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RESUMO

Nos distintos biomas do Brasil sdo produzidos uma grande diversidade de frutos nativos e
exadticos. A maior producdo concentra-se nos biomas Floresta Amazonica, Cerrado, Mata
Atlantica e Caatinga. Atualmente, alguns desses frutos como agai, cupuagu, graviola,
framboesa, jabuticaba, amora-preta, mirtilo e caja apresentam uma elevada demanda no
mercado interno e externo, devido aos efeitos benéficos a satide do consumidor, particulamente
devido a composicdo nutricional e a presenca de compostos bioativos responsaveis pela elevada
atividade antioxidante. Estudos sobre o perfil de compostos fendlicos e atividade antioxidante
em polpas de frutas ainda sdo escassos, porém, sdo importantes para elucidar suas
potencialidades funcionais, e assim, contribuir para ampliacdo do seu consumo, devido a
crescente busca por produtos que proporcionem beneficios a satde. Este trabalho teve como
objetivo avaliar a bioacessibilidade de compostos fendlicos e atividade antioxidante de polpa
de frutas brasileiras ap0s a digestao gastrointestinal in vitro. As polpas de frutas utilizadas neste
experimento foram obtidas de diversas agroindustrias brasileiras, todas atendem aos padrdes de
identidade e qualidade exigidos pela legislacdo vigente no Brasil. A digestdo gastrointestinal in
vitro simulou as condic6es da hidrolise enzimatica da boca (a-amilase), estbmago (pepsina) e
intestino (pancreatina) acoplada com uma membrana de dialise para simulacdo a parede
intestinal. A bioacessibilidade de compostos fenolicos foi determinada a partir do porcentual
da fracdo dializada. Para identificacdo e quantificacdo de compostos fenolicos utilizou-se o
sistema de cromatografia liquida acoplado ao detector de UV. A atividade antioxidante da
fracdo dializada foi avaliada pelos métodos de captura de DPPH". e a capacidade redutora do
Fe*2. A analise de componentes principais foi aplicada para verificar similaridades e diferencas
entre aos grupos de compostos fendlicos e métodos de avaliacdo da atividade antioxidante. O
conteldo de compostos fenodlicos e a sua bioacessibilidade variaram nas polpa de frutas
estudadas. O maior conteudo de compostos fenolicos foi encontrado na polpa de mirtilo seguida
de graviola, acai, framboesa, amora-preta, caja, cupuacu e jabuticaba. Os resultados
demonstraram uma maior bioacessibilidade dos flavonoides e acidos fendlicos em relacédo as
antocianinas. A maior bioacessibilidade foi encontrada na catequina, procianidinas, quercetina
3 -glicosideo, rutina, acido siringico, acido caftaricos, acido clorogénico e cis resvesratrol,
contribuindo para atividade antioxidante. As alteracdes no conteddo de compostos fendlicos
refletiram na reducéo da atividade antioxidante apds a simulacéo da digestao gastrointestinal in
vitro. Os resultados evidenciaram que a digestao gastrointestinal in vitro influencia no contetdo
de compostos fendlicos e na atividade antioxidante da polpa de fruta. Além disso, as polpas de
frutas de amora-preta e caja, demonstraram os maiores valores de bioacessibilidade e atividade
antioxidante, e seu consumo através da dieta pode contribuir para 0 aumento da atividade
antioxidante endogena.

Palavras-chave: analise de componentes principais, atividade antioxidante, dialise, digestdo in
vitro



ABSTRACT

In the different biomes of Brazil are produced a great diversity of native and exotic fruits. The
largest production is concentrated in the Amazon Forest, Cerrado, Atlantic Forest and Caatinga
biomes. Currently, some of these fruits, such as acai, cupuagu, graviola, raspberry, jabuticaba,
blackberry, blueberry and caj4, present a high demand in the internal and external markets, due
to the beneficial effects on the health of the consumer, particularly due to the nutritional
composition and presence of bioactive compounds responsible for high antioxidant activity.
Studies on the profile of phenolic compounds and antioxidant activity in fruit pulps are still
scarce, however, they are important to elucidate their functional potentialities, and thus,
contribute to the expansion of their consumption, due to the growing search for products that
provide health benefits. This work aimed to evaluate the bioaccessibility of phenolic
compounds and antioxidant activity of Brazilian fruit pulp after gastrointestinal digestion in
vitro. The fruit pulps used in this experiment were obtained from several Brazilian
agroindustries, all complying with the standards of identity and quality required by the
legislation in force in Brazil. In vitro gastrointestinal digestion simulated the conditions of
enzymatic hydrolysis of the mouth (a-amylase), stomach (pepsin) and intestine (pancreatin)
coupled with a dialysis membrane for simulation of the intestinal wall. The bioaccessibility of
phenolic compounds was determined from the percentage of the dialysate fraction. For the
identification and quantification of phenolic compounds the liquid chromatography system was
coupled to the UV detector. The antioxidant activity of the dialysate fraction was evaluated by
DPPH" capture methods. and the reducing capacity of Fe *2. Principal components analysis was
applied to verify similarities and differences between the groups of phenolic compounds and
methods of evaluation of antioxidant activity. The content of phenolic compounds and their
bioaccessibility varied in the fruit pulp studied. The highest content of phenolic compounds
was found in the blueberry pulp followed by graviola, acai, raspberry, blackberry, caja, cupuacu
and jabuticaba. The results demonstrated a greater bioaccessibility of flavonoids and phenolic
acids in relation to anthocyanins. The highest bioaccessibility was found in catechin,
procyanidins, quercetin 3-glucoside, rutin, syringic acid, caftaric acid, chlorogenic acid and cis
resvesratrol, contributing to antioxidant activity. Changes in the content of phenolic compounds
reflected in the reduction of antioxidant activity after simulation of gastrointestinal digestion in
vitro. The results showed that in vitro gastrointestinal digestion influences the content of
phenolic compounds and the antioxidant activity of fruit pulp. In addition, blackberry and caja
fruit pulps demonstrated the highest values of bioaccessibility and antioxidant activity, and their
consumption through diet may contribute to the increase of endogenous antioxidant activity.

Keywords: antioxidant activity, dialysis, digestion in vitro, principal component analysis,



LISTA DE ILUSTRACOES

ARTIGO

Fig. 1

Fig. 2

Principal component analysis (PCA) of the groups of anthocyanins (A), of
flavonoids (C), phenolic acids (E) and antioxidant activity of the frozen pulps.
Distribution of frozen pulps from different Brazilian biomes according to PCA

(B, D, F). A: acai; C: cupuacu; BA: blackberry; BU: blueberry; CJ: caja; J:
jabuticaba; R: raspberry; S: SOUISOP.. ...oviviiriiiiiit i (3
(A) Principal Component Analysis (PCA) for bioaccessible phenolic compounds
and findings from the antioxidant activity assay of the frozen pulps. (B)
Distribution of the dialyzed fraction from frozen pulps after gastrointestinal
digestion according to PCA. A: acai; C: cupuagu; BA: blackberry; BU: blueberry;
CJ: caja; J: jabuticaba; R: raspberry; S: SOUrSOP...........vvviiiiieeieiieeeeee 74



Tabela 1

ARTIGO

Table 1

Table 2

Table 3

Table 4

LISTA DE TABELAS

Frutos com o respectivo bioma brasileiro de Origem........ccooevverevine i 25

The phenolic profile in frozen pulps of the biomes Amazon Forest, Cerrado,
Atlantic Florest and Caatinga. . .........cccooererereiinenesiene e 67
The phenolic profile in frozen pulps of the biomes Amazon Florest, Cerrado

and Caatinga after the in vitro gastrointestinal digestion........................... 68
The phenolic profile in frozen pulps of the biomes Atlantic Forest after the in
vitro gastrointestinal digestion..............ccooiiiii i
Antioxidant activity of frozen pulps and dialyzed fractions determined by
both FRAP and DPPH® @SSAY........oviriniitiiiiieee e 68



SUMARIO

LINTRODUGAO . ...ttt 11
2 REVISAO DA LITERATURA ...ttt 13
2.1 EXPLORACAO DE FRUTOS NO BRASIL ....ovviiiiieie e 13
2.2 FRUTOS EXPLORADOS NOS BIOMAS BRASILEIROS .......cccovveeeiiiiieeee 14
2.3 COMPOSTOS FENOLICOS DE FRUTOS......outieeeeeeeeeeeeeeeee e 17
2.3.1 Compostos fendlicos de frutos nativos e exdticos explorados no Brasil...... 18
2.4 BIOACESSIBILIDADE DE COMPOSTOS FENOLICOS ......oovoveeieeeeeeee. 20
2.4.1 Bioacessibilidade de compostos fenolicos em frutos...........cccoccveviiiieinene, 22
3MATERIAIS E METODOS ...ttt ettt 25
S.LAMOSTRAGEM ... e e e e e e s e e e as 25
3.2 LOCAL DE EXECUGAO ........oouiieceeieeeeeeeeesee e enes e ses s en s, 25
3.3 DIGESTAO GASTROINTESTINAL iN VItI0 ..c.covveveieieieieeeveceeeeeee e, 26
3.4 ANALISE DOS COMPOSTOS FENOLICOS ......coeveveveveieeceeeceeeee e, 26
3.4.1 Preparo A0S XEFAt0S. .......uueiiuereiiiieeeiieeesiieeesiee e st e e stee e et e e e sreaeesnaaeesnneeesnneas 26
3.4.2 Determinacdo de compostos fenOliCOS..........ccvveviveeiiiee i 27
3.4.3 Atividade antioXidANTE .........cccoiveiiiiiiieie e 28
B3 L DPPH .t 28
BB B2 FRAP. ..t ne e 29
3.5 ANALISE ESTATISTICA ..ottt 29
REFERENCIAS ...ttt sttt 30
4 RESULTADOS E DISCUSSAO ........cocooeeeeeeieeeeeeeseseeeesee s s s 42

ARTIGO: Bioaccessibility of phenolics in frozen pulps produced with fruits distinct
Brazilian biomes using a digestion model coupled with simulated intestinal barrier .... 42

5 CONSIDERAGOES FINAIS .....oocviiiieeieieeete ettt 75



11

1 INTRODUCAO

O Brasil € reconhecido mundialmente como um centro de diversidade de frutos nativos
e exdticos, devido a sua vasta flora (PEREIRA et al., 2012). Essa variedade de frutos esta
distribuida nos diferentes biomas brasileiros, como a Floresta Amazonica, Cerrado, Mata
Atlantica, Caatinga, Pampa e Pantanal, que possuem condi¢cfes edafoclimaticas distintas e
concentram grande parte da producéo de frutos (IBGE, 2004; CANUTO et al., 2010; PEREIRA
et al, 2012; NASCIMENTO et al., 2013; CATAO et al., 2014; SOUZA et al., 2014b; PAZ et
al., 2015; CARVALHO et al., 2015).

A maioria dos frutos brasileiros explorados possuem diferenciadas caracteristicas
sensoriais e composicdo nutricional. Além da presenca de dgua e nutrientes essenciais, como
vitaminas, minerais e fibras, proporcionam beneficios a saide humana que véao alem da nutrigdo
bésica, devido a elevadas quantidades de compostos bioativos (ALMEIDA et al., 2011,
CARDOSO et al., 2011). Dentre os bioativos presentes destaca-se 0s compostos fendlicos, por
exemplo, as antocianinas, flavonoides, acidos fenolicos e estilbenos que contribuem para
prevencdo de doencas cronicas ndo transmissiveis e sao eficazes no aumento da concentracéo
de antioxidantes end6genos que desempenham atividade antioxidante no plasma (RUFINO et
al., 2011; COSTA et al., 2013; MALTA, et al., 2013; SCHIASSI et al., 2018).

Estudos realizados nas ultimas décadas tem demonstrado que embora alguns frutos
apresentem consideravel quantidade de compostos fendlicos, a composicdo da matriz alimentar
influencia na sua estabilidade durante a digestdo gastrica e apenas uma fracdo destes séo
absorvidos no intestino e outra fracdo chegara intacta no colon (REIN et al., 2013; MOSELE
et al., 2015). Os compostos fendlicos para exercer seus efeitos benéficos devem ser liberados
da matriz alimentar apds a ingestao e estarem bioacessiveis para absor¢édo a partir do intestino,
e assim, atingirem a corrente sangiiinea e o tecido alvo (LIANG et al., 2012; RODRIGUEZ-
ROQUE et al., 2013).

Estudos sobre o perfil de compostos fendlicos em polpa de fruta fortalecem o
conhecimento sobre os efeitos benéficos e o potencial de consumo destes produtos (PAZ et al.,
2015). Entretanto, ainda s&o poucos os estudos que relatam os compostos bioativos e atividade
antioxidante in vitro de polpas de frutas brasileiras (TIBURSKI et al., 2011; CARVALHO et
al., 2015; DUTRA et al., 2017).
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Diante do exposto, a pesquisa da bioacessibilidade de compostos fendlicos e atividade
antioxidante de polpas de frutas apds a digestdo gastrointestinal é de extrema importancia
cientifica a fim de elucidar o potencial funcional e a qualidade nutricional das polpas de frutas,
contribuindo para o aumento do consumo pela populagdo e consequentemente fomentar o
desenvolvimento da agroindustria de toda regido inserida no bioma caracteristico das polpas de
frutas.

Considerando estes aspectos, 0 presente trabalho objetivou determinar o perfil de
compostos fendlicos e a atividade antioxidante in vitro de distintas polpas de frutas
comercializadas no Brasil a citar: acai (Euterpe oleraceae Mart.), amora-preta (Rubus spp.),
caja (Spondias mombin L.), cupuagu [Theobroma grandiflorum (Willd. ex. Spreng.) Schum.],
framboesa (Rubus idaeus L.), graviola (Annona muricata L.), jabuticaba (Myrciaria jabuticaba
(Vell) O. Berg), mirtilo (Vaccinium myrtillus L.). Ademais, avaliar os efeitos da digestéo
gastrointestinal in vitro na bioacessibilidade dos compostos fenolicos e a atividade antioxidante

da fracdo bioacessivel das polpas de frutas.
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2 REVISAO DA LITERATURA

2.1 EXPLORACAO DE FRUTOS NO BRASIL

O Brasil € um pais com expressiva producdo de frutos, sendo a fruticultura uma
atividade de extrema importancia para geracdo de renda e desenvolvimento agricola do pais.
Este segmento esta presente em todos o0s Estados brasileiros, gerando cerca de 5,6 milhGes de
empregos, com plantagdes que englobam mais de 2 milndes de hectares (ANUARIO
BRASILEIRO DE FRUTICULTURA, 2017). Nos tltimos anos, a producdo de frutos superou
0s 40 milhdes de toneladas, o que mantém o Brasil como terceiro maior produtor de frutos do
mundo, atras apenas da China e da india (IBGE, 2016).

As diferentes condigdes edafoclimaticas e uma extensa costa litoranea ao longo do seu
vasto territério compreendido em 8.515.759 km? de terra proporcionam ao Brasil uma
diversidade de especies vegetais distribuidas em seis diferentes biomas: Floresta Amazonica,
Caatinga, Cerrado, Floresta Atlantica, Pantanal e Pampa (IBGE, 2017; NERI-NUMA et al.,
2018). Nestes biomas existem uma grande quantidade de espécies de frutiferas nativas e
exoticas, com frutos de elevado valor nutricional e potencial econémico (SCHIASSI et al.,
2018).

Os frutos brasileiros nativos e exdticos apresentam uma boa aceitacdo no mercado
externo, justificado pelas suas caracteristicas sensoriais Unicas e sua elevada concentracdo de
bioativos gerando beneficios a saude do consumidor, . A presenca destes compostos favorecem
a sua valorizacdo e permite atingir um mercado mais especifico como o de produtos com
alegacdo funcional, proporcionando um grande potencial para a exploracdo pela agroindustria
(RUFINO et al., 2010; CONTRERAS-CALDERON et al., 2011; PAZ et al, 2015).

Estes frutos sdo comumente consumidos in natura, entretanto, a alta atividade de agua
causa uma elevada perecibilidade e a disponibilidade sazonal, sdo fatores que dificultam a sua
comercializacdo. O beneficiamento ¢ uma alternativa utilizada para ampliar o consumo de
frutos e propocionar a comercializagdo em distintos mercados, podendo ser produzidos
produtos como sucos, néctares, geleias, doces e polpas de frutas (JESUS; LEITE;
CRISTIANINI, 2018; NERI-NUMA et al., 2018). A polpa de é uma alternativa pratica para o

consumo, que diferencia-se de outros produtos por possuir sua composi¢do e caracteristicas
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sensoriais semelhantes ao do fruto fresco (ALMEIDA et al., 2011; CARDOSO et al., 2011,
CONTRERAS-CALDERON et al., 2011; MOSELE et al., 2015; RUFINO et al., 2011;
SCHIASSI et al., 2018).

A polpa de fruta é definida como o produto ndo fermentado, ndo concentrado e néo
diluido, com um teor minimo de sélidos totais, obtido a partir da parte comestivel do fruto
(BRASIL, 2000). A producdo de polpa de fruta é destinada na preparacdo de doces, produtos
lacteos e bebibas a base de gua ou leite, sendo grande parte de sua comercializagdo destinada
a producdo de bebidas (ZIELINSKI et al, 2014; COSTA; MERCADANTE, 2017).

No Brasil a polpa de fruta destinada ao consumo como bebida é regulamentada pela
Instrucdo Normativa N° 1 de 7 de janeiro de 2000 (BRASIL, 2000), e atualmente, devido ao
seu mercado em expansdo, esta em andamento uma consulta publica para atualizacdo dessa
regulamentacéo, atraves da Portaria N° 58, de 30 de agosto de 2016 (BRASIL, 2016), que inclui
frutos nativos e exdticos ainda ndo contemplados na legislagéo vigente.

A atualizacdo regulamentacdo da producdo € importante para assegurar que as
caracteristicas dos frutos ndo sejam totalmente afetadas ap0s o processamento (BRASIL, 2016),
pois as etapas do processamento do fruto para a obtencéo da polpa de fruta podem em alteracdes
como: modificando cor, compostos bioativos e caracteristicas nutritivas e sensoriais (DUTRA
et al., 2017).

2.2 FRUTOS EXPLORADOS NOS BIOMAS BRASILEIROS

A producdo majoritaria dos frutos brasileiros nativos e exoticos encontra-se nos biomas
Floresta Amazonica, Cerrado, Mata Atlantica e Caatinga que ocupam 49,29%, 23,92%,
13,04%, 9,92% do territdrio brasileiro, respectivamente (IBGE, 2016).

Além de ser a maior reserva de diversidade biol6gica do mundo, a Floresta Amaz6nia é
também o maior bioma brasileiro, estendendo-se por quase metade do territdrio nacional, com
uma area aproximada de 4.196.946 km?, ocupando na sua totalidade os Estados do Acre,
Amapa, Amazonas, Para e Roraima, grande parte de Ronddnia (98,8%), mais da metade de
Mato Grosso (54%), além de parte de Maranhdo (34%) e Tocantins (9%) (IBGE, 2004).

A maior variedade de frutos brasileiros encontra-se no bioma Floresta Amazdnica, que

possui aproximadamente 220 espécies de plantas produtoras de frutos comestiveis, o que



15

representa 44% da diversidade de frutos nativos do Brasil (NEVES et al., 2015; PEREIRA et
al., 2012). Muitos desses frutos sdo explorados de forma extrativista ou cultivados e
comercializados no mercado local na forma de polpa ou in natura, o que confere um baixo valor
agregado (RAMOS et al, 2015).

Os frutos como o0 acai (Euterpe oleraceae Mart.) e o cupuagu [Theobroma grandiflorum
(Willd. ex. Spreng.) Schum.] s&o nativos da regido amazonica, estdo em grande ascenséo
comercial, sdo comercializados em todo territorio nacional e nos ultimos anos tem se destacado
no comércio internacional. O mercado americano, europeu e japonés tem um grande interesse
nos produtos derivados desses dois frutos amazonicos, devido seus compostos bioativos e
propriedades funcionais (GORDON et al., 2012).

O acai € um fruto do tipo baga com 1,0-1,4 cm de didmetro, de coloragéo roxa a negra,
agrupados em cachos (RUFINO et al., 2010). O seu consumo € crescente, devido
principalmente aos beneficios a saude que vem sendo comprovado em estudos cientificos, e por
IS0, 0 acai € conhecido como uma “superfruta”. Essa espécie tem grande potencial econémico,
e sua polpa é utilizada na producdo de bebidas de acai, que séo exportadas em todo 0 mundo
com a alegacao de ser uma bebida energética (YAMAGUCHI et al., 2015).

O cupuacu € um dos frutos amazonicos mais populares, com tamanho de 12 a 15 cm de
comprimento e sabor forte, sua polpa tem uma excelente aceitacdo entre os consumidores para
a preparacdo de doces, cremes, geleias, sobremesas e licores, sendo considerado um fruto
promissor para a industrializacdo (ALVES et al., 2007; TEXEIRA et al., 2011; BARROS et al.,
2016).

O Cerrado é um bioma brasileiro que se estende por um territorio de aproximadamente
2.036.448 km?, ocupando em sua totalidade o Distrito Federal, mais da metade dos Estados de
Goias, Maranhdo, Mato Grosso do Sul, Minas Gerais, Tocantis e mais outros seis Estados da
federacdo ((IBGE, 2016). Este bioma é considerado uma das mais ricas savanas do mundo, com
um vasto patriménio de recursos naturais e fornece muitos frutos com caracteristicas sensoriais
e nutricionais diferenciadas (CARDOSO et al., 2011; SCHIASSI et al., 2018).

Um dos frutos exéticos produzidos no Cerrado é a graviola (Annona muricata L.), um
fruto com casca espinhosa, polpa &cida e fibrosa, com uma a cem sementes de 1-2 cm de
comprimento e seu peso varia de 0,9 a 10 kg. Este fruto possui um sabor exdtico e aroma atrante,
e por isso, desperta o interesse dos mercados locais e da industria, sua polpa é comumente
utilizada na elaboragdo de bebidas, doces e sorvetes, além do consumo in natura (SUN et al.,
2016; JIMENES et al., 2014).
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O bioma Mata Atlantica ocupa aproximadamente 1.110.182 km?, abrangendo
inteiramente trés Estados: Espirito Santo, Rio de Janeiro e Santa Catarina, 98% do Parana e
porcdes de outros 11 Estados, ocorrendo principalmente na costa brasileira (IBGE, 2004).

A Mata Atlantica é uma floresta tropical com a maior biodiversidade do continente
americano (ALEZANDRO et al., 2013; CATAO et al., 2014). Dentre os frutos que podemos
encontrar neste bioma, estdo a jabuticaba [Myrciaria jabuticaba (Vell.) O. Berg], o mirtilo
(Vaccinium myrtillus L.), a amora-preta (Rubus idaeus L.) e a framboesa (Rubus idaeus L.)
(NASCIMENTO et al., 2013; SOUZA et al., 2014a; SOUZA et al.; 2014b). Esses frutos s&o
bagas, conhecidos no mercado internacional como “berry”, que tem despertado nos ultimos
anos o interesse dos consumidores e da industria de alimentos, devido ao alto contetdo de
compostos fendlicos, principalmente as antocianinas (LOPEZ-VIDANA et al., 2016).

A jabuticaba € um fruto nativo de 3-4 cm de diametro, suportadas principalmente nos
troncos principais e ramos da planta, sua casca € roxo intenso, sua polpa € branca e doce e
possui de uma a quatro sementes. Um fruto popular no Brasil que pode ser consumindo in
natura ou na forma de geleia, suco, sorvete, licor e polpa de fruta (REYNERTSON et al, 2006;
LEITE et al., 2011).

O mirtilo € um fruto exdtico do tipo baga que pode atingir até 10 mm de diametro,
proveniente de uma planta arbustiva. Quando maduro é de cor azul e sabor amargo e acido,
pode ser consumido fresco ou em preparacdes de molhos e geleias, além de serem empregados
em suplementos dietéticos e produtos farmacéuticos (GARZON et al., 2010; BUJOR, et al.,
2016; POPOVIC et al., 2016).

A amora-preta é um fruto exdtico de 3 a 12 g, consumida na sua forma fresca, mas
também pode ser utilizada na producdo de polpas congeladas, sucos, geleias, compotas, entre
outros produtos (KAUME; HOWARD; DEVAREDDY, 2011).

A framboesa é um fruto exotico de sabor doce e cor atrativa; com tamanho de até 20
mm. Atualmente, sua exploracdo € crescente e grande parte de sua producdo é destinado ao
preparo de gelatinas, balas, xaropes, polpa de fruta e vinhos (CHEN, et al., 2013; SOUZA et
al.; 2014b).

Os frutos do tipo “berry” possuem uma alta perecibilidade, sua vida ultil é de 2-3 dias a
24°C, o que dificulta o seu cultivo em regides de clima quente (LOPEZ-VIDANA et al., 2016).
Desta forma, a exploracdo das “berrys” na forma de polpa é a alternativa de beneficiamento
efetiva na conservacdo de suas caracteristicas sensoriais e nutritivas (MOZE et al., 2011,
MIKULIC-PETKOVSEK et al., 2012).
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O bioma da Caatinga é exclusivo do Brasil, correspondendo a uma regido semiarida,
que ocupa aproximadamente 60% da regido Nordeste, totalizando uma area aproximada de
844.453 km?, que se estende pelos estados do Ceara, Bahia, Paraiba, Pernambuco, Piaui, Rio
Grande do Norte, Alagoas, Sergipe, Piaui e Minas Gerais (IBGE, 2004; SILVA et al., 2014).
A flora da caatinga apresenta uma diversidade de espécies frutiferas ainda pouco exploradas
comercialmente, a exemplo do caja (Spondias mombin L.) (TRENTIN et al., 2011;
MONTEIRO et al., 2015).

O caja também conhecido como taperaba ou caja-mirim, é um fruto nativo, carnoso, de
forma eliptica com 3-4 cm de comprimento, amarelo e de sabor agridoce. Este fruto tem se
destacado entre produtores, pesquisadores e na indastria, nos mercados nacionais e
internacionais devido as sua qualidade nutricional e potencial de processamento industrial,
sendo muito utilizado como matéria-prima de polpas, sucos, picolés, sorvetes, néctares e geleias
(SOUZA; BLEICHER, 2002; CARVALHO et al, 2015; FREITAS et al., 2017).

2.3 COMPOSTOS FENOLICOS DE FRUTOS

Os compostos fenolicos sdo metabdlitos secundarios dos frutos, sintetizados a partir de
carboidratos, e em geral, produzidos como mecanismos de defesa contra patdgenos e doengas,
a exemplo da protecdo a exposicdo excessiva de radiacdo ultravioleta, além de atrair
polinizadores. S&do caracterizados por possuirem um anel aroméatico com um ou mais
grupamentos hidroxila, e classificam-se como flavonoides, acidos fendlicos, taninos, cumarinas
e estilbenos deferenciando-se de acordo com o nimero de anéis aromaticos e 0s elementos
estruturais que ligam a esses anéis (COSTA et al, 2013; OGAH et al., 2014).

Esses compostos sdo fitoquimicos biologicamente ativos, que se encontram nos frutos
em quantidades variadas e proporcionam inimeros efeitos benéficos ao organismo humano
(TADAPANENI et al. 2014). A presenca de compostos fendlicos em frutos ja foi associada em
estudos in vitro e in vivo a atividade antioxidante, inibicdo da oxidacdo de lipossomas e
inflamacdo de células do cérebro, potencial antiproliferativo, efeitos anti-inflamatorios,
antimutagénicos e imunomoduladores (WESTON et al., 2010; FRAGOSO et al., 2013;
PANDEY et al.; 2016; POULOSE et al., 2014; CARVALHO et al. 2017).
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A atividade antioxidante destes compostos fendlicos de frutos vem sendo alvo de muitas
pesquisas nos Gltimos anos (ALMEIDA et al., 2011; CHEN et al., 2013; POPOVIC et al., 2016;
CARVALHO et al.,, 2017). Esses compostos agem como inibidores e decompositores de
radicais livres, quelantes de metais e eliminadores de oxigénio (PALACIOS et al., 2011).

O excesso de radicais livres no organismo humano, conhecido como estresse oxidativo,
esta associados ao desenvolvimento de uma série de patologias. E o consumo de produtos que
possuem compostos antioxidantes em sua composicao pode contribuir para o equilibrio entre a
poducdo de radicais livres e a protecdo enddgena, atuando na regulacdo do estresse oxidativo
(WOOTON-BEARD; RYAN, 2011).

2.3.1 Compostos fendlicos de frutos nativos e exadticos explorados no Brasil

No acai ja foram identificados aproximadamente 90 compostos bioativos, dentre 0s
quais estdo os compostos fenolicos como flavonoides e pricipalmente antocianinas
(YAMAGUCHI et al., 2015). No perfil fenolico desta fruta ja foram descritos acidos fendlicos,
tais como &cido ferulico, galico, protocatecuico, elagico, vanilico, p-cumarico, siringico, acido
clorogénico, acido 3,4-di-hidroxibenzoico, acido 4-hidroxibenzoico, acido vanilico, acido
cafeico, &cido siringico, acido p-cumarico, antocianinas como cianidina-3-glucosideo,
cianidina-3-rutinosideo, isoorientina e o estiloeno resveratrol (ROJANO et al., 2011;
CARVALHO etal., 2017).

A presenca desses compostos no acai foram relacionados a inibicdo da oxidacdo de
lipossomas, reducdo do dano oxidativo e inflamacdo de células cerebrais, potenciais efeitos
antiproliferativos e anti-inflamatdrios, acdo ateroprotetor e protetora contra carcinogéneses,
além da atividade antioxidante (PACHECO-PALENCIA et al., 2008; NORATTO et al, 2011;
KANG et al., 2012; FRAGOSO et al., 2013, POULOSE et al, 2014).

Santos et al. (2010), avaliou a atividade antioxidante e a correlagio com componentes
bioativos de polpas de cupuacu, concluindo que a capacidade antioxidante das polpas esta
correlacionada com o teor de fendlicos totais. Dentre os fenolicos antioxidantes do cupuagu
estdo hipolaetina 8-O-B-D-glucoronideo, isoscutellareina 8-O-B-D glucuronideo 3”-sulfato,
hipolaetina 3-metil éter, hipolaetina 8-O-B-D glucuronideo 3” — sulfato, epicatequina,

clovamida, acido galico, acido protocatecuico, acido p-hidroxibezoico, &cido vanilico, &cido
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cindmico, &cido p-cumarico, acido cafeico e &cido ferulico (PUGLIESE et al., 2013;
OLIVEIRA; ROGERO; GENOVESE, 2015; BARROS et al., 2016; LOURENCO NETO et al.,
2018).

Segundo Nunes et al. (2013) a polpa de graviola possui uma moderada a fraca atividade
antioxidante pelo método FRAP (Ferric Reducing Antioxidante Power). Porém, apresenta
relevante quantidade de compostos fendlicos e mesmo assim, independente da intensidade da
atividade antioxidante pode ser considerada como uma importante fonte de antioxidantes
dietéticos (MELO et al., 2008). Dentre os compostos fendlicos encontrados neste fruto estdo o
acido cindmico, é&cido p-cumérico, &cido cafeico, catequina, galocatequina, quercetina,
luteolina e galato de epicatequina (JIMENEZ et al., 2014; GEORGE et al., 2015).

Na jabuticaba estdo presentes as antocianinas, € compostos como a quercetina,
isoquercetina, quercitrina, rutina, miricetina, acido galico, &cido protocatecuico, acido elagico.
Esses compostos estéo relacionados ao potencial antioxidante, anti-inflamatorio e citotoxico
(REYNERTSON et al., 2006; LEITE et al., 2011; ALEZANDRO et al., 2013; CASTRO et al.,
2014).

O mirtilo é considerado fonte importante de varios compostos fendlicos, tais como 0s
flavanois (catequina e epicatequina), flavonois (quercetina, miricetina e rutina), acidos
fendlicos (acido clorogénico, acido cafeico, acido ferulico, acido p-cumaérico, acido elagico,
acido galico), estilbenos (trans-resveratrol), e € rico em antocianinas (delfinidina 3-
galactosideo, cianidina 3-galactosideo, delfinidina-3-arabinosideo, cianidina-3-glucosideo,
petunidina 3-galactosideo, cianidina-3-arabindsideo, petunidina 3-glucosideo, peonidina 3-
galactosideo, petunidina 3-arabindsido, peonidina 3-glucosideo, malvidina 3-galactosideo,
peonidina 3-arabinosideo, malvidina 3-glucosideo, malvidina 3-arabinosideo), que constitui
cerca de 90% do total de fendlicos, essa elevado conteudo de fendlicos proporciona ao mirtilo
um alto potencial antioxidante e efeitos bioldgicos como o protetor contra carcinogéneses, anti-
inflamatdrio e atividade antimicrobiana (ZIBERNA et al., 2010; MOZE et al., 2011).

Devido ao conteudo de compostos fendlicos, as amoras-pretas possuem algumas
propriedades bioldgicas, tais como atividade antiproliferativa, e protetor contra carcinogéneses
e elevada atividade antioxidante (SEERAM et al., 2006; MCDOUGALL et al, 2008; SOUZA,
et al., 2014b). Essas propriedades sdo devido principalmente ao alto contetdo de antocianinas
como: cianidina 3-galactosideo, cianidina 3-glicosideo, cianidina 3-arabinosideo, cianidina 3-
xilosideo, malvidina 3-arabinosideo, perlagonidina 3-glucosideo, cianidina-3-rutinosideo,

ciadinina 3-(3-malonil) glicosideo, ciadinidina 3-(6-malonil) glicosideo; e flavonois como
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quercetina 3-glicosideo, quercetina 3-glicosideo, quercetina 3-rutinosideo, quercetina 3-
xilosilglucuronideo, quercetina 3-glicosilpentosideo, kaempferol 3-glicuronideo, kaempferol 3-
glicosideo, kaempferol 3-galactosideo, quercetina 3-glicuronideo, quercetina 3-O-[6-(3-
hidroxi-3-metil-glutaroil)  -B-D-galactosideo, miricetina, quercetina 3-metilhexosideo,
quercetin 3-oxalylpentosideo (KAUME, HOWARDE, DEVAREDDY, 2014).

A framboesa é considerado uma fonte de compostos fendlicos, como as antocianinas
(cianidina 3-glicosideo, cianidina-3-sophorosideo, cianidina-3-glicosilrutinosideo, cianidina-3-
rutinosideo, pelargodina-3-glicorutinosideo, pelargodina-3-sophorosideo, pelargodina-3-
rutinosideo), ellagitaninas (lambertianina C e acido elagico), flavonoides (catequina, kampferol
-3-glucoronideo, quercetina 3-glucoronideo) e acidos fenolicos (&cido galico, acido p-
hidroxibenzoico, acido p-cumarico, acido cafeico, acido ferulico, acido sinépico, acido vanilico
e acido cindmico) (RAO; SNYDER, 2010; KULA; KRAUZE-BARANOWSKA., 2016a).
Dentre as atividades biologicas que esses composto apresentam, estdo a antioxidante,
antiinflamatodria, antimicrobiana e propriedades anticancerigenas (JEONG et al., 2010;
RAUDONE et al., 2014; KULA; KRAUZE-BARANOWSKA, 2016b).

A polpa do caja apresenta alto conteddo de compostos fendlicos totais e uma boa
capacidade de complexar o radical DPPH* (VASCO; RUALES; KAMAL-ELDIN, 2008;
TIBURSKI et al., 2011). Porém, estudos com enfoque no perfil de compostos fendlicos deste

fruto sdo escassos na literatura.

2.4 BIOACESSIBILIDADE DE COMPOSTOS FENOLICOS

A bioacessibilidade dos compostos fenolicos refere-se a quantidade desses compostos
que atravessam a parede intestinal e que tornam-se disponivel para absorcdo na corrente
sanguinea. E importante o conhecimento sobre a bioacessibilidade dos fendlicos das diversas
matrizes alimentares, pois € uma indicacdo preditiva sobre a quantidade que estes serdo
absorvidos na parede intestinal (WOOTTON-BEARD; RYAN, 2011).

Para que os compostos fendlicos estejam bioacessiveis é necessario que sejam liberados
da matriz alimentar, e assim disponiveis para utilizacdo em funces fisiol6gicas normais, sendo
a fracdo que atravessa a parede do intestino considerada a fracdo bioacessivel
(TAGLIAZUCCHI et al., 2010; LIANG et al., 2012; CILLA et al., 2016).
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Em uma matriz alimentar, deve-se ser considerado a interacdo dos compostos fendlicos
com os demais constituintes alimentares, pois essa interacdo pode aumentar ou diminuir a
bioacessibilidade destes (SENGUL; SUREK; NILUFER-ERDIL, 2014). Entretanto, 0s
compostos fendlicos mais bioacessiveis ndo sdo necessariamente aqueles presentes em
concentragdes mais elevadas na matriz alimentar (TAGLIAZUCCHI et al., 2010).

A digestdo gastrointestinal in vitro simula algumas condicGes gastrointestinais
bioldgicas (enzimas gastricas e pancredticas) e quimicas (pH, temperatura e sais biliares), como
também avalia 0 quéo estaveis e bioacessiveis sdo 0s compostos fendlicos e consequentemente
a atividade antioxidante destes compostos apds o processo de digestdo (TAGLIAZUCCHI et
al., 2010). Esse método é empregado para a avaliacdo da bioacessibilidade, devido a seguranga,
rapidez e ndo possuir restricdes éticas quando comparado com o método in vivo (YOU et al.,
2010).

Dentre os fatores de influéncia na bioacessibilidade estdo a estrutura quimica dos
compostos, o material vegetal, a fibra dietética, o contetdo proteico e sua possivel interacéo
molecular com os compostos fendlicos, o pH, atemperatura, a presenca enzimas e de inibidores
ou potencializadores de absor¢do (SAHAN et al., 2017).

Um exemplo de como as condicbes do meio trato gastrointestinal afetam a
bioacessibilidade, € a transicdo do ambiente gastrico acido para o intestinal alcalino que pode
causar uma diminuicdo na quantidade de flavonoides bioacessiveis, como a antocianina que €
instavel no pH intestinal (BOUAYED; HOFFMANN; BOHN, 2011). Essa instabilidade foi
demonstrada por Peixoto et al. (2016), que observaram que a bioacessibilidade das antocianinas
de jabuticaba diminuiu de 45% no ambiente gastrico para 10% no ambiente intestinal.

O contetdo de flavonoides em uma matriz pode ser aumentado apds a simulacdo das
condicdes gastricas, como foi observado em polpa de mangaba, onde ocorreu um aumento de
125,37 % da rutina apds a simulacédo da fase gastrica. Os autores explicam que o aumento pode
ser devido a geracdo da rutina a partir da quercetina, sua forma aglicona, pois as condi¢coes
acidas podem ter favorecido a ruptura das ligagdes com acucares (DUTRA et al., 2017).

Em um estudo que avaliou aa bioacessibilidade de compostos fendlicos de variedades
de macas, Bouayed; Hoffmann e Bohn (2011) verificaram que as enzimas digestivas intestinais
possuem efeitos na liberacdo de flavonoides ligados a matriz, contribuindo para o aumento do
conteldo total desses compostos.

O processamento dos alimentos também pode influenciar no aumento dos compostos

fendlicos bioacessiveis, como consequéncia da ruptura celular de paredes vegetais, dissociacéo
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dos complexos nutrientes-matriz ou transformacgdes em estruturas moleculares mais ativas
(CILLA et al., 2016). Hithamani e Srinivasan (2014a) avaliaram o efeito do cozimento sob
pressao em relacdo a bioacessibilidade de flavonoides de cereais, e concluiram que o cozimento
sob pressdo aumentou a bioacessibilidade de flavonoides presentes em Eleusine coracana e
Pennisetum glaucum. Em outro estudo Hithamani e Srinivasan (2014b), verificaram os efeitos
do cozimento sob pressdo e do aquecimento em micro-ondas sobre a bioacessibilidade de
compostos fendlicos de gréo-de-bico, e foi observado um aumento na bioacessibilidade desses
compostos ap6s serem submetidos ao cozimento sob pressdo, porém ocorreu uma reducao
quando o gréo de bico foi submetido ao aquecimento em micro-ondas.

Kamiloglu e Capanoglu (2013) observaram que a secagem de figos pode ter efeito
adverso sobre a bioacessibilidade dos compostos fenolicos, o que pode levar a diminuicdo da
fracdo absorvida no intestino delgado em comparagdo com os figos frescos.

Em sistema de digestdo gastrointestinal que simulam a parede intestinal do intestino
com o uso de membranas dialisaveis, observou-se a reducdo da fracdo bioacessivel de
compostos fendlicos, que estavam presentes tanto na forma livre como complexados a outros
constituintes da matriz, como a proteinas, polissacarideos, complexos minerais, que possuem
solubilidade reduzida e que levam a baixa bioacessibilidade (BOUAYED; HOFFMANN;
BOHN, 2011).

Desta forma, € importante considerar a absorcao e a atividade dos diversos compostos
fendlicos oriundos de alimentos, em relacdo as diversas condicdes fisioldgicas do trato
gastrointestinal de humanos, compreendendo os fatores que afetam a bioacessibilidade desses
compostos, sua importéncia biologica e eficacia como ingredientes funcionais (CORREA-
BETANZO et al, 2014; KOSINSKA-CAGNAZZ0, 2015).

2.4.1 Bioacessibilidade de compostos fendlicos em frutos

Nos altimos anos, estudos com foco na bioacessibilidade de compostos fendlicos em
frutos vém sendo realizados. Esses estudos ja demonstraram que as caracteristicas fisico-
quimicas como tamanho molecular, estrutura basica, grau de polimerizagdo e conjugacdo com
outros fendlicos influenciam na absorcao e no metabolismo desses compostos (CARBONELL-
CAPELLA et al, 2014).
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Em um estudo simulando as condi¢des da digestdo gastrointestinal Pavan, Sancho e
Pastore (2014), avaliaram os extratos de araticum (Annoma marcgravii), jaca (Artocarpus
heterophillus) e maméo (Carica papaya), em relacéo aos efeitos sobre a atividade antioxidante
dos compostos fendlicos. Estes autores relataram que apds a digestdo in vitro, a atividade
antioxidante dos extratos de araticum e jaca aumentaram significativamente, e ocorreram
reducbes no contetdo de compostos fendlicos totais nos extratos de araticum e mamao, essas
reducdes podem estar relacionada a instabilidade desses compostos em pH mais alcalino,
demonstrando que a composicdo desses extratos pode ser afetada durante o processo de
digestéo.

Correa-Betanzo et al. (2014), avaliaram a bioacessibilidade de compostos fendlicos de
mirtilo selvagem (Vaccinium angustifolium) através da digestdo gastrointestinal in vitro. Os
resultados demonstraram que apés a digestao intestinal ocorreu uma diminuicdo de 49% dos
fendlicos (&cido clorogénico, quercetina, seringetina 3-galactoside) e de 15% de antocianinas
(delfinidina 3-galactosideo, delfinidina 3-glicosideo, delfinidina 3-arabinose, cianidina 3-
glicosideo, petunidina 3-galactose, peonidina 3-galactose, malvidina 3-galactose, malvidina 3-
glicosideo, malvidina 3-arabinose, delfinidina 6-acetil 3- glicosideo, malvidina 6-acetil 3-
glicosideo) quando comparados com as amostras ndo digeridas. Foram detectados apenas tracos
de delfinidina 3-arabinose e petunidina 3-galactose, apesar desses compostos terem sido
detectados nas amostras ndo digeridas e apos a fase gastrica. Os autores sugerem que esse
resultado € devido a alteracGes estruturais das antocianinas durante a passagem pelo trato
gastrointestinal, resultado da clivagem do anel benzopireno das antocianinas em condicdes
alcalinas.

Bouayed, Hoffmann e Bohn (2011), estudaram os fenolicos livres de quatro variedades
de macds em um modelo in vitro de digestao gastrointestinal, incluindo a dialise, e observaram
uma maior liberacdo dos compostos fendlicos totais na fase gastrica, cerca de 65% ocorrendo
uma liberacdo adicional menor que 10% durante a digestdo intestinal, mas este efeito ndo foi
significativo para todos os tipos de macas. Os autores relataram que as quantidades de
compostos fendlicos foram inferiores quando comparados com o da extra¢do quimica, sendo
um indicio da liberacdo incompleta ou degradacdo dos composto fendlicos durante a digestao.

A bioacessibilidade e atividade antioxidante dos polifendis de uvas vermelhas foram
avaliados por Tagliazucchi et al. (2010), esses autores relataram que a quantidade de polifenois,
flavondides e antocianinas bioacessiveis, aumentaram durante a digestdo gastrica, e cerca de

90% dos polifendis extraidos foram flavonoides, sendo que cerca de 15% desses polifendis
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foram perdidos durante a transicdo do ambiente gastrico acido para o ambiente intestinal
alcalino. Na fase de incubacdo com solugdo pancredtica, ocorreu um aumento da
bioacessibilidade dos polifendis e flavondides, enquanto que a bioacessibilidade das
antocianinas diminuiu, sugerindo que as antocianinas das uvas vermelhas, sdo estaveis em
condi¢des &cidas, e sdo degradadas nas condi¢des alcalinas do intestino.

Liang et al. (2012), avaliaram a bioacessibilidade in vitro e a atividade antioxidante das
antocianinas das amoras (Morus atropurpurea Roxb). Os resultados demonstraram que a
bioacessibilidade das antocianinas diminuiu apds a digestdo intestinal, recuperando apenas
0,34% na fracdo absorvida, e 4,58% na fracdo ndo absorvida. Além disso, foi demonstrada uma
boa capacidade de complexar os radicais DPPH" e ABTS’, usados para avaliar a atividade
antioxidante apds a digestdo. Os autores sugerem que os fendlicos gerados pela degradacdo das
antocianinas contribuem para a capacidade antioxidante, pois perdem o seu glicosideo, gerando
compostos fenolicos como o resveratrol, miricetina, epicatequina galato, derivados de
quercetina, acido cafeico, acido ferulico e o &cido de quinina acilado.

A estabilidade ap0s a digestdo in vitro dos &cidos fenolicos de blackthorn (Prunus
spinosa L.) foi estudada por Pinacho et al. (2015), que observaram o0s niveis de acido
protocatecuico, acido galico e acido cafeico reduziram menos de 5% apds a simulacdo da fase
intestinal. A estabilidade dos acidos fenolicos também foi relatada por Dutra et al. (2017), que
observou uma alta bioacessibilidade do &cido trans-cinamico (127,580 %) em polpa de umbu-
caja (Spondias spp.). Esses estudos corroboram com a alegacdo de que os &cidos fendlicos
presente em frutos podem ser resistentes a alteracdo de pH e hidrélise enzimatica (PINACHO
et al., 2015). Porém a geracdo desses compostos pode ser devido a rearranjos quimicos que
hidrolisam ligac6es, a exemplo de ligacdes ester de ellagitaninas, que apds a simulacdo das
condicBes gastrointestinais se rearranjam como acido eldgico (ALMINGER et al., 2014).
Ademais, os acidos fendlicos possuem um baixo peso molecular o que favorecem a sua
estabilidade ap6s a digestdo intestinal (CARBONELL-CAPELLA et al, 2014).

Dutra et al. (2017) também avaliaram a bioacessibilidade de flavonoides de umbu-caja,
apos a simulacao da digestao gastrointestinal, e observaram um aumento dos flavonoides, sendo
a catequina o flavonoide que apresentou a mais alta bioacessibilidade (69,94%). Os autores
concluiram que as enzimas digestivas presentes, favorecem a liberagéo dos flavonoides ligados
a matriz e em valores de pH intestinal hidrolisam parcialmente as proantocianinas, resultando

na alta da bioacessibilidade da catequina.
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3 MATERIAIS E METODOS

3.1 AMOSTRAGEM

As polpas de frutas (Tabela 1) utilizadas neste estudo foram obtidas de diversas
agroindustrias brasileira. Todas as polpas de frutas atendiam aos parametros de identidade e
qualidade exigidos na legislacdo braisileira (BRASIL, 2000).

Tabela 1: Frutos explorados em distintos biomas no Brasil

Bioma Frutos Nome cientifico

Floresta Amazonica Acai Euterpe oleraceae Mart.

Cupuacgu Theobroma grandiflorum (Willd. ex. Spreng.) Schum.
Mata Atlantica Jabuticaba Myrciaria jabuticaba (Vell.) O. Berg

Mirtilo Vaccinium myrtillus L.

Amora-preta Rubus spp.

Framboesa  Rubus idaeus L.
Caatinga Caja Spondias mombin L.

Cerrado Graviola Annona muricata L.

3.2 LOCAL DE EXECUCAO

Os ensaios e procedimentos para a simulacdo da digestdo gastrointestinal in vitro e a
determinacdo da atividade antioxidante forma conduzidos no Laboratorio de Analise Fisico-
quimicas e no Laboratério de Processamento de alimentos localizados no Centro de Tecnologia
de Desenvolvimento Regional (CTDR) da Universidade Federal da Paraiba (UFPB). Os
compostos fendlicos foram identificados e quantificados no Instituto Federal do Sertdo

Pernambucano, as amostras foram amazenadas e transportadas sob congelamento (-18°C).
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3.3 DIGESTAO GASTROINTESTINAL in vitro

O ensaio de digestdo gastrointestinal in vitro foi realizado de acordo com o descrito por
Rodriguez-Roque et al. (2013), com modificagdes. A digestdo in vitro das polpas de frutas foi
conduzida por duas etapas, a digestdo gastrica, seguida da digestdo intestinal. Incialmente foi
adicionada a 50 mL de cada polpa de fruta, 5 mL de solugdo salivar (2,38 g de Na;HPO4, 0,19
g de KH2PO4, 8 g de NaCl e 200 U/L de a-amilase) em frascos ambar. Posteriormente, essa
mistura foi incubada por a 37 + 2°C por 10 min com agitacdo de 90 rpm. Afim de simular
a digestdo gastrica foi adicionado 1 mg de pepsina porcina e pH ajustado para 2 com HCI 0,1
mol/L, com posterior incubacgéo a 37 = 2°C por 2 h sob agitacdo a 90 rpm., e por fim arrefecida
num banho de gelo. As amostras entdo seguiram para digestdo intestinal, onde 60 cm do
segmento da membrana de dialise foi preenchido com 15 mL de NaHCOz (0,5 mol/L). A
membrana foi completamente imersa nas amostras da digestdo até pH 5,0 ser atingido. Depois,
foi adicionado 5 mL de uma solugdo com pancreatina (0,12 g) e sais biliares (0,75 g). As
amostras foram incubadas sob agitacdo (95 rpm) a 37 + 2°C °C durante 2 h para completar a
fase intestinal. Ao final a membrana de dialise foi retirada e enxaguada com a agua destilada,
sendo esta a fracdo retida na membrana a fracdo absorvida e portanto, bioacessivel.

A bioacessibilidade foi expressa em porcentagem e foi determinada de acordo com a

Equacéo 1.
Bioacessibilidade (%) = (CF digerido/CF nao digerido) x 100 (Equacéo. 1)
Onde:

CF digerido corresponde a concentracdo de compostos fendlicos das polpas digerida e CF ndo

digerido a concentracdo de composto fendlicos das polpas ndo digeridas.

3.4 ANALISE DOS COMPOSTOS FENOLICOS

3.4.1 Preparo dos extratos
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Foram preparados extratos fendlicos das polpas e fragcdes absorvidas e ndo absorvidas,
onde foi adicionado 5 g de polpa ou totalidade das fragdes digeridas e ndo digeridas em 10 mL
de metanol e o pH reduzido para 2 com adi¢do de HCI 0,1 mol/L. Seguindo para uma extracao
em banho de ultrassom (UNIQUE, modelo USC-1800, Brasil) a 40 KHz durante 30 min a 25°C.
Posteriormente foi centrifugada a 6000 g por 15 min usando centrifuga, modelo SL-701 (Solab,
Sé&o Paulo, Brasil). O extrato foi concentrado utilizando um evaporador rotativo (Fisatom 802,
S@o Paulo, Brasil). Estes extratos foram utilizados para a quantificagdo da atividade
antioxidante e a identificacdo e quantificacdo de compostos fendlicos por Cromatografia
Liquida de Alta Eficiéncia (CLAE) .

3.4.2 Determinacgéo de compostos fendlicos

O perfil dos compostos fenolicos foi identificado e quantificado nas polpas de frutas e
nas fracbes absorvidas e ndo absorvidas através da cromatografia liquida de alta eficiéncia
(CLAE).

O sistema cromatografico foi o Agilent 1260 Infinity LC (Agilent Technologies, Santa
Clara, CA, EUA), equipado com bomba quaternaria com solvente (modelo G1311C), degassor,
amostrador automatico (modelo G1329B), compartimento de coluna termostatico (modelo
G1316A) e Diodes Array Detector (DAD) (modelo G1315D). A separagdo cromatografica para
compostos fendlicos foi realizada em uma coluna 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
a 35 °C. As aquisices de dados foram realizadas usando o software OpenLAB CDS
ChemStation EditionTM (Agilent Technologies).

A caracterizacdo de compostos fenolicos foi realizada segundo Padilha et al. (2017),
com modificacbes. Os extratos das polpas de frutas foram filtrados através de um filtro de
seringa 0,45 um (PTFE) e em seguida injetou-se 20 pL. As fases moveis foram compostas por
agua acidificada com 0,1 M de acido fosforico (pH 2,0, fase A) e metanol acidificado com 0,5%
de &cido fosforico (fase B); foi utilizado um caudal de 0,8 mL.min-1. A eluicdo foi completa
em 33 minutos usando um gradiente: 0-5 min: 5% B; 5-14 min: 23% B; 14-30 min: 50% B; 30-
33 min: 80% B (retorno das condigdes iniciais). A deteccdo dos compostos foi no comprimento

de onda de 220 nm para catequina, epicatequina, epicatequina galato, epigalacatequina galato,
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procianidina B1, procianidina B2, procianidina A2 e procianidina A2; 280 nm para &acidos
gélico e siringico, hesperidina, cis-resveratrol e naringenina; 320 nm para cido caftarico, acido
cafeico, acido clorogénico, acido p-cumaérico e trans-resveratrol; 360 nm para quercetina 3-
glicosideo, rutina e Kaempferol; e 520 nm para malvidina 3,5-diglicosideo; malvidina 3-
glicosideo, cianidina 3,5-diglicosideo, cianidina 3-glicosideo, pelargonidina 3,5-diglicosideo,
pelargonidina 3-glicosideo, peonidina 3-glicosideo, petunidina 3-glicosideo, delfinidina 3-

glicosideo.

3.4.3 Atividade antioxidante

Métodos distintos foram empregados para avaliar a atividade antioxidante das polpas e
fracdo absorvida, sdo eles: DPPH" (2,2-difenil-1-picrilhidrazil) e FRAP (ferric reducing

antioxidant power).

3.4.3.1 DPPH"

A capacidade dos antioxidantes presentes no extratos de complexar o radical estavel
DPPH-" foi avaliada de acordo com o metodo descrito por Brand-Williams, Cuvelier e Berset
(1995), com modificacdes. Um solucdo de 0,06 mmol.L* de DPPH" foi preparada diluida em
metanol. Posteriormente uma aliquota de de 2,9 mL da solucdo de DPPH' foi adicionada a uma
aliquota de 90 L do extrato da polpa e a absorbancia medida a 515 nm apds 30 min utilizando
um espectrofotdmetro Cary 60 (Agilent Technologies, Malasia). A curva padrao foi realizada

com Trolox e os resultados expressos em UM Trolox/ g de polpa seca.
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3.4.3.2 FRAP

A capacidade dos antioxidantes presentes nos extratos em reduzir o ferro foi
determinada pelo método FRAP, segundo Rufino et al. (2006), com modifica¢des. Inicialmente
foi preparado o reagente FRAP com tampdo acetato 0,3 M (pH 3,6), TPTZ (2,4,6-tris (2-
pyridyl)-s-triazine) 10 mM/L em uma solucdo de HCI 40 M/L e FeCI3 20 mM. Em uma aliquota
de 90 pL do extrato foi adicionado 270 pL de dgua destilada e 2,7 mL do reagente FRAP.
Posteriormente foram agitadas e mantida num banho de agua durante 30 minutos a 37 °C. A
absorbancia foi medida a 595 nm em espectrofotometro Cary 60 (Agilent Technologies,
Malasia). A curva padréo foi realizada com Trolox e os resultados expressos em uM Trolox /
g de polpa seca.

3.5 ANALISE ESTATISTICA

As diferencas entre o contetdo dos compostos fendlicos e atividade antioxidante das
polpas de frutas foram avaliadas utilizando a analise de variancia (ANOVA) e média (Tukey,
p < 0.05). O teste -t foi utilizado para medir as diferencas (p < 0.05) entre a atividade
antioxidante antes e ap0s da digestdo gastrointestinal in vitro em polpas congeladas. A andlise
de componentes principais (PCA) foi aplicada ao contetdo de compostos fendlicos e % de
bioacessibilidade de compostos fendlicos na polpa de fruta, a fim de facilitar a visualizacéo de

resultados. Todas as anélises estatisticas foram realizadas com Statistica Software 5.1.
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Abstract

The bioaccessibility of phenolics and antioxidant activity were determined in acai, cupuacu,
blackberry, blueberry, jabuticaba, raspberry, caja and soursop frozen pulps (FPs) using a
digestion model coupled with a simulated intestinal barrier. Cyanidin 3-glucoside (6.56%) and
pelargonidin 3-glucside (28.33%) were bioaccessible in blueberry and raspberry. Catechin had
the highest bioaccessibility in blueberry (270.71%), blackberry (137.51%), and jabuticaba
(99.52%), while the highest bioaccessibility of epicatechin (153.59%) and syringic acid
(147.14%) was observed in blueberry. Procyanidin B1 presented the highest bioaccessibility in
caja (102.79%) and blackberry (87.62%) and contributed to the high DPPH" scavenging activity
observed in these FPs. The bioaccessible fraction in soursop consisted of caffeic (8.18%), p-
coumaric (7.36%), caftaric (7.96%) and chlorogenic acids (11.08%), and these acids were
correlated with the iron reduction capacity of this FP. Our study assessed the bioaccessible
phenolics in several FPs and showed that those found in caja and blackberry FPs possess the

highest antioxidant activity.

Keywords: antioxidant, dialysis, exotic fruit, in vitro digestion
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1 Introduction

Several studies have shown the benefits of fruit consumption for a healthy diet; fruits are
valuable sources of bioactive compounds, especially phenolic compounds (Karas, Jakubzyk,
Szymanowska, Zlotek, & Zielinska, 2017). The beneficial effects of phenolic compounds are
mainly related to their antioxidant activity; antioxidants have a positive impact on several
chronic conditions, such as obesity, diabetes, cancer, and cardiovascular and neurodegenerative
diseases (Costa, Garcia-Diaz, Jimenez, & Silva, 2013).

Brazil is a large tropical country with high biodiversity in its different biomes. Native or exotic
fruits grown in Brazil have gained popularity in the market partly due to their pleasant flavors
and color, but mostly because they are considered rich sources of bioactive compounds (Paz et
al., 2015; Carvalho, Silveira, Mattietto, Oliveira, & Godoy, 2017).

The majority of the production of these fruit species of interest to the food industry occur in the
Amazon Forest, Cerrado, Atlantic Forest and Caatinga Brazilian biomes (Costa et al., 2013;
Paz et al., 2015), which correspond to 49.29%, 23.92%, 13.04%, and 9.92% of the country’s
territory, respectively (IBGE, 2016).

In recent years, fruits produced or explored in Brazil have been extensively studied because of
their remarkable antioxidant activity, which is primarily associated to high concentrations of
phenolic compounds (Clerici & Carvalho-Silva, 2011; Dutra et al., 2017; Neri-Numa Sancho,
Pereira, & Pastore, 2018). Studies have reported great contents of phenolics and antioxidant
activity in Brazilian red-purple fruits such as acai, jabuticaba and jambolao fruit (Costa et al.,
2013; Jesus, Leite, & Cristianini, 2018), as well as in yellow fruits from Caatinga biome such
as mangaba, seriguela, umbu-caja fruit and their frozen pulps (FP) (Dutra et al., 2017). Other

fruits, typical from Amazon biome such as cupuacgu (Barros, Garcia-Villalba, Toméas-Barberan,



46

& Genovese, 2016), achachairu, araca-boi and bacaba fruit (Neri-Numa et al., 2018) have also
received attention because the high content of bioactive compounds.

Fruits are highly perishable due the action of enzymes and spoiling microorganisms; thus, pulp
processing has been the primary means to allow the worldwide exportation of Brazilian fruits
(Clerici et al., 2011; Jesus et al., 2018; Neri-Numa et al., 2018). Frozen pulps (FPs) are a
practical alternative to include in bakery and dairy products and are widely used in the
preparation of beverages (Costa, & Mercadante, 2018). An earlier study reported that pulp
processing may increase the bioaccessibility of free phenolic compounds in the mangaba and
umbu-caja fruit, but decrease the free phenolic compounds in siriguela fruit (Dutra et al., 2017).
To provide health benefits, the compounds of interest must be released from the food matrix
post-ingestion and become bioaccessible in the gastrointestinal tract; then, the compounds must
undergo metabolism and reach the target tissue of action (Rein, Renouf, Cruz-Hernandez,
Actis-Goretta, Thakkar, & Pinto, 2013). The frequently used in vitro gastrointestinal digestion
models use enzymes, bile salts, and sometimes mucin or other biological molecules to assess
the compound bioaccessible (Tagliazucchi, Verzelloni, Bertolini, & Conte, 2010; Schulz, et al.,
2017). However, these models do not simulate the mobility of compounds through the intestinal
barrier.

Results from in vitro digestion models using dialysis membranes to simulate the intestinal
barrier in order to determine bioaccessibility correlate well with the results from in vivo
approaches. Thus, compounds able to cross the simulated intestinal barrier can be considered
bioaccessible (Rodriguez-Roque, Rojas-Grall, Elez-Martines, & Martin-Belloso, 2013). Based
on this premise, compared to that of other models, the application of in vitro digestion models
using dialysis membranes can provide more reliable information about the potential benefits of
bioactive compounds (e.g., fruit phenolic compounds) that are present in food matrices

(Bouayed, Hoffmann, & Bohn, 2011; Mosele, Macia, Romero, Motilva, & Rubi6, 2015;
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Peixoto et al., 2016; Rodriguez-Roque et al., 2013). However, few studies have focused on
bioaccessibility of frozen pulps of fruits produced on Brazilian biomes using the in vitro
digestion coupled with a simulated intestinal barrier (Dutra et al., 2017).

Considering these aspects, the present study evaluated the bioaccessibility of phenolic
compounds in eight FPs explored in four distinct Brazilian biomes. The antioxidant activity of

the bioaccessible fraction of each frozen pulp was also determined.

2. Material and Methods

2.1. Chemicals and reagents

Methanol and hydrochloric acid (HCI; 37% w/w) were obtained from J.T. Baker (Plillipsburg,
USA) and 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) was supplied by Sigma-Aldrich Chemical, S.
A. (Milano, Italy). The 2,2’-diphenyl-2-picrylhydrazyl hydrate (DPPH") and hydroxy-2,5,7,8-
tetramethylchromane-2-carboxyl acid (Trolox) reagents and pepsin, a-amylase, pancreatin,
glycodeoxycholate, taurodeoxycholate, and taurocholate were purchased from Sigma-Aldrich
Chemical, S. A. (Hamburg, Germany).

Standards of phenolic compounds for HPLC were purchased from Sigma-Aldrich (St. Louis,
MO, USA) and included those of catechin, epicatechin, epicatechin gallate, epigallocatechin
gallate, procyanidin B1, procyanidin B2, procyanidin A2, quercetin 3-glucoside, rutin,
kaempferol glucoside, malvidin 3-glucoside, malvidin 3,5-diglucoside, cyanidin 3-glucoside,
cyanidin 3,5-diglucoside, pelargonidin 3-glucoside, delphinidin 3-glucoside, peonidin 3-
glucoside, petunidin 3-glucoside, gallic acid, caffeic acid, p-coumaric acid, syringic acid,
caftaric acid, chlorogenic acid, trans-resveratrol, cis-resveratrol, naringenin and hesperidin.

Other chemicals used in the experiments were of analytical reagent grade.



48

2.2. Frozen pulp samples

This study evaluated FP from fruits cultivated or explored in Brazilian biomes as follows: agai
(Euterpe oleracea Mart.) and cupuagu (Theobroma grandiflorum) from the Amazon Forest;
blackberry (Rubus spp.), blueberry (Vaccinium myrtillus L.), jabuticaba (Myrciaria jaboticaba
(Vell.) O. Berg) and raspberry (Rubus idaeus) from the Atlantic Forest; caja (Spondias mombin
L.) from the Caatinga; and soursop (Annona muricata) from the Cerrado. FP of acai, cupuacu,
jabuticaba, caja and soursop were donated by an agroindustrial company located in Northeast
Brazil (Jodo Pessoa, Paraiba, Brazil). FPs of blackberry, blueberry and raspberry were acquired
from an agroindustrial company located in South Brazil (Caxias do Sul city, Rio Grande do Sul,
Brazil). All FPs were in accordance with the parameters of identification and quality required
by Brazilian Legislation (Brasil, 2000; Brasil, 2016) and were stored at -18°C until the time of

the analysis.

2.3. In vitro gastrointestinal digestion model coupled with a simulated intestinal barrier

The in vitro digestion procedure (mimicking physiological gastrointestinal conditions) that was
used in the present study followed the procedures previously described by Dutra et al. (2017).
The system included three sequential phases (oral, gastric and small intestine, which included
dialysis). In the oral phase, 5 mL of saline solution (2.38 g of Na;HPO4, 0.19 g of KH2PO4, 8 g
of NaCl and 200 U/L a-amylase) was mixed with 50 mL of each fruit pulp. The mixture was
shaken for 10 min at 37 £ 2 °C at 90 turns. Then, to simulate the gastric digestion, 13 mg of
pepsin was added to the mixture, and the pH was adjusted to pH 2 with 0.1 mol L™ HCI. After

incubation of this mixture at 37 + 2 °C in the shaker at 90 turns for 2 h, the mixture was cooled
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in an ice bath. Finally, the mixture was subjected to simulated small intestinal digestion using
a cellulose dialysis membrane (molecular weight cutoff of 12,000 Da) filled with NaHCOs (0.5
mol L). The membrane was placed in the gastric-digested samples until the pH reached 5.0.
Next, a solution containing pancreatin and bile salts were added, and the mixture was incubated
at 37 £ 2 °C and 90 turns for 2 h. The dialysis membrane was removed after completion of the
intestinal phase and was rinsed with distilled water. The fraction able to cross the dialysis
membrane (simulated intestinal barrier) was considered the bioaccessible fraction and therefore
supposedly available for absorption (Dutra et al., 2017). The results, expressed as percentages,

were determined as follows (Eqg. 1):

Bioaccessibility (%) = (BC dialyzed/BC non-dialyzed) x 100

1)

where BC dialyzed corresponds to the phenolic compound concentration in the dialyzed
fractions (bioaccessible fraction) and BC non-dialyzed is the phenolic compound concentration

in FP.

2.4. Extraction of phenolic compounds

Samples (5 g) of pulp, dialyzed fraction (IN) and non-dialyzed fraction (OUT) were added to
10 mL of methanol, and the pH was reduced to 2 by the addition of 0.1 mol L™ HCI. Samples
were submitted to extraction under ultrasonication at 40 kHz for 30 min at 25 °C (UNIQUE,
model USC-1800, Brazil). Afterwards, the extract was centrifuged at 6000 x g for 15 min (SL-
701 centrifuge; Solab, Sdo Paulo, Brazil) and the supernatant (phenolic extract) was collected.

Then, the phenolic extract solvent was concentrated using a rotary evaporator at 35 °C (Fisatom
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802, Sé&o Paulo, Brazil). A 1 mL aliquot of extract was filtered through a 0.45 pum syringe filter
(PTFE) and used for quantification of phenolic compounds using high-performance liquid

chromatography (HPLC). The same extract were used in assays of antioxidant activity.

2.5 Antioxidant activity assays

Different methods were used to evaluate the antioxidant activity of the FP and dialyzed fraction.
The ability of the antioxidants to scavenge DPPH" free radicals was analyzed using the method
described by Brand-Williams, Cuvelier, and Berset (1995), with some modifications. A
solution of 0.06 mmol/L DPPH" was prepared by diluting the compound in methanol.
Subsequently, a 2.9 mL aliquot of the DPPH" solution was added to 100 pL of pulp extract at
varying concentrations and after 30 min, the absorption was measured at 515 nm using a Cary
60 spectrophotometer (Agilent Technologies, Malaysia). The standard curve was created with
Trolox, and the results were expressed in uM Trolox 100 g dry weight (DW). The antioxidant
capacity was also evaluated for the concentration of the antioxidant required to reduce the initial
amount of free radicals by 50% (ECso), and the results were expressed in g frozen fruit pulp g
1 DPPH". The ability of the antioxidants to reduce iron was determined using the FRAP (ferric
reducing antioxidant power) method, according to the protocol described by Rufino et al., 2006,
with modifications. The FRAP reagent was initially prepared with 0.3 mol L™ acetate buffer
(pH 3.6), 10 mmol L TPTZ (2,4,6-tris (2-pyridyl) -s-triazine) in a 40 mmol L HCI solution
with 20 mM FeCls. An aliquot of 90 pL of the extract was added to 270 uL of distilled water
and 2.7 mL of the FRAP reagent. The mixture was stirred and placed in a water bath for 30 min
at 37 °C. The absorbance was measured at 595 nm using a Cary 60 spectrophotometer (Agilent
Technologies, Malaysia). The standard curve was created with Trolox, and the results were

expressed in uM TEAC 100 g dry weight (DW).
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2.6 Determination of phenolic compounds by RP-HPLC/DAD

The phenolic compounds in frozen pulps and the dialyzed fraction (IN) and non-dialyzed
fraction (OUT) were identified and quantified on a high-performance liquid chromatograph
(HPLC; Agilent 1260 Infinity LC, Agilent Technologies, Santa Clara, CA, USA). The
chromatograph was equipped with a solvent quaternary pump (model G1311C), degasser,
autosampler (model G1329B), thermostatted column compartment (model G1316A) and diode
array detector (DAD; model G1315D). Chromatographic separation of phenolic compounds
was performed in a Zorbax Eclipse Plus RP-C18 column (100 x 4.6 mm, 3.5 um) and the
Zorbax C18 pre-column (12.6 x 4.6 mm, 5 um). The column temperature was set at 35°C. Data
acquisition was performed using OpenLAB CDS ChemStation EditionTM software (Agilent
Technologies).

The extracts obtained as previously described (item 2.4) were injected 20 uL. The mobile
phases were composed of water acidified with 0.1 M phosphoric acid (pH = 2.0, phase A) and
acidified methanol with 0.5% phosphoric acid (phase B); a flow rate of 0.8 mL.min* was used.
Elution was completed in 33 min using a gradient: 0-5 min: 5% B; 5-14 min: 23% B; 14-30
min: 50% B; 30-33 min: 80% B (return to the initial conditions). The compounds catechin,
epicatechin, epigallocatechin gallate, epicatechin gallate, procyanidin B1, procyanidin B2, and
procyanidin A2 were detected at 220 nm. Gallic and syringic acids, hesperidin, cis-resveratrol
and naringenin were detected at 280 nm. Caftaric acid, caffeic acid, chlorogenic acid, p-
coumaric acid and trans-resveratrol were detected at 320 nm. Quercetin 3-glucoside, rutin and
kaempferol were detected at 360 nm. Malvidin 3,5-diglucoside, malvidin 3-glucoside, cyanidin
3,5-diglucoside, cyanidin 3-glucoside, pelargonidin 3-glucoside, peonidin 3-glucoside,

petunidin 3-glucoside and delphinidin 3-glucoside were detected at 520 nm. The determination
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and quantification of the phenolic compounds were performed using a modified version of the
method described by Dutra et al. (2018) adapted from Padilha et al. (2017). The results were

expressed in mg 100 g1 DW.

2.7 Statistical analysis

All experiments were performed in triplicate with independent replicates. The data are reported
as the mean + standard deviation (SD) of three replicates. The differences between phenolic
compound content and antioxidant activity in frozen pulps were evaluated using one-way
analysis of variance (ANOVA) to identify the significant differences among the means of
phenolic compounds and antioxidant activity using Turkey’s test and < e Student’s t test. A
probability level of p <0.05 (confidencial level of 95%) was identified as significant difference.
Correlations were calculated using Pearson’s correlation coefficient (r). The multivariate
statistical technique, principal component analysis (PCA) was applied to show the correlation
matrix between phenolic compounds and antioxidant activity in FP and their respective

dialyzed fractions. All statistical analyses were performed using Statistic Software 5.1.

3. Results and discussion

3.1 Phenolic composition of tropical frozen pulps

Twenty-eight phenolic compounds were investigated in eight frozen pulps (FP) of different
fruits produced in Brazilian biomes (Table 1). Four major groups were identified and quantified
by HPLC: anthocyanins, flavanols, flavonols and phenolic acids. Stilbenes were also
quantified, but in minor amounts. The phenolic profile varied among the different FPs (p <

0.05). However, no previous studies have assessed the phenolic profile in FPs commercially
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available. Only an earliers study reported the phenolic profile of fruits and their derived FP, but
in distinct fruits (Dutra et al., 2017). The knowledge of the phenolic profile in FP is important
because allow to know if after the pulp processing these products are valuable sources of fruit
bioactive.

The blueberry FP contained the highest amount of phenolic compounds [1018.37 mg 100 g™
dry weight (DW)]. Approximately 90% of the phenolic compounds identified in the blueberry
FP were anthocyanins (920.52 mg 100 g* DW). Malvidin 3,5-diglucoside (664.94 mg 100 g-1
DW) and malvidin 3-glucoside (115.12 100 g-1 DW) were the major anthocyanins detected in
this FP. These results reinforce the similarity of the phenolic profile of fruits with their derived
FP, since malvidin derivates have been described as the major anthocyanins in blueberry fruit
(Yousef et al., 2013).

The acai FP contained the second largest amount of anthocyanins (198.98 mg 100 g DW),
which represented 70% the total phenolic compounds quantified. Pelargonidin 3-glucoside
(111.92 mg 100 g* DW) was the major anthocyanin detected in acai FP (p < 0.05). The
predominance of anthocyanins (up to 90%) among phenolic compounds in acai pulp has been
previously reported (Carvalho et al. , 2017).

Interestingly, in the present study similar amounts of cyanidin 3-glucoside (67.33 mg 100 g-1
DW) were found in acai FP and raspberry FP (65.73 mg 100 g-1 DW; p > 0.05). The high
content of this anthocyanin in acai and raspberry fruit is well-documented (Gordon et al., 2012;
Ludwig et al., 2015), however this is the first time that similar quantities of cyanidin 3-glucoside
are detected in acai and raspberry derived products.

The PCA (Fig. 1A) demonstrated the similarities between the different FP in regards to
anthocyanins and antioxidant activity. The data variance was explained by 46.51% for PC1 and
25.61% for PC2. The strongest negative correlation with PC1 was observed for malvidin 3-

glucoside, malvidin 3,5-diglucoside and DPPHe. Furthermore, cyanidin 3-glucoside, cyanidin
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3,5-diglucoside and delphinidin 3-glucoside were negatively correlated with PC2. Notably, the
blueberry FP presented the strongest correlation with PC1 (Fig. 1B) because of the highest
content of malvidin 3,5-diglucoside, that contribute for scavenging the DPPH radical. The acai
FP was correlated with PC1 due to the higher pelargonidin 3-glucoside content than that of the
other purple FPs. Otherwise, the raspberry FP displayed the highest content of cyanidin 3,5-
diglucoside and delphinidin 3-glucoside, as demonstrated by the strong correlation with PC2.
These findings show that anthocyanin greatly contributed for the antioxidant activity in DPPH
assays of the red FP (raspberry and jabuticaba) and mostly of the purple FP (blackberry,
blueberry, acai) suggesting a relationship between the FP color intensity and antioxidant
potential of anthocyanins. It should also be considered that, because the distinct microstructure
of the fruits they were differently affected when subjected to the same processing and
consequently the intensity degradation of anthocyanin is not the same (Alezandro, Dube,
Desjardins, Lajolo, & Genovese, 2013; Peixoto et al., 2016; Barba, Mariutti, Bragagnolo,
Mercadante, Barbosa-Canovas, & Orlien, 2017; Jesus et al., 2018).

The soursop FP contained the second greatest amount of total phenolic compounds. Of the total
phenolic compounds, 52.51 % were flavanols. These compounds observed in the greatest
amounts were as follows: procyanidin B1 (14.62 mg 100 g-1 DW), procyanidin B2 (124.29 mg
100 g-1 DW), catechin (37.65 mg 100 g-1 DW) and epicatechin (22.28 mg 100 g-1 DW; p <
0.05). Similar values of these flavanols have been previously described in studies assessing
phenolic compounds in soursop fruit (Oboh, Ademosun, Akinleye, Omojokun, Boligon, &
Athayde, 2015), suggesting that the processing applied to obtain the FP did not compromise
these compounds.

Cupuagu FP differed from the other fruits by the amounts of procyanidin A2 content (p <0.05).
These data are in agreement with previous literature that reported high procyanidin levels in

cupuacu fruit (Barros et al., 2016).
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In relation to the flavonols content, the blackberry FP presented major content (44.57 mg 100g-
1), follow by raspberry FP (31.93 mg 100g-1) and soursop FP (29.13 mg 100g-1). Both,
raspberry and soursop FPs presented similar contents of hesperidin (22.93-27.32 mg 100g-1).
The blackberry FP differed from other FPss regarding the naringenin and kaempferol glucoside
contents (p < 0.05), and the blueberry FP differed from other FPs regarding the quercetin 3-
glucoside content (p < 0.05).

PCA (Fig. 1C) explained 65.85% of the data variance for flavonoids non-anthocyanics and
antioxidant activity in these FPs. PC1 retained approximately 42.70% of the data variation and
separated FPs according to the amounts of catechin, procyanidin B1 and B2, epigallocatechin
gallate, rutin, and antioxidant activity by FRAP. The amounts of these compounds separated
the soursop FP from the other FPs as observed by the strong correlation with PC1 (Fig. 1D).
PC2 explained the other 23.15% of data variability and separated the cupuacgu FP based on the
high procyanidin A2 content (45.41 mg 100 g DW). This flavonoid represented 88% of the
total phenolic compounds in cupuacu FP, separating it from the other FPs (p < 0.05). Moreover,
the blackberry FP was separated from the other FPs because of the high naringenin and
quercetin 3-glucoside content (p < 0.05).

The acai FP had a strong positive correlation with PC1 because of the high content of
epicatechin gallate (25.00 mg 100 g* DW; p < 0.05). Earlier studies reported that this flavonoid
is predominant in acai (Carvalho et al., 2017; Neri-Numa et al., 2018).

Both acai and caja FPs were close to the PC1 because of the strong correlation with rutin.
Previous studies reported the presence rutin in acai (Gordon et al., 2012). However, because
caja is an yellow fruit, it has been mainly studied regarding its high carotenoids content
(Carvalho, Maia, Fonseca, Sousa, & Rodrigues, 2015). To the best of our knowledge, here we
report for the first time the identification of rutin, a compound with high antioxidant potential,

in caja FP.
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The highest content of phenolic acids was observed in soursop FP (170.08 mg 100 g DW). In
this FP, the major phenolic acids were gallic acid (49.79 mg 100 g DW), chlorogenic acid
(44.23 mg 100 g DW) and p-coumaric acid (49.79 mg 100 g* DW), which were present in
higher amounts than those of other FPs (p < 0.05). Probably, this higher content of phenolic
acids in soursop FP compared with others FP is because in the vegetable tissues, phenolic acids
may be linked to fibers, which are abundant in soursop (up to 50% w/w dry basis) (Jiménez,
Gruschwitz, Schweiggert, Carle, Esquivel, 2014).

The PCA (Fig. 1E) explained 87.97% of the data variance for phenolic acids and antioxidant
activity. The PC1 demonstrated that 67.44% of the data variance was represented by the gallic,
caffeic, p-coumaric, syringic, caftaric and chlorogenic acids, which were strongly correlated
with FRAP. The plot (Fig. 1F) demonstrated that phenolic acids detected in soursop FP were
strongly correlated with antioxidant activity determined by FRAP, as well as the difference in
relation to the other FPs present. The PC2 explained 20.53% of data variance in antioxidant
activity in the DPPH' and EC50 assays.

The stilbenes trans-resveratrol and cis-resveratrol were observed at low levels in blackberry,
blueberry, raspberry, caja and soursop FPs.

The strong activity of phenolic acids in FRAP assay may be due their action in synergism with
the flavanols present in soursop FP. Phenolics from distinct class (e.g. anthocyanins, flavanols
and flavonols) can interact and show enhanced antioxidant activity against DPPH and FRAP
assays (Hidalgo, Sanchez-Moreno & Pascual-Teresa, 2010).

Together, these results show that the blueberry FP presents the highest antioxidant potential
against the DPPHe+ due to the higher contents of anthocyanins and quercetin 3-glucosideo
compared to the other FPs. On the other hand, the blackberry FP demonstrated the highest iron
reduction power, mostly because its higher contents of flavonols and phenolics acids compared

to the other FPs.
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3.2 Bioaccessibility of phenolic compounds in tropical frozen fruit

Tables 2 and 3 present the content of phenolic compounds from the FPs that were able to pass
through the simulated intestinal barrier (cellulose dialysis membrane), i.e., the dialyzed fraction
(IN), which corresponds to the bioaccessible fraction and non-dialyzed fraction (OUT).

The exposure to conditions simulating gastrointestinal digestion caused a significant reduction
in the anthocyanin content in red-purple FPs (agai, blackberry, blueberry, jabuticaba and
raspberry). Only blueberry and raspberry FPs exhibited bioaccessible anthocyanins. The
highest bioaccessibility was observed for cyanidin 3-glucoside (6.56%) and pelargonidin 3-
glucoside (28.33%) in raspberry FP. Earlier studies have reported that anthocyanins are
unstable under gastric and alkaline intestinal conditions and present reduced bioaccessibility in
grape fruit (Tagliazucchi et al.,2010), jabuticaba, jamelao and jambo fruit (Peixoto et al, 2016).
Studies investigating the bioaccessibility of anthocyanin using in vitro gastrointestinal models
employing a semipermeable cellulose membrane have also observed low bioaccessibility of
anthocyanin in apple (Bouayed et al., 2011), in the juice, pulp and peel extract of pomegranate
(Mosele et al., 2015), in Arbutus unedo fruit (Mosele, Macia, Romero, & Motilva, 2016) and
in maqui berry (Lucas-Gonzalez, Navarro-Coves, Pérez-Alvarez, Fernandez-Lopes, Mufioz, &
Viuda-Martos, 2016). Overall, the different levels of bioaccessibility of anthocyanins observed
among the red-purple FPs in the present study could be related to a protective effect of specific
food matrix components present in each FP (such as soluble or insoluble fibers) that interact
with anthocyanins, increasing their stability during the digestion process (Peixoto et al., 2016).
The present study demonstrated that the bioaccessibility of flavanols such as catechin (19.53 to
270.71%), epicatechin (2.79 to 153.59%), procyanidin B1 (4.71 to 102.79%) and procyanidin
B2 (1.63 to 56.13%), procyanidin A2 (11.35 to 72.30%), and flavonols such as quercetin 3-

glucoside (13.94 to 122.01%) and rutin (7.06 to 41.34%) varied among the FPs. Flavanols and
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flavonols might bind to proteins or fiber in the matrix, through hydrogen bonding, covalent
bonding or hydrophobic interactions. The changes that occur during the exposure to gastric and
intestinal conditions (pH and enzymes) can increase or decrease their solubility, thus impact
their bioaccessibility (Gullon, Pintado, Fernandez-Lopez, Pérez-Alvarez, & Viuda-Martos,

2015; Lucas-Gonzalez et al., 2016).

The highest bioaccessibility of procyanidin B1 (102.79%) was observed in the caja FP. The
highest bioaccessibility of catechin (137.51%) and quercetin 3-glucoside (122%) was seen in
the blackberry FP, and the highest bioaccessibility of catechin (270.71%) and epicatechin
(153.59%) was observed in the blueberry FP. The highest bioaccessibility of catechin (99.52%)
was observed in the jabuticaba FP. These results could be explained by the effect of gastric
enzymes, pH conditions and intestinal digestive enzymes on the complex food matrix
facilitating the release of bound phenolic compounds. Studies assessing the bioaccessibility of
phenolic compounds in apple (Bouayed et al., 2011) and pomegranate peel extract (Gullon et
al., 2015) reported that flavonoids linked to high molecular weight compounds (e.g., proteins

and carbohydrates) may be released by digestive enzyme action.

The bioaccessibility of flavonoids varied in the red-purple FPs. Acai, raspberry, jabuticaba and
blackberry presented 30.33%, 63.03%, 99.52%, 137.51% and 270.71% of bioaccessible
catechin, respectively. The procyanidin B1 was 87.62%, 43.30% and 38.89% bioaccessible in
blackberry, jabuticaba and blueberry FPs, respectively. In cupuacu, the bioaccessibility of
procyanidin B1 was 62.55%, procyanidin B2 was 56.13% and procyanidin A2 was 72.30%.
Notably, the raspberry, blackberry, blueberry and cupuacu FP were sources of bioaccessible
ellagitannins and proanthocyanidins, similar to observed in these fresh fruits (Alminger et al.,
2014). These results suggest that exposure to the acidic and alkaline conditions during
simulated gastrointestinal conditions can hydrolyze the ester bonds of ellagitannins and

proanthocyanidins, thus increasing the content of these compounds in the intestinal fraction.
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Previous studies reported that the high bioaccessibility of catechin in pomegranate fruit resulted

from the hydrolysis of proanthocyanidins (Mosele et al., 2016).

Curiously, procyanidin B1 and procyanidin B2, which were present at high levels in soursop
FP, showed the lowest bioaccessibility (procyanidin B1 4.71% and procyanidin B2 1.63%).
Quercetin 3-glucoside and rutin, which were present in small quantities in blackberry, blueberry
and raspberry FPs (< 10 mg 100 g1), were highly bioaccessible only in blackberry FP (quercetin
3-glucoside 122% and rutin 41.34%). Trans-resveratrol was detected in acai, raspberry,
blueberry, blackberry and caja FPs, but it was only bioaccessible in the blackberry FP (24.41%).
The low bioaccessibility of procyanidin B1 and B2 and trans-resveratrol may be explained by
their structure, since esters, glucosides or polymers cannot be absorbed in their native form. It
is known that only aglycones and some glucosides can be absorbed in the small intestine

(Manach, Williamson, Morand, Scalbert, & Rémésy, 2005).

The low bioaccessibility of flavonoids in acai and caja FPs can be explained by the incomplete
release of these phenolic compounds from other components (e.g., fiber and lipids) in the
matrix; this effect decreases the ability of these compounds to pass through the simulated
membrane (Barba et al., 2017; Mosele et al., 2015). In fact, acai and caja FP could be considered
complex matrices because they contained non-extractable phenolic compounds linked to cell

wall constituents (polysaccharides and protein) (Carvalho et al., 2017; Dutra et al, 2017).

Studies reported that the bioaccessibility of flavonoids is also affected by processing, due to
changes in the environment and microstructure of the food matrix (Barba et al., 2017; Dutra et
al., 2017). After pulp processing, these compounds are not protected by the cell wall
components (as they are in fresh fruit), which could contribute to enhanced bioaccessibility in

the FP (Rein et al., 2013).
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The blueberry and acai FPs had the highest bioaccessibility for syringic acid (147.14%) and
caftaric acid (147.18%), respectively, compared with that of other FPs that presented
bioaccessibility varying from 7.36 to 59.45% for these same compounds. Other researchers

have reported similar bioaccessibility values for these phenolic acids (Rein et al., 2013).

The PCA (Fig. 2) was used to explore similarities among the quantities of phenolic compounds
and the antioxidant activity in the bioaccessible fraction of FPs, as well as to assess the
association between each phenolic compound and the antioxidant activity. Using a factor
loading analysis, PC1 corresponded to 28.79% of data variation and differentiated the FPs
according the amounts of catechin, procyanidin B1, procyanidin B2, procyanidin A2, rutin,
cyanidin 3-glucoside, pelargonidin 3-glucoside, delphinidin 3-glucoside, cis-resveratrol, and
kaempferol 3-glucoside. PC2 explained 25.73% of the data variance due the amounts of
epicatechin, quercetin 3-glucoside, caffeic, syringic, caftaric, and chlorogenic acid and
antioxidant activity by FRAP, ECso and DPPH".

Notably, the blueberry FP was different from the other FPs; it had the highest bioaccessibility
of epicatechin, syringic and caffeic acid. The caja FP had the highest bioaccessibility of
procyanidin B1 (102.79%) followed by blackberry FP (87.62%). The raspberry FP differed
from other FPs because the greater bioaccessibility of procyanidin A2, pelargonidin 3-
glucoside, and delphinidin 3-glucoside. The acai FP was distinguished by higher
bioaccessibility of caftaric acid, while cupuacu and raspberry FPs were distinguished by high

bioaccessibility of procyanidin A2 (cupuacu 72.30% and raspberry 66.00%).

Overall, the results presented here showed that flavonoids and phenolic acids present higher

bioaccessibility than anthocyanins in FPs.

3.3 Antioxidant activity after in vitro digestion
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The antioxidant activity of each FP and its dialyzable fraction (IN) are shown in Table 4. For
the antioxidant activity determined with the DPPH" assay, the blueberry FP was significantly
(p < 0.05) higher than that of the other FPs. Regarding the ability to scavenge the radical DPPH",
the levels were as follows: blackberry FP > acai FP > caja FP > soursop FP > cupuagu FP >
raspberry FP (p < 0.05). The antioxidant activity results were explained by PCA according to
groups of phenolic compounds and antioxidant activity (Fig. 1). The PCA (Fig. 1A)
demonstrated that the total amount of anthocyanins was correlated with DPPHe (r =0.78). The
blueberry FP had the highest content of anthocyanins. In the blueberry FP, malvidin 3-glucoside
and malvidin 3,5-diglucoside were the main contributors to the high antioxidant activity against
DPPHe. Malvidin 3-glucoside (r = 0.78), malvidin 3,5-diglucoside (r = 0.77), peonidin 3-
glucoside (r=0.77), and petunidin 3-glucoside (r =0.76), followed by pelargonidin 3-glucoside
were correlated with DPPHe

In all studied FPs, the antioxidant activity was reduced after the in vitro digestion simulation in
both evaluated methods (p < 0.05). The dialyzable fraction of blackberry FP had the highest
activity (1092.61 uM TEAC 100 g* DW) in the FRAP assay, which was different from the
dialyzable fractions of other FPs, which varied from 604.58 to 16.04 uM TEAC 100 g* DW (p
< 0.05). The dialyzable fraction of blackberry FP (634.54 uM TEAC 100 g*DW) and caja FP
(314.08 uM TEAC 100 g DW) had the highest antioxidant activity in the DPPH" assay.

The PCA (Fig. 2) showed that the blackberry FP dialyzable fraction was different from that of
the other fractions in terms of the phenolic content and antioxidant activity. The difference
observed for the blueberry dialyzable fraction was related to the high bioaccessibility of
quercetin 3-glucoside (r = 0.87), rutin (r = 0.78) and procyanidin B1 (r = 0.70), as observed by
the important correlation of these compounds with antioxidant activity measured by the DPPHe

assay.
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Regarding the reductive capacity to against iron ions (evaluated by FRAP), the classification
of FPs was as follows: blackberry > acai > jabuticaba > cupuagu > soursop > caja > blueberry
> raspberry (p < 0.05). The dialyzable fraction of soursop FP had the highest content of
procyanidin. Among the phenolic compounds identified in this fraction, there was a significant
positive correlation with FRAP (r = 0.89; Fig. 2A); these compounds included procyanidin B1
(r =0.97), procyanidin B2 (r = 0.91), catechin (r = 0.85) and epicatechin (r = 0.91).

These results are related to the changes in the phenolic profile of each FP during in vitro
digestion, as well as the low bioaccessibility of some phenolic compounds, especially
anthocyanins. The decrease in the radical scavenging activity may arise from the lower
concentration of phenolic compounds in digested FPs compared to that of non-digested FPs.
During the gastric and intestinal steps of simulated digestion, FPs were exposed to acidic and
alkaline pH conditions, and pH variations may alter antioxidant activity. Previous studies
showed that the transition from an acidic to alkaline environment caused deprotonation of the

hydroxyl moieties present on the aromatic rings (Bouayed et al., 2011; Dutra et al., 2017).

4. Conclusions

The results of this study show that anthocyanins present low bioaccessibility in the red-purple
FPs studied, only cyanidin 3-glucoside (6.56%) and pelargonidin 3-glucoside (28.33%) were
bioaccessible in blueberry and raspberry FPs. Regarding the non-anthocyanin flavonoids, the
bioaccessibility varied in the tested FPs, the compounds with highest bioaccessibility were
quercetin 3-glucoside, kampferol glucosideo, procyanidin B1 and cis-resveratrol in the
blackberry FP and procyanidin Bl1, catechin and cis-resveratrol, in the caja FP; these
compounds were strongly correlated with the antioxidant activity observed in DPPH and FRAP
assays. Results show the bioaccessible anthocyanins, flavanols, flavonols or phenolic acids in

distinct FPs. Our findings indicate blackberry and caja FPs as good alternatives for consumption
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of fruit derived products considered sources of bioaccessible phenolic compounds with high

antioxidant activity.
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Table 1
The phenolic profile in frozen pulps of the biomes Amazon Forest. Cerrado. Atlantic Florest and Caatinga

Compound Acai Cupuagu Soursop Raspberry Jabuticaba Blackberry Blueberry Caja
Malvidin 3-glucoside 6.9 £ 0.82° ND ND ND ND ND 115.12 + 3.26°¢ 0.24+0.112
Malvidin 3.5-diglucoside 11.51+1.372 ND ND ND ND ND 664.94 +1.67° ND

2 Cyanidin 3-glucoside 67.33 + 1.06° ND ND 65.73 +3.71° 2.01+0.342 ND 34.86 +0.28¢ 0.26 £ 0.092

S Cyanidin 3.5-diglucoside ND ND ND 0.65+0.01 ND ND ND ND

gf Pelargonidin 3-glucoside 111.92 £ 3.04¢ ND ND 2.27+0.672 ND 42.63 £1.20¢ 32.02+£0.23° ND

g Delphinidin 3-glucoside ND ND ND 58.28 +0.61° ND ND 8.85+0.272 ND

< Peonidin 3-glucoside 1.32+£0.29? ND ND ND ND ND 58.72 + 0.50° ND
Petunidin 3-glucoside ND ND ND ND ND ND 6.01+0.51 ND
Total 198.98 ND ND 126.93 2.01 42.63 920.52 0.50
Catechin 5.07 £ 0.48° 1.85+0.272 37.65+0.784 12.71+0.77¢ 5.85+0.17° 2.07£0.432 1.32£0.292 151+0.312
Epicatechin 2.03 £0.09° ND 22.28 +1.03¢ 2.53 +£0.36° ND ND 0.54 +0.072 1.7 £0.26°
Epicatechin gallate 25.00 + 0.64¢ ND 2.66 + 0.32° 21.69 +0.54¢ ND ND 11.98 +£0.53¢ 0.65 + 0.452
Epigalocatechin gallato ND ND 13.93 £0.53¢ 2.87 £0.34¢ ND 3.07 £0.54¢ 2.01 +0.44° 6.26 + 0.349

» Procyanidin B1 1.99 +0.36 0.74 £0.10% 14.62 +1.29¢ 0.41+0.222 1.53 +0.282 2.68 +0.34¢ 1.06 +0.24% 0.61 +0.30%

-g Procyanidin B2 5.03+0.42 3.07 £0.83% 12429 +1.79¢ 24,71 +0.82¢ 4.63 +0.562 7.78 £0.42¢ 445+0.722 1.7 £ 0.60°

5 Procyanidin A2 1153 +1.53° 45.41 £ 0.55¢ 14.22 +1.10¢ 1.83+£0.382 ND ND 14.25 +0.84¢ 9.68 +£0.35°

E Quercitin 3-glucoside 1.54 +£0.34? ND 1.81+£0.18% 150 £0.372 ND 2,67 £0.31¢ 7.58 +0.48¢ 4.66 * 0.45¢

= Rutin 3.89£0.15° ND ND 417 +0.17° ND 0.94 £0.12¢ 0.63 +0.10% 3.76 £ 0.68°
Kaempferol glucoside 1.85+0.222 ND ND 2.80 +0.302 2.29+0.342 8.34 £0.70° 2.79+0.382 2.35+0.60?
Naringenin 1.64 +0.48 ND ND 0.53 £0.28% ND 6.02 £0.77¢ 1.88 +0.69¢ 0.88 +0.15%¢
Hesperidin 1.96 +0.512 ND 27.32 £1.09¢ 22.93 +1.00¢ 13.81+0.52° 26.60 £0.87¢ 0.71+0.142 1372 £1.11°
Total 61.52 51.54 258.77 98.66 28.11 60.18 49.20 47.47
Galic acid 6.87 +0.28¢ ND 49.79 £ 0.41f 4.97 £0.38° 8.04 + 0.56¢ 5.82 + 0.39° 0.62+0.18? 26.41 £0.41¢

3 Cafeic acid 0.61 £0.222 ND 6.03 £ 0.59¢ 0.44 +0.132 ND 0.37£0.112 1.92 +0.25° 0.67 £0.13?

& p-Coumaric acid 1.74 £ 0.33¢ ND 34.79+0.33¢ 0.13 +0.05% ND ND 0.57 +0.11° ND

= Syringic acid 1.62 +0.37° ND 9.13 +0.70¢ 1.05+0.18 ND ND 0.58 £ 0.09% 1.67 +0.28°

% Caftaric acid 0.86 £0.10? ND 26.12 £0.91¢ 2.63 £0.29° ND 0.71+0.172 2.93+0.33° 0.81 +£0.20°

= Chlorogenic acid 5.01+0.78%® ND 44,23 +0.93¢° 26.51 +1.38¢ ND 6.46 + 0.76° 39.76 + 0.609 3.78+£0.33?
Total 16.72 ND 170.08 35.72 8.04 13.35 46.37 33.34
Trans Resveratrol 0.38 +0.142 ND ND 1.91+0.72° ND 6.48 +0.6° 1.58 +0.40° 0.88 + 0.14%

§ Cis-Resveratrol ND ND 8.47 +0.61° 1.12 +0.245 ND 2.91+0.37¢ 0.70 £ 0.28® 4.01 +0.68¢

§ Total 0.38 ND 8.47 3.03 ND 9.40 2.29 4.89

=
Total content 277.60 51.54 437.32 264.34 38.17 125.55 1018.37 86.20

Values expressed in mg 100 g* dry weight. ND — not detected. Different letters in the same line represent statistically significant differences in the content of phenolic compound between frozen pulps (p < 0.05).
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The phenolic profile in frozen pulps of the biomes Amazon Florest. Cerrado and Caatinga after the in vitro gastrointestinal digestion
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Compound IN ouT Bioaccessibility (%)
Acai Cupuagu Soursop Caja Acai Cupuagu Soursop Caja Acali Cupuagu Soursop Caja
Malvidin 3-glucoside ND ND ND ND 30.61+1.51 ND ND ND ND ND ND ND
Malvidin 3.5-diglucoside ND ND ND ND 4940+ 1.11 ND ND ND ND ND ND ND
Cyanidin 3-glucoside ND ND ND ND 135.98 +2.04 ND ND ND ND ND ND ND
Cyanidin 3.5-diglucoside ND ND ND ND ND ND ND ND ND ND ND ND
Pelargonidin 3-glucoside ND ND ND ND 414.23 +3.70 ND ND ND ND ND ND ND
Delphinidin 3-glucoside ND ND ND ND ND ND ND ND ND ND ND ND
Peonidin 3-glucoside ND ND ND ND 4.95+0.16 ND ND ND ND ND ND ND
Petunidin 3-glucoside ND ND ND ND ND ND ND ND ND ND ND ND
Catechin 154 £0.35 0.36 +0.07 10.38 £ 0.42 1.03+0.18 2.70 £0.33 9.61+0.45 2.15+0.38 1.23+0.35 30.33 19.53 27.56 68.09
Epicatechin 0.67 £ 0.07 ND 0.25+0.07 ND 1.07+£0.15 ND 0.85+0.13 0.13+0.05 32.99 ND 1.13 ND
Epicatechin gallate ND ND ND ND 2.86 £0.17 0.22 £0.09 ND ND ND ND ND ND
Epigalocatechin gallato ND ND 0.65 +0.46 ND 3.51 +047 1.61 +£0.52 2.02+0.45 ND ND ND 4.69 ND
Procyanidin B1 0.56 +0.19 0.46 +0.36 0.69 +0.22 0.63+0.17 151+0.45 0.53+0.14 1.18£0.21 0.55+0.13 28.01 62.55 471 102.79
Procyanidin B2 1.92 £0.22 1.73 £0.63 2.03 £0.30 0.48+0.10 7.18+0.39 2.51+0.54 7.75+0.59 0.60 +£0.15 38.14 56.13 1.63 28.55
Procyanidin A2 ND 32.83+1.59 ND ND 6.16 +0.37 51.70+1.39 1.61+0.44 5.27+0.35 ND 72.30 ND ND
Quercitin 3-Glucoside ND ND ND ND 11.45+0.66 ND 0.54+0.11 1.95+0.20 ND ND ND ND
Rutin ND ND ND 0.30£0.25 19.50 £ 0.57 0.06 +0.04 ND 0.88 £0.09 ND ND ND 8.10
Kaempferol glucoside ND ND ND ND 12.60+0.74 ND ND ND ND ND ND ND
Naringenin ND ND ND ND ND ND ND ND ND ND ND ND
Hesperidin ND ND ND 1.91+0.38 ND ND ND 7.38£0.62 ND ND ND 13.91
Galic acid ND ND ND ND 490+0.31 ND ND 6.98 £0.16 ND ND ND ND
Cafeic acid ND ND 0.49 +£0.08 ND 0.21 +0.07 ND 0.17 £0.08 ND ND ND 8.18 ND
p-Coumaric acid ND ND 2.56 +0.56 ND 0.66 +£0.19 ND 0.65+0.13 ND ND ND 7.36 ND
Syringic acid 0.36 £0.13 ND ND ND 0.47 £0.05 ND 0.08 £ 0.05 ND 22.16 ND ND ND
Caftaric acid 1.27 £0.63 ND 2.08 £0.24 ND 1.84+0.21 ND 0.51+0.15 ND 147.18 ND 7.96 ND
Chlorogenic acid 0.92+0.17 ND 490+0.84 ND 3.76 £ 0.46 ND 0.40+0.18 1.55+0.35 18.28 ND 11.08 ND
trans Resveratrol ND ND ND ND ND ND ND 0.57+0.28 ND ND ND ND
Cis-Resveratrol ND ND 0.70 £0.21 1.83+0.39 ND ND 0.89 +£0.17 1.90 +0.25 ND ND 8.23 45.61

Values expressed in mg 100 g dry weight. ND — not detected. IN - dialized fraction. OUT - non-dialized fraction.
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The phenolic profile in frozen pulps of the biomes Atlantic Forest after the in vitro gastrointestinal digestion

69

Compound IN ouT Bioaccessibility (%)
Jabuticaba Blackberry Blueberry Raspberry Jabuticaba Blackberry Blueberry Raspberry Jabuticaba  Blackberry  Blueberry  Raspberry
Malvidin 3-glucoside ND ND 2.32+0.29 ND ND ND 62.61 +0.95 ND ND ND 2.01 ND
Malvidin 3.5-diglucoside ND ND 19.00 +1.63 ND ND ND 403.52 +2.00 ND ND ND 2.86 ND
Cyanidin 3-glucoside ND 15.49 +0.87 0.89 £0.06 4.31 +£0.45 ND 542 +0.51 19.83 +1.46 2144 +1.14 ND ND 2.56 6.56
Cyanidin 3.5-diglucoside ND ND ND ND ND ND ND ND ND ND ND ND
Pelargonidin 3-glucoside ND ND 058+0.06 0.64+0.10 ND 7.24 £0.60 15.93+0.58 1.45+0.27 ND ND 181 28.33
Delphinidin 3-glucoside ND ND ND 8.89 +0.40 ND ND 2.94+0.26 27.12+0.41 ND ND ND 15.26
Peonidin 3-glucoside ND ND 0.28+0.11 ND ND ND 11.61+1.05 ND ND ND 0.48 ND
Petunidin 3-glucoside ND ND ND ND ND ND 3.88+0.20 ND ND ND ND ND
Catechin 5.82+0.33 2.85+0.26 357039 801+023 754+0.15 32.01+0.54 1.79+0.16 10.76 £0.39 99.52 137.51 270.71 63.03
Epicatechin ND ND 0.83+0.12 0.07+£0.04 ND ND 154 +0.24 0.05 +0.02 ND ND 153.59 2.79
Epicatechin gallate ND 2.68+0.44 0.84 £0.05 1.57+0.25 ND 18.15+0.48 9.77+0.64 7.30+0.31 ND ND 7.02 7.23
Epigalocatechin gallato ND ND 0.55+0.08 ND ND 3.59+0.40 12.98 £0.91 ND ND ND 2753 ND
Procyanidin B1 0.66 £0.18 2.35+0.50 0.41+0.22 ND 0.63+0.19 2.36+0.33 1.64 +0.47 0.75+0.07 43.30 87.62 38.89 ND
Procyanidin B2 ND 2.66 +0.38 199+0.38 236+0.68 0.73+0.09 2.72+0.23 6.98 +0.99 3.10+0.43 ND 34.22 44.80 9.54
Procyanidin A2 ND ND 162+039 121031 ND ND 8.88+0.82 1.17+041 ND ND 11.35 66.00
Quercitin 3-glucoside ND 3.26+0.28 1.06+0.19 044+0.12 ND 5.94+0.81 8.86 +0.32 0.68 +£0.16 ND 122.01 13.94 29.33
Rutin ND 0.39+0.17 0.12+0.06 029+0.14 ND 0.57£0.12 1.21+0.16 1.76 £ 0.42 ND 41.34 19.59 7.06
Kaempferol glucoside 0.16 +0.06 2.23+0.62 0.25+0.13 ND 0.66+0.13  0.47+0.10 2.77+0.35 0.51+0.17 7.01 26.78 9.05 ND
Naringenin ND ND ND ND ND ND 1.72+041 ND ND ND ND ND
Hesperidin ND ND ND ND 433+062 1525%0091 ND 548 +1.26 ND ND ND ND
Galic acid ND ND ND ND ND ND ND ND ND ND ND ND
Cafeic acid ND ND 0.53+0.09 ND ND ND 14.56 + 0.69 ND ND ND 27.57 ND
p-Coumaric acid ND ND ND ND ND ND ND ND ND ND ND ND
Syringic acid ND ND 0.85+0.12 ND ND ND 1.82+042 ND ND ND 147.14 ND
Caftaric acid ND ND 1.74+044 050%0.17 ND ND 4,93 +£0.61 0.99+0.13 ND ND 59.45 19.09
Chlorogenic acid ND ND 6.22 +0.49 ND ND 2.83+0.50 53.48 £0.82 ND ND ND 15.65 ND
Trans-resveratrol ND 1.58+0.43 ND ND ND 3.70+0.51 1.95+0.57 0.54+£0.30 ND 24.41 ND ND
Cis-resveratrol ND 1.73+0.46 0.52+0.19 ND ND ND 0.57+0.12 ND ND 59.44 74.75 ND

Values expressed in mg.100 g dry weight. ND — not detected. IN - dialized fraction. OUT - non-dialized fraction.
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Antioxidant activity of frozen pulps and dialyzed fractions determined by both FRAP and DPPHe assays
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Antioxidant assay ~ Acai Cupuagu Soursop Raspberry Jabuticaba Blackberry Blueberry Caja
FRAP* 687 + 8°F 464 + 500 437 + 6 111 £ 44 501 + 3% 1718 + 15%¢ 346 + 208 431 £ 7%
DPPH" 7017 + 8°F 1171 + 9v8 2452 + 150C 1071 + 704 3409 + 7°° 7558 + 70¢ 12537 + 8PH 5667 + 3&
& ECs0™ 3+ (0 2nBC 23 + 3 8 +1aC 15 + 3P 7 +138C 3+ 08 2+ 04 4 + anBC
FRAP* 108 + 3% 16 + 234 431 + 631 161 + 3¢ 605 + 3°F 1093 + 8¢ 247 £ 620 284 £ 4%
Z DPPH- * 131 + 8aBC 145 + 5%¢ 111 + 5% 112 + 2% 128 + 5% 634 + 6% 133 + 328C 314 £ 620
ECso™ 2705 + 3b¢ 188 + 3P 333 + 6YF 131 + 408 209 + 6 163 + 40C 129 + 508 75 £ 20A

Different lowercase letters between the frozen pulp (FP) and dialyzed fraction (IN) represent statistically significant differences in the antioxidant activity (p < 0.05). Different uppercase letters in the same line indicate significant differences in the

antioxidant activity between frozen pulps (p < 0.05).
“Values expressed in UM TEAC 100 gt dry weight.

“Values expressed in g frozen pulp g DPPH".
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Fig. 1. Principal component analysis (PCA) of the groups of anthocyanins (A), of flavonoids (C), phenolic acids
(E) and antioxidant activity of the frozen pulps. Distribution of frozen pulps from different Brazilian biomes
according to PCA (B, D, F). A: acai; C: cupuagu; BA: blackberry; BU: blueberry; CJ: caja; J: jabuticaba; R:
raspberry; S: soursop.
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Fig. 2. (A) Principal Component Analysis (PCA) for bioaccessible phenolic compounds and findings from the
antioxidant activity assay of the frozen pulps. (B) Distribution of the dialyzed fraction from frozen pulps after
gastrointestinal digestion according to PCA. A: agai; C: cupuagu; BA: blackberry; BU: blueberry; CJ: cajé; J:
jabuticaba; R: raspberry; S: soursop.
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5 CONSIDERACOES FINAIS

As polpas de frutas dos diversos biomas brasileiros estudadas apresentaram contetdos
distintos de antocianinas, flavonoides, acidos fendlicos e estilbenos. A identificacdo desses
compostos contribui para o maior conhecimento do perfil de compostos fendlicos das polpas
estudadas.

A simulacdo da digestdo gastrointestinal in vitro, demonstrou que o contedo de
compostos fendlicos e a atividade antioxidante de polpas de frutas nativas e exdticas de
diferentes biomas podem ser influenciadas pelas condi¢cbes ambientais durante a digestéo,
afetando assim a bioacessibilidade e a atividade antioxidante desses compostos. O trabalho
apresenta resultados inéditos sobre os efeitos da digestao gastrointestinal in vitro nos compostos
fendlicos e atividade antioxidante das polpas de frutas estudadas

Os maiores valores de bioacessibilidade e atividade antioxidante in vitro foi encontrado
nas polpas de amora-preta do bioma Mata Atlantica e caja do bioma Caatinga. Esses resultados
sugerem que o consumo dessas polpas de frutas sdo boas alternativas ao consumo da fruta in
natura, pois alem das similaridades sensoriais com a fruta fresca e a elevada vida util, podem
contribuir para 0 aumento da atividade antioxidante enddgena.

Os resultados apresentados contribuem para o avango do conhecimento acerca das
polpas de frutas estudadas, podendo contribuir para 0 aumento do seu consumo e
consequentemente da producdo dos frutos aos quais sdo provenientes, e assim, favorecer o

desenvolvimento da agroindustria inserida no bioma de cada fruto.



