condi¢bes do ileo foram simuladas atraves do ajuste de pH para 6,5 utilizando
NaHCO;3; 0,1 mM/L e tempo de exposi¢do de 60 min sob agitacdo (45 rpm).

Ap6s cada fase da digestdo simulada, 100 pL de amostras foram coletadas, diluidas em
série em solucdo salina estéril e plagueadas em MRS ou cMRS &gar. Como controle do

experimento, também foram realizados ensaios semelhantes com L. acidophilus LA-05
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inoculado em caldo MRS e B. lactis BB-12 em caldo cMRS. As placas foram incubadas a 37
°C por 24 h sob aerobiose para L. acidophilus LA-05 e 48 h sob anaerobiose (Anaerobic
System Anaerogen, Oxoid) para B. lactis BB-12. Os resultados foram expressos em log UFC /
mL.

As condigdes gastrointestinais simuladas utilizadas neste estudo estdo resumidas na
Tabela 1, incluindo os compostos utilizados, o tempo de exposi¢éo e a intensidade da agitagéo

em todas as etapas.

Tabela 1- Condic6es utilizadas durante a digestdo simulada e as contagens de células viaveis de L. acidophilus
LA-05 e B. lactis BB-12.

Simulacdo Fases Condicdes Agitacdo pH final Tempo de
das etapas (rpm) exposicdo (min)
digestivas
Antes da - - - -
simulagéo
1 55 10
2 4,6 10
3 Esofago- Pepsina 130 3,8 10
Estdmago
4 2,8 20
5 2,3 20
6 2,0 20
7 Duodeno Pancreatina + 45 5,0 30
sais biliares
8 ileo 45 6,5 60

Etapas 1 a 6: etapas para similar as condi¢des es6fago-estdmago; Etapa 7: etapa para similar as condi¢fes no
duodeno; Etapa 8: etapa para similar as condi¢des no ileo.
Fonte: Adaptado de de Melo et al. (2017)

4.6 DETERMINACAO DOS ACUCARES, ACIDOS ORGANICOS E COMPOSTOS
FENOLICOS

Para avaliar o metabolismo de L. acidophilus LA-05 e B. lactis BB-12 quando
inoculados em pitaya vermelha, bem como os efeitos dessas linhagens sobre os contetdos
agucares, acidos organicos e compostos fenolicos, estes parametros foram determinados apos
as 48 h de incubagéo.

As amostras de pitaya vermelha ndo fermentadas e pitaya vermelha fermentadas por L.
acidophilus LA-05 ou B. lactis BB-12 foram centrifugadas (4000 g x 15 min) e o
sobrenadante foi filtrado através de um filtro Millex-HA de 0,45 um (Millipore Co., Bedford,
MA). Os aglcares e acidos orgénicos foram determinados como descrito anteriormente
(COELHO et al., 2018). Para isso, os filtrados obtidos anteriormente foram quantificados por

Cromatografia Liquida de Alta Eficiéncia (CLAE) utilizando um cromatdgrafo Agilent
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(modelo 1260 Infinity LC, Agilent Technologies, EUA) acoplado a um detector de arranjo de
diodo (DAD) e um detector de indice de refragdo (DIR). As condi¢des analiticas foram as
seguintes: uma coluna Agilent Hi-Plex H (7,7 x 300 mm, 8 um); H,SO4 4 mmol / L em agua
ultrapura como fase mével (vazdo 0,5 mL / min).

Para quantificacdo dos compostos fenolicos, as amostras foram centrifugadas (4000 g
x por 15 min) e o sobrenadante filtrado através de filtro Millex-HA de 0,45 um (Millipore
Co., Bedford, MA) e injetado (20 puL) como descrito anteriormente (PADILHA et al., 2017).
A coluna utilizada para separar os compostos fendlicos foi um Zorbax Eclipse Plus RP-C18
(100 x 4,6 mm, 3,5 um) e a pré-coluna Zorbax C18 (12,6 x 4,6 mm, 5 um). A temperatura da
coluna foi ajustada para 35 °C e as fases moveis foram compostas de agua acidificada (pH
2,0) com &cido fosférico 0,1 mM/L (fase A) e metanol acidificado com &cido fosférico a 0,5%
(fase B). A vazdo foi mantida a 0,8 mL/min. As aquisi¢cbes de dados do DAD foram
processadas utilizando o software OpenLAB CDS ChemStation EditionTM (Agilent
Technologies).

Os picos de agUcares, acidos organicos e compostos fendlicos foram identificados
comparando seus tempos de retencdo com os de padrdes (Sigma Aldrich, St. Louis, EUA) e a

quantificacdo foi realizada utilizando a &rea média de injecdes triplicatas.

4.7 DETERMINACAO DA BIOACESSIBILIDADE

A digestdo gastrointestinal in vitro para determinar a bioacessibilidade foi realizada
em trés fases sequenciais: digestao oral, gastrica e intestinal (incluindo dialise) como descrito
anteriormente por Dutra et al. (2017).

Na fase oral, 5 mL de solucgéo salina (2,389 de Na,HPO,, 0,19g de KH,PO,, 8g de
NaCl e 200U/L de a-amilase) foram misturados com 50 mL de amostras e a fragdo foi agitada
a 90 rpm para 10 min a 37 + 2 °C. Em seguida, condic¢Ges gastricas foram simuladas com 13
mg de pepsina, pH ajustado para 2,0 com HCI 0,1 M e a mistura foi incubada a 37 + 2 °C no
agitador a 90 rpm durante 2 h. Finalmente, as condi¢fes de digestdo intestinal foram
simuladas utilizando uma membrana de dialise de celulose (peso molecular de 12,000 Da)
preenchida com NaHCO3; (0,5 M). A membrana foi adicionada as fragdes obtidas durante a
fase gastrica até atingir um pH de 5,0. Em seguida, foi adicionada uma solucéo contendo sais
biliares e pancreatina e a mistura foi incubada a 37 £ 2 °C e 90 rpm durante 2 h. Ao fim desse

periodo, a membrana de dialise foi removida e enxaguada com agua destilada.
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Assim, duas fracbes foram obtidas apos a digestao intestinal: fracbes nao dialisadas e
dialisadas. Os compostos bioativos considerados como ndo absorvidos estavam na fragdo nédo
dialisada (fora da membrana de dialise), enquanto os compostos bioativos disponiveis para
absorcéo estavam na fracdo dialisada (dentro da membrana de dialise). Os resultados foram
expressos como porcentagens e foram determinados conforme descrito na Equagdo 1
(DUTRA et al., 2017):

Bioacessibilidade (%) = (CF dialisada / CF néo digerida) x100 Equacédo 1
Onde:
CF dialisada = concentracdo do composto fendlico na fragdo dialisada

CF ndo digerida = concentracdo do composto fendlico nas amostras ndo digeridas

4.8 AVALIACAO DA ATIVIDADE ANTIOXIDANTE DA FRACAO DIALISADA

O ensaio ORAC (do inglés Oxygen Radical Absorbance Capacity) foi utilizado para
medir a capacidade antioxidante dos compostos fendlicos disponiveis da fracao dialisada de
acordo com a metodologia adaptada de (ZULUETA; ESTEVE; FRIGOLA, 2009) utilizando
um espectrofotdometro com leitor de multiplacas (Fluostar Omega, BMG). Em cada po¢o da
microplaca, foram adicionados 20 pL das fragdes dialisadas e 120 puL de fluoresceina (61,2
nM). A microplaca foi incubada durante 10 min a 37 com 3 min de agitacdo. Em seguida,
adicionou-se a cada poco 60 uL do radical AAPH [2,2'-Azobis (2- methylpropionamidine)
dihydrochloride] (19 mM) para iniciar a reagdo. A intensidade de fluorescéncia (excitagédo =
485 nm / 20 nm e emissdo = 528/20 nm) foi verificada em modo cinético, com leitura em
intervalos de 1 min, durante o periodo de 60 min. Todos os reagentes foram preparados em
tampao fosfato 75 mM, pH 7,4 e o volume final da mistura foi de 200 pL. Os resultados
foram expressos em pumol de equivalente Trolox (ET) por 100 mL de amostra (umol ET/100
mL).

4.9 ANALISES ESTATISTICAS

Todas as analises foram realizadas em triplicata, em trés experimentos distintos, e 0s
resultados foram expressos como médias dos ensaios e desvio-padrdo. A anélise estatistica foi
realizada para determinar diferencas significativas (p <0,05) utilizando analise de variancia
(ANOVA) seguida do teste de Tukey ou teste t-de Student. Para isso, foi utilizado o software

Sigma-Stat 35 (Jandel Scientific Software, San Jose, Califérnia).
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5 RESULTADOS E DISCUSSAO

Os resultados e discussdo da presente dissertacdo estdo apresentados na forma de um
artigo cientifico, original intitulado: Effects of probiotics on the content and bioaccessibility
of phenolic compounds in red pitaya pulp.

O referido artigo encontra-se submetido e formatado nas normas do periddico Food

Research International.
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Effects of probiotics on the content and bioaccessibility of phenolic

compounds in red pitaya pulp

Abstract

This study assessed the effects of the incorporation of Lactobacillus acidophilus LA-05 or
Bifidobacterium animalis ssp. lactis BB-12 in the content and biaccessibility of phenolics in
red pitaya pulp. The oxygen radical absorbance capacity (ORAC) of the dialyzed
(biaccessible) fraction of red pitaya pulp fermented by these probiotics was also assessed.
After 48 h of cultivation in red pitaya pulp, the pH and sugar contents decreased, while
organic acids and viable counts of the tested probiotics increased (p < 0.05). After exposure to
simulated gastrointestinal conditions the viable counts of L. acidophilus LA-05 and B. lactis
BB-12 in fermented red pitaya pulp were close to 8 and 7 log CFU/mL, respectively.
Fermentation with probiotics decreased (p < 0.05) the contents of phenolic acids and
flavonoids in red pitaya pulp. Both, L. acidophilus LA-05 and B. lactis BB-12 increased the
presence of phenolics in the non dialyzed fraction of the red pitaya pulp. The bioaccessibility
of catechin, epigallocatechin gallate, and procyanidin B2 increased (p < 0.05) in red pitaya
pulp fermented by L. acidophilus LA-05 or B. lactis BB-12. The bioaccessible fraction of red
pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12 showed higher antioxidant
activity than that of the non-fermented red pitaya pulp. These findings indicate the
fermentation of red pitaya by probiotics as an alternative to increase the bioaccessibility of

specific phenolics, as well as the antioxidant activity in this fruit.

Keywords: antioxidant, dragon fruit, fermentation, probiotics, phenolics, pitaya
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1. Introduction

The Hylocereus polyrhizus (red pitaya), also known as dragon fruit, is a rustic fruit
native to Mexico and Central and South America, belonging to the family Cactaceae (Hua et
al., 2018). Red pitaya is widely appreciated in the European and American market due its
exotic appearance and slightly sweet taste (Dembitsky et al. 2011). Additionally, this fruit has
attracted attention because it is a promising source of nutrients able of exerting positive
effects on the consumers’ health (Thirugnanasambandham & Sivakumar, 2017). Red pitaya
possesses great amounts of phenolics compounds (e.g betacyanins, flavonoids and phenolic
acids) with recognized antioxidant activity (Teneore, Novellino, & Basile, 2012).

Phenolic compounds are secondary plant metabolites able to scavenge free radicals
and to modulate various signaling pathways which play an important role in chronic diseases
prevention (Girard & Awika, 2018). To be able to exert such benefits, these compounds need
to be released from the food matrix and become absorbable during gastrointestinal digestion,
thus bioaccesible (Czubinski et al., 2019). In addition, when the fraction of unabsorbable
phenolics reach the colon, they are transformed by the colonic microflora leading to
metabolites that are potentially more active and better absorbed (Rocchetti et al., 2019; Espin,
Gonzélez-Sarrias, & Tomés-Barberan, 2015).

The bio-conversion of phenolic compounds also occurs during the fermentation of
fruits by probiotic species of Lactobacillus and Bifidobacterium genera (Valero-Cases,
Jauregui, & Frutos, 2017). By enzymatic activity, these probiotics are able to release phenolic
compounds conjugated with other constituents of the food matrix such as sugars (Delgado et
al., 2019; Kaprasob et al., 2017). Consequently, aglycone forms, which are biologically more
active, may be released from their corresponding glycosides (Hati et al., 2015). Thus, studies

that address the effects of probiotics strains on the profile and biaccessibility of the phenolic
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compounds in red pitaya may provide relevant information that can be used in the elaboration
of high-added value derived products from this fruit.

Therefore, the present study was performed to assess i) the growth of the well-known
probiotic strains L. acidophilus LA-05 and B. animalis ssp. lactis BB-12 (B. lactis BB-12) in
red pitaya pulp and related changes in sugar and organic acids contents; ii) the survival of the
tested probiotic strains in fermented red pitaya pulp under simulated gastrointestinal
conditions; iii) the effects of the tested probiotic strains on the profile of phenolic compounds
of red pitaya pulp; iv) the bioaccessibility of phenolic compounds in red pitaya fermented by
L. acidophilus LA-05 and B. lactis BB-12 using a digestion model coupled with a simulated
intestinal barrier; and, v) the antioxidant activity of the dialyzed fraction of red pitaya pulp
fermented by L. acidophilus LA-05 and B. lactis BB-12 under simulated physiological

conditions.

2. Material and methods
2.1 Test strain and growth conditions

Lyophilized cultures of L. acidophilus LA-05 and B. lactis BB-12 were obtained
from Chr. Hansen SA (Valinhos, S&o Paulo). L. acidophilus LA-05 was grown for 24 h at
37 °C under aerobiosis in de Man, Rogosa and Sharpe (MRS) broth (HiMedia, Mumbai,
India). B. lactis BB-12 was grown for 48 h at 37 °C in MRS broth + cysteine (CMRS)
(0.05 g /100 mL, Sigma-Aldrich, Milan, Italy) under anaerobic conditions (Anaerobic
System Anaerogen, Oxoid). To obtain the inoculum of each strain, the cell culture was
centrifuged (4500 g x 15 min, 4°C), washed twice in sterile saline solution and
re-suspended in sterile saline solution to obtain cell suspensions. Optical density of 1.0 and
0.9 at 660 nm provided viable cell counts of approximately 8 log CFU/mL for L.

acidophilus LA-05 and B. lactis LA-05, respectively. Stock cultures were maintained in
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cryovials at =80 °C containing MRS or cMRS broth and glycerol 20% (v/v) (Sigma

Aldrich, St. Louis, USA).

2.2 Samples preparation for fermentation

Red pitaya fruits were purchased at commercial maturity (~15°Brix) from a local
wholesale distributor (Jodo Pessoa, Brazil). Fruits with absence visible signs of infection or
mechanical damage were selected for the experiments. The fruit were surface disinfected by
5-min immersion in a sodium hypochlorite solution (150 ppm), washed twice with sterile
distilled water and dried in a biosafety cabinet for 30 min. The peeled fruits were mixed using
a domestic blender (for 3 min.), pasteurized at 64 °C for 30 min and cooled to room
temperature. Afterwards, the red pitaya pulp was inoculated with L. acidophilus LA-05 or B.
lactis BB-12 (viable final counts of approximately 7 CFU / mL, respectively) and incubated at
30 °C for 48 h (Kaprasob et al., 2017) under aerobic conditions for L. acidophilus LA-05 and
anaerobic for B. lactis BB-12. Samples without the addition of L. acidophilus LA-05 or B.

lactis BB-12 were used as control.

2.3 Determination of pH, titratable acidity (TA), total soluble solids (TSS)

The pH, titratable acidity (TA) and total soluble solids (SST) of the non-fermented and
fermented red pitaya pulp by L. acidophilus LA-05 and B. lactis were measured after 48 hours
of fermentation following standard procedures (AOAC, 2016). The pH values were
determined using digital pHmeter (Quimis, S&o Paulo, Brazil) (981.12). The TA (expressed as
percent of malic acid) was measured by titrating the samples with 0.1 N NaOH (942.15). The
TSS (°Brix) was measured using a digital refractometer (Model HI 96801, Sao Paulo, Brazil)

at 25+ 1 °C (932.12).
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2.4 Viable counts of L. acidophilus LA-05 and B. lactis BB-12 in red pitaya pulp

The viable cells of L. acidophilus LA-05 and B. lactis BB-12 were enumerated after
48 h of incubation in red pitaya pulp using a microdrop inoculation technique (Herigstad,
Hamilton, & Heersink, 2001). For this, aliquots of 100-uL were collected, serially diluted in
sterile saline solution (107! - 107°) and homogenized 30 s using a vortex. Subsequently, 20-uL
aliquots of each dilution were dispensed into MRS or cMRS agar. The plates were incubated
at 37 °C for 24 h under aerobiosis for L. acidophilus LA-05 and 48 h under anaerobiosis
(Anaerobic System Anaerogen, Oxoid) for B. lactis BB-12. The results were expressed as log

CFU/mL.

2.5 Survival of L. acidophilus LA-05 and B. lactis BB-12 in fermented red pitaya pulp under
simulated gastrointestinal conditions

The gastrointestinal conditions were simulated in stages to mimic conditions in the
esophagus-stomach, duodenum, and ileum as described by Luciano et al. (2018) with minor
adaptations (Table 1). The test was performed in an incubator at 37°C and the peristaltic
movements were simulated using mechanical agitation (rotation adjusted to each digestive
step). The initial volume of the sample submitted to digestion was 25 mL, L. acidophilus LA-
05 and B. lactis BB-12 cultivated in in MRS and cMRS were also tested to assess the
behavior of cells grown in optimal conditions. The esophagus-stomach conditions were
simulated using 25 mg of pepsin diluted in 1 mL of 0.1 mM/L HCI, added at a rate of
0.05mL/mL, with a gradual decrease in pH using ImM/L HCl (pHS5.5/10 min;
pH 4.6/10 min; pH 3.8/10 min; pH 2.8/20 min; pH 2.3/20 min and pH 2.0/20 min) with stirring
(130 rpm). Duodenal conditions were simulated using 2 g pancreatin/L of 0.1 mM/L NaHCO3
and 12 g bovine bile salts/L of 0.1 mM/L NaHCOs, with the pH adjusted to 5.0 with

0.1 mM/L NaHCO;3; and exposure time of 30 min under stirring (45 rpm). Finally, ileum
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conditions were simulated with the pH adjusted to 6.5 using 0.1 mM/L NaHCO3, exposure
time of 60 min under stirring (45 rpm). Enzymes and bovine bile salts were purchased from
Sigma Aldrich (St. Louis, USA). After each phase of the simulated digestion, 100-uL of
samples were collected, serially diluted in sterile saline solution and plated on MRS or cMRS
agar. As control of the experiment, similar assays were also performed with L. acidophilus
LA-05 inoculated in MRS broth and B. lactis BB-12 on cMRS broth. The plates were
incubated at 37 °C for 24 h under aerobiosis for L. acidophilus LA-05 and 48 h under
anaerobiosis (Anaerobic System Anaerogen, Oxoid) for B. lactis BB-12. The results were

expressed as log CFU/mL.

2.6 Determination of the sugars, organic acids and phenolic compounds in fermented red
pitaya pulp

Sugars, organic acids and phenolic compounds were determined after the 48 h of
cultivation of L. acidophilus LA-05 and B. lactis BB-12 in red pitaya pulp. Samples were
centrifugated (4000 g x 15 min) and the supernatant filtered through a 0.45 um Millex-HA
filter (Millipore Co., Bedford, MA). Sugars and organic acids were determinated as
previously described (Coelho et al., 2018). For this, the previously obtained filtrates were
quantified by High-Performance Liquid Chromatography (HPLC) using an Agilent
chromatograph (model 1260 Infinity LC, Agilent Technologies, USA) coupled with a diode
arrangement detector (DAD) and a refractive index detector (RID). The analytic conditions
were as follows: an Agilent Hi-Plex H column (7.7 x 300 mm, 8 um); H,SO4 4 mmol/L in
ultrapure water as mobile phase (flow rate 0.5 mL/min).

For quantification of phenolic compounds, the samples were centrifugation (4000 x g
for 15 min) and the supernatant were filtered through a 0.45 um Millex-HA filter (Millipore

Co., Bedford, MA) and injected (20-uL) as previously described (Padilha et al., 2017). The
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column used to separate the phenolic compounds was a Zorbax Eclipse Plus RP-C18 (100 x
4.6 mm, 3.5 um) and Zorbax C18 (12.6 x 4.6 mm, 5 um). The oven temperature was set to 35
° C and the mobile phases were composed of acidified water (pH 2.0) with 0.1 mM/L
phosphoric acid (phase A) and acidified methanol with 0.5% phosphoric acid (phase B). The
flow rate was maintained at 0.8 mL/min. The DAD data acquisitions were processed using the
OpenLAB CDS ChemStation EditionTM software (Agilent Technologies). The peaks of
sugars, organic acids and phenolic compounds were identified by comparing their retention
times with those of standards (Sigma Aldrich, St. Louis, USA) and the quantification was

performed using the average area of injections.

2.7 Determination of bioaccessibility in fermented red pitaya pulp using a digestion model
coupled with a simulated intestinal barrier

The in vitro gastrointestinal digestion to determine the bioaccessibility was carried out
in three sequential phases: oral, gastric and intestinal digestion (including dialysis) as
described by Dutra et al. (2017). In the oral phase, 5mL of saline solution (2.38 g of
Na;HPO,, 0.19 g of KH,PO,, 8 g of NaCl and 200 U/L a-amylase) was mixed with 50 mL of
samples and the fraction was shaken at 90 rpm for 10 min at 37+2°C. Then, gastric
conditions were simulated with 13 mg of pepsin, pH adjusted for 2.0 with 0.1 mol L™* HCI
and the mixture was incubated at 37 £ 2 °C in the shaker at 90 rpm for 2 h. Finally, intestinal
digestion conditions were simulated using a cellulose dialysis membrane (molecular weight
cut off of 12,000 Da) filled with NaHCO3 (0.5 mol L—1). The membrane was added in the
gastric-digested samples until a pH of 5.0 was reached. Then, a solution containing bile salts
and pancreatin was added, and the mixture was incubated at 37 +2 °C and 90 rpm for 2 h. In
the final intestinal phase, the dialysis membrane was removed and rinsed with distilled water.

Thus, two fractions were obtained after intestinal digestion: non dialyzed and dialyzed
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fractions. The bioactive compounds considered as unabsorbed were in the non dialyzed
fraction (outside the membrane) while the bioactive compounds available for absorption were
in the dialyzed fraction (inside the dialysis membrane). The results were expressed as

percentages and were were determined as described in the Equation 1:

Bioaccessibility (%) = (BC dialyzed/BC non-digested) x 100 Equation 1.

where BC dialyzed and BC non-digested corresponded to the phenolic compound

concentration in dialyzed fraction and non-digested samples, respectively (Dutra et al., 2017).

2.8 Oxygen Radical Absorbance Capacity (ORAC) of dialyzed fraction

The Oxygen Radical Absorbance Capacity (ORAC) assay was used to measure the
antioxidant capacity of the dialyzed fraction according the methodology adapted from
Zulueta, Esteve, & Frigola (2009) using a microtiter plate spectrophotometer reader (Fluostar
Omega, BMG). In each well of the microplates, aliquots of 20-uL of the dialyzed fractions
and 120-uL of fluorescein (61.2 nM) were added. The microplate was incubated for 10 min at
37 °C with 3 min of shaking. Then 60-uL of AAPH (19 mM) [2,20-azobis(2-
methylpropionamidine)] was added to each well to start the reaction. The fluorescence
intensity (excitation = 485 nm / 20 nm and emission = 528/20 nm) was read over a 60-minute
period each 1 min. All reagents were prepared in 75 mM phosphate buffer, pH 7.4 and the
final volume of the mixture 200-uL. The results were expressed as umol TEAC per 100 mL

of sample (umol TEAC/100 mL).
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2.9 Statistical analysis

All assays were performed in triplicate in three independent experiments and the
results were expressed as an average of the assays + standard deviation. Statistical analysis
was performed to determine significant differences (p <0.05) using ANOVA followed by
Tukey or Student t-test. All analyses were performed using the software Sigma Stat 3.5

(Jandel Scientific Software, San Jose, California)

3. Results
3.1 Viable counts and fermentation parameters of red pitaya pulp

After 48 h of incubation in red pitaya, initial counts of L. acidophilus LA-05 and B.
lactis BB-12 increased (p < 0.05) 1.59 + 0.18 and 1.43 + 0.15 log CFU/mL, respectively. In
this same period, the initial pH and STT values decreased (p <0.05) while TA values
increased (p < 0.05) in red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12
(Table 2). In the same way, glucose and fructose of the red pitaya pulp decreased (p < 0.05)
by the fermentation process exerted by L. acidophilus LA-05 or B. lactis BB-12, while no
changes (p > 0.05) were observed in maltose contents (Table 2).

Lactic and acetic acids increased (p < 0.05) in red pitaya pulp fermented by L.
acidophilus LA-05 or B. lactis BB-12 (Table 2). Otherwise, malic acid only decreased (p <
0.05) in red pitaya pulp fermented by L. acidophilus LA-05 (Table 2), while succinic acid
increased (p < 0.05) only when red pitaya pulp was fermented by L. acidophilus LA-05

(Table 2). No changes (p > 0.05) were observed in contents of citric acid.

3.2 Survival of L. acidophilus LA-05 and B. lactis BB-12 in fermented red pitaya pulp under

simulated gastrointestinal conditions
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At the beginning of the in vitro digestive process (time zero, before exposure to the 1°"
digestive step; pH 5.5, 10 min), the viable counts of L. acidophilus LA-05 were 8.55 + 0.26
and 8.59 = 0.18 log CFU/mL, in MRS broth and fermented red pitaya pulp, respectively
(Table 1; Fig. 1A). Counts of B. lactis BB-12 before exposure to esophagus-stomach
conditions (1*" digestive step) were 8.53 + 0.18 and 8.43 + 0.15 log CFU/mL in cMRS broth
and fermented red pitaya pulp, respectively (Table 1; Fig. 1A).

At the end of the in vitro digestion (after the 8™ digestive step; pH 6.5, 60 min), counts
of L. acidophilus LA-05 were 7.78 + 0.06 log CFU / mL in MRS broth and 7.76 + 0.15 log
CFU/mL in fermented red pitaya pulp (Fig. 1A). L. acidophilus LA-05 maintained similar (p
> 0.05) viable counts in each successive step comprising the simulated digestive process in
MRS broth or fermented red pitaya pulp (Table 1; Fig. 1A).

No decreases (p > 0.05) were observed in counts of B. lactis BB-12 in ctMRS broth or
fermented red pitaya pulp until exposure to 4™ digestive step (stomach, pH 2.8, 20 min)
(Table 1; Fig. 1B). After the 5" digestive step (stomach pH 2.0, 20 min), a decrease (p < 0.05)
of approximately 1 log CFU/mL was observed in counts of B. lactis BB-12 in cMRS broth
and fermented red pitaya pulp (Table 1; Fig. 1B). At the end of the in vitro digestion (after the
8™ digestive step), counts of B. lactis BB-12 were 6.94 + 0.17 log CFU/mL in ctMRS broth

and 6.85 + 0.13 log CFU/mL in fermented red pitaya pulp (Table 1; Fig. 1B).

3.2 Effect of the L. acidophilus LA-05 and B. lactis BB-12 on the phenolic compounds in red
pitaya

Caffeic, caftaric and syringic acids were the phenolic acids identified in non-fermented
and red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12. The phenolic acid

contents were generally higher (p < 0.05) in the non-fermented red pitaya pulp, except for
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gallic acid in red pitaya pulp fermented by L. acidophilus LA-05 and chlorogenic acid in red
pitaya pulp fermented by B. lactis BB-2 (Table 3).

The contents of catechin and hesperidin increased (p < 0.05) in the red pitaya pulp
fermented by L. acidophilus LA-05 or B. lactis BB-12 (Table 3). Contents of quercetin 3-
glucoside increased (p < 0.05) in red pitaya fermented by L. acidophilus LA-05 and decreased
(p < 0.05) in red pitaya pulp fermented by B. lactis BB-12 when compared to non-fermented
red pitaya pulp (Table 3). The amounts of procyanidin B1 and procyanidin B2 decreased (p <
0.05) in red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12 (Table 3).
Anthocyanins were present in higher (p < 0.05) contents in the non-fermented red pitaya pulp

than in red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12 (Table 3).

3.3 Bioaccessibility of phenolic compounds

In general, after gastric digestion the phenolics decreased (p < 0.05), except for gallic
acid in non-fermented red pitaya pulp and chlorogenic acid in red pitaya pulp fermented by L.
acidophilus LA-05 (Table 3). However, in the red pitaya pulp fermented by B. lactis BB-12
the content of most phenolic acids, flavonols and procyanidin B2 increased (p < 0.05) after
gastric digestion (Table 3).

The exposure of non-fermented red pitaya pulp or that fermented by L. acidophilus
LA-05 or B. lactis BB-12 to the in vitro digestion decreased (p < 0.05) the contents of
phenolics in the dialyzed fraction, with exception of gallic acid in red pitaya pulp fermented
by B. lactis BB -12 (not detected before digestion) (Table 3). The contents of caffeic acid,
catechin, epigallocatechin gallate and procyanidin Bl increased (p < 0.05) in the dialyzed
fraction of the red pitaya pulp fermented by L. acidophilus LA-05 when compared to that

obtained from the non-fermented red pitaya pulp (Table 3). On the other hand, in the dialyzed
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fraction of red pitaya pulp fermented by B. lactis only the contents of catechin increased (p <
0.05) in comparison to that obtained from the non-fermented red pitaya pulp (Table 3).

Contents of chlorogenic, gallic and syringic acids, cyanidin 3,5-diglucoside,
procyanidin B1, procyanidin B2, quercetin 3-glucoside and rutin were higher (p < 0.05) in the
non dialyzed fraction (unabsorbed) of red pitaya pulp fermented by L. acidophilus LA-05
when compared to that of the non-fermented red pitaya pulp (Table 3). Similarly, the contents
of caffeic, chlorogenic and syringic acids, as well as procyanidin B1 increased (p <0.05) in
the unabsorbed fraction of red pitaya pulp fermented by B. lactis BB-12 compared to that
obtained from the non-fermented red pitaya pulp (Table 3).

A total of 14 phenolics were identified in the dialyzed fraction of the non-fermented
red pitaya pulp, while six and five phenolics were detected in the dialyzed fraction of the red
pitaya pulp fermented by L. acidophilus LA-05 and B. lactis BB-12, respectively (Table 3).
Overall, the bioaccessibility of phenolic compounds in non-fermented red pitaya pulp ranged
from 4.33 to 80.34%, while in red pitaya pulp fermented by L. acidophilus LA-05 it varied
from 14.01 to 85.22% (Table 3). In red pitaya pulp fermented by B. lactis BB-12, the
bioaccessibility of phenolic compounds ranged from 5.77 to 34.96% (Table 3).

The bioaccessibility of caffeic acid, catechin, epigallocatechin gallate, procyanidin B1,
procyanidin B2 and kaempferol 3-glucoside increased (p < 0.05) in the fermented red pitaya
pulp by L. acidophilus LA-05 when compared to non-fermented red pitaya pulp (Table 3).
Catechin, epigallocatechin gallate and procyanidin B2 showed increased (p < 0.05)
bioaccessibility also in red pitaya pulp fermented by B. lactis BB-12 (Table 3). Hesperidin
was the most bioaccessible phenolic compound in the non-fermented red pitaya pulp (Table
3). In contrast, this compound was not bioaccessible in the red pitaya pulp fermented by L.

acidophilus LA-05 and B. lactis BB-12 (Table 3).
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3.4 ORAC

The highest (p < 0.05) capacity of oxygen radical absorbance (31.15 = 0.07 umol
TEAC/100 mL) was observed in red pitaya pulp fermented by L. acidophilus LA-05,
followed by red pitaya pulp fermented by B. lactis BB-12 (22.60 + 0.05 pumol TEAC/100 mL)
(Supplementary Figure 1 ). The ORAC value of the dialyzed fraction of the non-fermented

red pitaya pulp was 8.04 = 0.13 umol TEAC/100 mL.

4 Discussion

Viable cell count of L. acidophilus LA-05 and B. lactis BB-12 increased after 48 h of
incubation in red pitaya pulp. The low pH and the presence of phenolics was previously
mentioned as the primary factors associated with the low survival of probiotics in fruit juices
(Nualkaekul & Charalampopoulos, 2011; Nualkaekul, Salmeron, & Charalampopoulos,
2011). The increase of viable counts together with the decrease in glucose and fructose
contents observed in red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12 is
mostly associated to their bioconversion in lactic acid. These effects together with the
observed increase of TA and decrease of pH and SST in red pitaya pulp fermented by the test
strains show their intense metabolic activity during cultivation (Duarte et al. 2017, Sousa et
al., 2015). Overall, the higher contents of lactic acid detected in red pitaya pulp fermented by
L. acidophilus LA-05 compared to the red pitaya pulp fermented by B. lactis BB-12 is
associated to the fact that lactic acid is the main end-product of the metabolism of this
homofermentative strain (da Costa et al., 2018), while the heterofermentative B. lactis BB-12
can produce other substances in addition to lactic acid, such ethanol, organic acids and carbon
dioxide (Pedersen & Vogensen, 2016).

Probiotics should be able to maintain their viability during the passage to the

gastrointestinal tract until reaching the colon (Yonekura, Sun, Soukoulis, & Fisk, 2014). In
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the present study, after exposure to the last step of the simulated grastrointestinal digestion, L.
acidophilus LA-05 and B. lactis BB-12 counts in the fermented red pitaya pulp showed
counts close to 8 and 7 log CFU/mL, respectively. This is considered an adequate number of
viable cells in foods portions to ensure a positive effect on the consumers’ health (Meira et al.,
2015). Similar results were reported for L. acidophilus CECT 903, L. plantarum CECT 220,
B. longum subsp. infant CECT 4551 and B. bifidum CECT 870 in fermented pomegranate
juice after in vitro digestion (Valero-Cases, Jauregui, & Frutos, 2017).

The higher counts of L. acidophilus LA-05 in fermented red pitaya pulp compared to
those obtained for B. lactis BB-12 after the the last step of the simulated gastrointestinal
conditions, suggest that L. acidophilus LA-05 cells were less affected by stressful conditions
imposed during the simulated digestion than B. lactis BB-12 cells. Despite a recent number of
studies reporting great survival of Lactobacillus species in fruit derived products under
simulated gastrointestinal conditions (Garcia et al.,, 2018, Luciano et al., 2018) the
incorporation of Bifidobacterium spp. in plant matrices is rather scarce than in dairy products
(Dias et al., 2018).

The decrease in the contents of most phenolic compounds in red pitaya pulp fermented
by L. acidophilus LA-05 or B. lactis BB-12 show that phenolic compounds of distinct nature
(i.e. phenolic acids and flavonoids) may be used as substrate for their metabolism. Studies
have demonstrated that several species of Lactobacillus are able to metabolize phenolic acids
in nutrient media, fruit juices or vegetable puree (Filannino et al., 2015, Sanchez-Maldonado,
Schieber, & Génzle, 2011). Hashemi et al. (2017) evaluated the influence of L. plantarum
LS5 in sweet lemon juice and observed a decrease in total phenolic compounds after 48 h of
cultivation at 37 °C. Campanella et al (2017) reported decreases in the content of phenolic
compounds in grape marc after fermentation by L. plantarum 12A and PU1, L. paracasei 14A

and B. breve 15A suggesting that these bacteria use some phenolics for their metabolism.
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Particularly, the decrease in the phenolic contents promoted by microorganisms in vegetable
matrices is due their ability degrade phenolic acids (Fritsch, Heinricha, Vogel, & Toelstedea,
2016).

Overall, changes in phenolic profiles through fermentation by L. acidophilus LA-05 or
B. lactis BB-12 may be due to the action of specific enzymes of each strain. These enzymes
are capable of breaking down the chemical components of plant cell walls hydrolyzing ester
bonds, which link phenolic compounds to the cell wall matrix (Huynh, Van Camp, Smagghe,
& Raes, 2014). Consequently, the free phenolic compounds and bound forms can be released
more efficiently from the plant matrix (Huynh, Van Camp, Smagghe, & Raes, 2014). The
genera Lactobacillus and Bifidobacterium can hydrolyze B-glycosides of vegetables through
B-glucosidase activity and this activity is proposed as the first step in cleavage of the
glucosidic bond in the phenolic compounds structure (Avila et al., 2009). This enzymatic
activity could explain the decrease of the glucoside phenolic compounds in red pitaya pulp
fermented by L. acidophilus LA-05 or B. lactis BB-12.

Despite differences in the quantities of each phenolic compound identified, similar
profile of phenolics was observed in non-fermented and fermented red pitaya pulp with L.
acidophilus LA-05 and B. lactis BB-12. To a greater or lesser extent, the contents of each
phenolic compound changed in red pitaya pulp non-fermented or fermented by the tested
probiotics after gastrointestinal digestion. During the digestion, the phenolic compounds
could undergo various reactions leading to the formation of phenolic derivatives with
different physicochemical properties (Rodriguez-Roque, Rojas-Grai, Elez-Martinez, &
Martin-Belloso, 2014). Probably different products generated during fermentation by the
studied strains are related to the differences in the content of phenolic compounds found

during exposure to gastric conditions. In addition, it should be considered that the tested
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probiotics were detected in a high number of viable cells through the gastrointestinal tract,
thus new transformations may have occurred.

Phenolic contents increased in the non dialyzed fraction of red pitaya pulp fermented
by L. acidophilus LA-05 or B. lactis BB-12, which corresponds to the portion that is
unabsorbed in the small intestine. These means that the tested strains were able to use
phenolic compounds as substrate for their fermentative metabolism. Thus, the availability of
these phenolics in the colon may exert a positive modulation in the intestinal bacterial
population (Coman et al., 2018). A study carried out with apple peel-rich-extracts phenolics
showed increases in the adhesion properties of Lactobacillus strains, suggesting that these
compounds may promote the adhesion of beneficial microorganisms or native gut microbiota
(Volstatova et al. 2017). Cell adhesion is considered an important characteristic of probiotic
microorganisms because it facilitates the colonization by stimulating the contact between the
bacterial cell membrane and the interacting surfaces (Duary, Rajput, Batish, & Grover, 2011)
and it is also due to the antagonism against pathogens (Papadimitriou et al., 2015). On the
other hand, the unabsorbed phenolic compounds may also be transformed by the microbiota
into more active forms (Cheng et al. 2016).

The increases in the contents of specific phenolics observed in the non dialyzed
fraction of the non-fermented pitaya are probably related to the liberation of phenolic
compounds from the plant matrix in alkaline media simulating the intestinal conditions
(Celep, Inan, Akyiiz, & Yesilada, 2017).

The absorption of phenolic compounds is determined by their physicochemical
characteristics (Gil-Sanchez et al., 2018). Monomers and some dimers are directly absorbed in
the small intestine (Gil-Sanchez et al., 2018). This can explain why catechin (monomer) and

procyanidin B1 (dimer) were the compounds detected in greater amount in the dialyzed
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fraction of the non-fermented red pitaya pulp and that fermented by L. acidophilus LA-05 and
B. lactis BB-12.

The increased bioaccessibility of caffeic acid, catechin, epigallocatechin gallate,
kaempferol 3-glucoside, procyanidin B1 and procyanidin B2 in the red pitaya pulp fermented
by L. acidophilus LA-05, or catechin, epigallocatechin gallate and procyanidin B2 in that
fermented by B. lactis BB-12 is probably associated with the specific metabolic pathways
used by these bacteria. Bacterial fermentation can enhance the release of bound phenolic
compounds from the plant cell walls and convert the phenolic compounds into different forms
(Huynh, Van Camp, Smagghe, & Raes, 2014).

Despite the higher amounts of total phenolic in the dialyzed fraction of the non-
fermented red pitaya pulp, the antioxidant activity of the dialyzed fraction of red pitaya pulp
fermented by L. acidophilus LA-05 and B. lactis BB-12 was higher than the dialyzed fraction
of the non-fermented red pitaya pulp, respectively. The structural changes resulting from the
bacterial fermentation may be associated with the increased antioxidant activity observed
(Hur et al., 2014, Braga et al., 2018). In consistency with our results, some studies have
demonstrated the contrast detected between the decreased concentration of phenolics and the
increased antioxidant activity after bacterial fermentation (Mousavi et al. 2013, Hashemi et al.
2017).

Our results can be attributed to the increased in specific phenolic compounds (e.g.
catechin) in the dialyzed fraction of red pitaya pulp fermented by L. acidophilus LA-05 or B.
lactis BB-12, which under the experimental conditions showed enhanced scavenging activity

of oxygen species.
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5. Conclusions

The results show that L. acidophilus LA-05 and B. lactis BB-12 are able to growth in red
pitaya pulp and survive in this fruit during exposure to simulated gastrointestinal conditions.
The incorporation of the tested probiotics in red pitaya pulp changed the amounts of distinct
phenolics and affected the bioaccessibility in red pitaya pulp, mostly by increasing the
amounts of compounds in the non dialyzed fraction. In addition, both, L. acidophilus LA-05
and B. lactis BB-12 increased the bioaccessibility of some phenolics and the antioxidant
activity of dialyzed fraction resulting from fermented red pitaya pulp. The results show the
impact of the probiotics on phenolic compounds of distinct nature in red pitaya and suggest
their incorporation as an alternative to enhance the antioxidant of this fruit beside an increase

of phenolics available for fermentation by colonic bacteria.
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Fig. 1. Survival (log CFU/mL) of L. acidophilus LA-05 in MRS broth (—=—) and fermented
red pitaya pulp (——) during exposure to simulated gastrointestinal conditions (A). Survival
(log CFU/mL) of B. lactis BB-12 in cMRS broth (—e—) and fermented red pitaya pulp (-e-)
during exposure to simulated gastrointestinal conditions (B).
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Supplementary Figure 1. Fluorescence decay curves of fluorescein in ORAC assay of the dialyzed fractions of red pitaya pulp fermented by L.

acidophilus LA-05 and B. lactis BB-12.



Tables

Table 1. Conditions used during the simulated digestion and the resultant viable cell counts of L. acidophilus LA-05 and B. lactis BB-12.
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Simulated Phase Conditions Stirring (rpm)  Final pH Time of L. acidophilus LA-05 (log B. lactis BB-12 (log CFU/mL)

digestive exposure (min) CFU/mL)

st¢ps MRS* broth Red pitaya cMRS** broth  Red pitaya

pulp pulp

Before simulation - - - - 8.55+0.26° 8.59+0.18% 8.53+0.18° 8.43+0.15°

1 55 10 8.43+0.15° 8.47+0.08° 8.42+0.12° 8.27+0.12°

2 4.6 10 8.30+0.13% 8.40+0.16% 8.34+0.08% 8.17+0.19°

3 Esophagus- Pepsin 130 3.8 10 8.24+0.08% 8.43+0.15° 8.05+0.08% 7.98+0.07°
stomach

4 2.8 20 8.13+0.09° 8.28+0.12° 7.96+0.10° 7.79+0.16°

5 2.3 20 7.80+0.28° 8.14+0.13° 7.58+0.15" 7.43+0.08°

6 2.0 20 7.77+0.09° 7.82+0.11° 7.34%0.13" 7.15+0.12°

7 Duodenum Pancreatin + 45 5.0 30 7.86+0.08° 7.83+0.08° 7.160.16" 7.01+0.16°

bile salts
8 lleum 45 6.5 60 7.78+0.06° 7.76+0.15° 6.94+0.17" 6.85+0.13"

*MRS: Man, Rogosa and Sharpe broth; **cMRS:Man, Rogosa and Sharpe broth + cysteine.

Steps 1 to 6: stages to mimic the conditions in the esophagus - stomach; step 7: stage to mimic the conditions in the duodenum; step 8: stage to mimic the conditions in the ileum.

a - b: different superscript letters in the same column denote differences (p < 0.05) between the counts of viable cells obtained in each digestion step and the counts of viable cells
before the simulation for the same bacterial strain exposed to the experimental digestion tested in MRS or cMRS broth and fermented red pitaya pulp, according to the t-test.



Table 2. Physicochemical parameters, sugars and organic acids contents in red pitaya pulp

fermented by L. acidophilus LA-05 and B. lactis BB-12.

Parameters Control L. acidophilus LA-05 B. lactis BB-12
pH 4.32+0.05" 3.50+0.06° 3.59+0.03"
Titratable acidity (% malic acid) ~0.45+0.05° 0.79+0.05" 0.76+0.05"
Total soluble solids (°Brix) 15.30+0.07" 13.20+0.14° 13.00+0.15°
Sugars (g/L)

Maltose 0.20+0.03* 0.25+0.01%* 0.22+0.03"
Glucose 35.18+0.03" 26.21+0.03% 25.27+0.01¢
Fructose 19.17+0.02* 11.79+0.04¢ 14.53+0.018
Organic acids (g/L)

Citric 0.24+0.03" 0.21+0.03" 0.22+0.04"
Malic 2.47+0.05" ND 2.39+0.04%
Succinic 0.53+0.05° 1.18+0.03* 0.49+0.03%
Lactic ND 13.02+0.01* 2.20+0.01°
Acetic ND 0.30+0.03* 0.28+0.04"

Control: non-fermented red pitaya pulp
A-C: different superscript capital letters in the same row denote differences (p < 0.05) among the different
treatments, according to the Tukey's test or t-test.

ND: No detected
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Table 3. Bioaccessibility of phenolic compounds in red pitaya pulp fermented by L. acidophilus LA-05 or B. lactis BB-12.
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Phenolics (ug/100mL)

Digestion phase

Bioaccessibility (%0)

Before digestion Gastric Dialyzed fraction Non dialyzed
fraction
Phenolic acids
Caffeic acid Control 46.58+0.04" 6.77+0.04%° 2.94+0.01™ 16.15+0.02%° 6.30+0.02°
L. acidophilus LA-05 18.29+0.04"° 2.54+0.01°° 4.75+0.01% 12.40+0.035° 25.95+0.02°
B. lactis BB-12 10.33+0.01°° 11.83+0.0252 ND 19.85+0.03" ND
Caftaric acid Control 47.90+0.03" 46.17+0.04%* 7.15+0.01° ND 14.89+0.01
L. acidophilus LA-05 38.07+0.02”° 12.68+0.03%° ND ND ND
B. lactis BB-12 47.85+0.04" 17.40+0.028° ND ND ND
Chlorogenic acid Control ND ND ND ND ND
L. acidophilus LA-05 ND 8.24+0.03%° ND 44.09+0.01"° ND
B. lactis BB-12 7.53+0.02¢ 23.18+0.05% ND 37.96+0.02"° ND
Gallic Acid Control 144.05+0.02% 192.30+0.04™ 31.72+0.03% ND 22.02+0.02
L. acidophilus LA-05 191.95+0.03%° 41.81+0.02° ND 570.36+0.01" ND
B. lactis BB-12 ND 48.47+0.017° 14.77+0.01%° ND ND
Syringic acid Non-fermented 65.10+0.04" 22.68+0.04% 6.75+0.01° 4.60+0.02°° 10.36+0.01
L. acidophilus LA-05 38.02+0.017" 4.44+0.03%° ND 10.19+0.01% ND
B. lactis BB-12 28.14+0.02"° 3.69+0.01°° ND 7.69+0.02%° ND
Anthocyanins
Cyanidin 3,5-diglucoside Control 150.31+0.02" 98.78+0.01° 6.57+0.01° ND 4.37+0.01
L. acidophilus LA-05 69.94+0.03"" ND ND 68.88+0.01% ND
B. lactis BB-12 ND ND ND ND ND
Delphinidin 3-glucoside Control 20.82+0.03 ND ND ND ND
L. acidophilus LA-05 ND ND ND ND ND
B. lactis BB-12 ND ND ND ND ND
Flavanols
Catechin Control 570.49+0.05°° 263.81+0.01°° 139.00+0.01"° 1680.64+0.08"*  24.36+0.00°
L. acidophilus LA-05 769.28+0.0652 180.06+0.03"¢ 655.58+0.05% 1150.36+0.06"°  85.22+0.01°
B. lactis BB-12 652.72+0.04%° 387.75+0.02°° 228.20+0.02°° 1669.49+0.09"°  34.96+0.00°
Epicatechin Control 30.77+0.04% 9.14+0.02% 3.04+0.01° 33.59+0.04" 9.87+0.01
L. acidophilus LA-05 7.00+0.06™° 0.63+0.03"° ND ND ND
B. lactis BB-12 5.04+0.017° 2.60+0.01°° ND 3.85+0.01%° ND
Epigallocatechin gallate Control 58.99+0.01" 18.77+0.01% 3.38+0.017° 29.52+ 0.02% 5.72+0.01°
L. acidophilus LA-05 41.29+0.04"° 8.24+0.03"° 9.50+0.01° 15.15+0.01%° 23.000.01°
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B. lactis BB-12 19.04+0.055 14.54+0.04%° 3.27+0.01°¢ 29.49+0.02" 17.16+0.01°
Procyanidin B1 Control 1325.61+0.07" 697.02+0.07% 168.01+0.03"° 598.21+0.04%° 12.67+0.00°
L. acidophilus LA-05 957.49+0.02"° 176.25+0.04°° 203.33+0.07%* 686.08£0.01%°  21.24+0.01°
B. lactis BB-12 725.20+0.02"° 449.21+0.05° 93.34+0.03"° 711.65+0.03% 12.87+0.00°
Procyanidin B2 Control 589.26+0.03™ 282.62+0.05°2 25.53+0.027° 72.78+0.01% 4.33+0.00°
L. acidophilus LA-05 149.17+0.06%° 41.21+0.01°° 20.90+0.03py, 165.32+0.04"° 14.01+0.00°
B. lactis BB-12 105.14+0.03%° 158.21+0.03"° 6.07+0.01°° 67.96+0.01°° 5.77+0.00°
Flavanone
Hesperidin Control 57.70+0.06"° ND 46.36+0.01° ND 80.34+0.09
L. acidophilus LA-05 273.01+0.07° ND ND ND ND
B. lactis BB-12 151.82+0.02° ND ND ND ND
Flavonol
Kaempferol 3-glucoside Control 39.69+0.02% 3.55+0.01° 2.84+0.01" 60.61+0.03" 7.14+0.01°
L. acidophilus LA-05 18.03+0.04"° ND 2.85+0.01 % 13.78+0.02°° 15.78+0.01°
B. lactis BB-12 NQ 5.24+0.01% ND 56.01+0.01"" ND
Quercetin 3-glucoside Control 31.93+0.04"" 23.42+0.01% 6.23+0.01° ND 19.50+0.00
L. acidophilus LA-05 36.41+0.02" 10.78+0.01°° ND 19.29+0.01°¢ ND
B. lactis BB-12 NQ 18.81+0.01° ND ND ND
Rutin Control 26.57+0.04™ 8.68+0.01% 3.51+0.01° ND 13.19+0.01
L. acidophilus LA-05 20.81+0.04"" 3.17+0.01¢ ND 3.79+0.01° ND
B. lactis BB-12 NQ 6.94+0.02" ND ND ND

Control: non-fermented red pitaya pulp; Values are expressed as the mean + standard deviation. ND: non detected NQ: non quantified

a-c: different superscript lowercase letters in the same column for the same compound denote difference (p<0.05) among the samples, based on Tukey's test or t-test;
A-D: different superscript capital letters in the same row denote difference (p < 0.05) among the digestive phases for the same sample, based on Tukey's test or t-test.
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6 CONSIDERACOES FINAIS

Os resultados obtidos com o presente estudo demonstram que cepas reconhecidamente
probidticas de L. acidophilus LA-05 e B. lactis BB-12 apresentaram intensa atividade
metabolica sendo capazes de aumentar a viabilidade quando cultivadas em pitaya vermelha e
sobreviver nesta fruta durante a exposicdo a condicGes gastrointestinais simuladas.
Adicionalmente, por meio do seu metabolismo, os probidticos testados modificaram as
quantidades de fendlicos distintos e afetaram a bioacessibilidade destes compostos na pitaya
vermelha, principalmente aumentando as quantidades de compostos na fracdo duodenal. Além
disso, L. acidophilus LA-05 e B. lactis BB-12 aumentaram a bioacessibilidade de alguns
compostos fendlicos e a atividade antioxidante da fracdo dialisada resultante da fermentacéo
da pitaya vermelha. Essas descobertas sugerem que a fermentacdo da pitaya vermelha por L.
acidophilus LA-05 e B. lactis BB-12 pode ser uma estratégia para produzir produtos

derivados de pitaya vermelha de alto valor agregado.



