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RESUMO

O uso de flores como ingredientes da alta gastronomia tem aumentado devido as
caracteristicas exdticas que estas conferem a alimentos e bebidas. Dentre as flores
comestiveis, mini rosa e mini margarida se destacam pela aparéncia delicada, beg6nia e
tagete pelo sabor citrico, clitoria pela cor vibrante, cravina pelo sabor picante e torénia
pela textura aveludada. Além disso, flores comestiveis possuem antioxidantes, que podem
beneficiar a saide dos consumidores. O objetivo deste estudo foi avaliar atividade
antioxidante e bioacessibilidade de compostos fendlicos de oito espécies de flores
comestiveis denominadas mini rosa, torénia, mini margarida, clitéria, cosmos, cravina,
begbnia e tagete. A bioacessibilidade dos fendlicos presentes nas flores foi determinada
por um sistema de digest&o in vitro acoplado a barreira intestinal simulada. A atividade
antioxidante das flores antes da digestdo in vitro, e das suas fracdes dialisada e néo
dialisada, foi avaliada pelos métodos capacidade de remover os radicais hidrato de 2,2-
difenil-2-picrilhidrazida (DPPHe), poder antioxidante redutor férrico (FRAP) e
capacidade de absorcdo de espécies reativas de oxigénio (ORAC). Todas as flores
avaliadas apresentaram em sua composi¢do acidos fendlicos, estilbenos, flavanols,
antocianinas, flavonols e flavanonas, porém diferentes compostos em quantidades
distintas foram encontradas em cada flor. Cosmos apresentou maiores (p < 0,05)
conteddos de fenolicos, flavanonas e estilbenos, sendo hesperidina e tras-resveratrol os
principais compostos detectados nesta flor. Em contrapartida, tagete apresentou menores
(p < 0,05) conteudos de fenodlicos, flavonols e antocianinas. A bioacessibilidade variou
entre os fendlicos e entre as flores estudadas (p < 0,05). A maior (p < 0,05)
bioacessibilidade total foi verificada na cosmos que apresentou maiores quantidades de
flavanols e flavonols na fracdo dialisada, em particular dos compostos catequina e
quercetina 3-glucosideo. A menor (p < 0,05) bioacessibilidade total foi verificada na mini
rosa e a torenia apresentou menor bioacessibilidade do grupo flavonol. Diversos
compostos foram detectados na fracdo ndo dialisada das flores avaliadas, sendo
detectados maior e menor conteldo na cravina e tagete, respectivamente (p < 0,05).
Cosmos apresentou maior (p <0,05) atividade antioxidante no ensaio ORAC antes da
digest&o in vitro e nas fracfes dialisada e ndo dialisada derivadas; a atividade observada
foi correlacionada (r = 0,9) aos seus compostos majoritarios hesperidina e rutina, bem
como ao &cido cafarico e procianidina B2. Mini rosa apresentou maior (p < 0,05)
atividade antioxidante nos ensaios FRAP e DPPH antes da digestdo in vitro; sua fragcdo
dialisada e ndo dialisada apresentou maior (p < 0,05) atividade no ensaio FRAP, que foi
correlacionada com os compostos pelargonidina 3,5-diglucosideo, catequina, galato de
epicatequina, galato de epicagocatequina, procianidina A2, quercitina 3-glucosideo e
trans-reveratrol (r = 0,9). No ensaio DPPH, mini rosa mostrou maior (p < 0,05) atividade
na fracdo ndo dialisada, enquanto cravina apresentou maior (p < 0,05) atividade na fracédo
dialisada, que foi correlacionada principalmente com 4cido siringico (r = 1,0),
pelargonidina 3,5- diglucosido e epicatequina (r = 0,9). Os resultados mostram
variabilidade na composicdo fendlica e sua bioacessibilidade entre as flores comestiveis
estudadas. As flores cosmos e mini rosa sdo sugeridas como fontes de fenolicos
bioacessiveis com elevada atividade antioxidante.

Palavras-chaves: antocianinas, capacidade antioxidante, Cosmos sulphureus Cav.,
digestdo in vitro, flavonoides, Rosa chinensis Jacq.



ABSTRACT

The use of flowers as ingredients in gourmet cuisine is increasing due to the exotic
characteristics that confer to foods and drinks. Among the edible flowers, mini rose and
mini daisy stand out for their delicate appearance, begonia and tagete for their citrus
flavor, clitoria for their vibrant color, cravine for their spicy flavor and torenia for their
velvety texture. Edible flowers have antioxidants, which can benefit consumers' health.
The objective of this study was to evaluate antioxidant activity and bioaccessibility of
phenolic compounds from eight species of edible flowers, namely in mini rose, torenia,
mini daisy, clitoria, cosmos, cravine, begonia e tagete. The bioaccessibility of phenolics
present in flowers was determined using an in vitro digestion system coupled to a
simulated intestinal barrier. The antioxidant activity of flowers before in vitro digestion,
and their dialyzed and non-dialyzed fractions, was evaluated by the ability to remove the
radicals 2,2-diphenyl-2-picrilhidrazide hydrate (DPPHe), ferric reducing antioxidant
power (FRAP) and Oxygen radical absorption capacity (ORAC). All evaluated flowers
presented in their composition phenolic acids, stilbenes, flavanols, anthocyanins,
flavonols and flavanones, but different compounds and quantities were found in each
flower. Cosmos presented highest (p < 0.05) contents of phenolics, flavanones and
stilbenes, being hesperidin and trans-resveratrol, the main compounds detected in this
flower. In contrast, tagete presented lowest (p < 0.05) contents of phenolics, flavonols
and anthocyanins. Bioaccessibility varied among phenolic and between flowers studied
(p <0.05). The highest (p < 0.05) bioaccessibility was found in the cosmos that presented
the larger amounts of flavanols and flavonols in the dialyzed fraction, primarily catechin
and quercetin 3-glucoside compounds. The lowest (p < 0.05) total bioaccessibility was
found in mini rose, while torenia displayed the lowest (p < 0.05) bioaccessibility of the
flavonols. Several compounds were detected in the non-dialyzed fraction of the evaluated
flowers, with the highest (p < 0.05) and lowest (p < 0.05) contents in the cravine and
tagete, respectively. Cosmos showed the highest (p < 0.05) antioxidant activity in the
ORAC assay before in vitro digestion and in dialyzed and non-dialyzed fractions; the
observed activity was correlated (r = 0.9) to its major compounds hesperidin and rutin, as
well as to caffeic acid and procyanidin B2. Mini rose presented highest (p < 0.05)
antioxidant activity in FRAP and DPPH assays before in vitro digestion; its dialyzed and
non-dialyzed fraction showed the highest (p < 0.05) activity in FRAP, which was
correlated with the compounds pelargonidine 3,5-diglucoside, catechin, epicatechin
gallate, epicagocatechin gallate, procyanidin A2, quercitin 3-glucoside and trans-
reveratrol (r = 0.9). In the DPPH assay, mini rose showed the highest (p < 0.05) activity
in the non-dialyzed fraction, while cravine showed the highest (p < 0.05) activity in the
dialyzed fraction, which was mainly correlated with sirinic acid (r = 1.0), 3,5-diglucoside
pelargonidine. and epicatechin (r = 0.9). The results show variability in phenolic
composition and its bioaccessibility among the edible flowers studied. The cosmos and
mini rose flowers are suggested because they have bioaccessible phenolics with high
antioxidant activity.

Keywords: anthocyanins, antioxidant capacity, Cosmos sulphureus Cav., flavonoids, in
vitro digestion, Rosa chinensis Jacq.
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1 INTRODUCAO

Desde a antiguidade, flores comestiveis tém sido utilizadas para fins culinarios
(CHITRAKAR, ZHANG e BHANDARI, 2019), na Gltima década seu uso tem aumentado
devido a popularizagdo da culinaria gourmet (PIRES et al., 2018). Diferentes espécies de flores
podem ser empregadas como ingredientes na composicdo de pratos sofisticados, em produtos
de confeitaria e sobremesas, fornecendo além do valor nutritivo, uma combinacdo Unica de
aroma, sabor e beleza (TAKAHASHI et al., 2019). Entretanto, a forma mais frequente de
consumo de flores € in natura (ZHAO et al., 2019).

Dentre as diversas espécies de flores utilizadas em alimentos e bebidas, algumas sdo
mais populares devido a cor e/ou caracteristicas de sabor como a mini rosa, torénia, mini
margarida, begbnia, clitéria, cosmos, cravina e tagete. A mini rosa (Rosa chinensis Jacg.) de
coloracdo vermelho escuro tem sabor doce, é rica em antocianinas (ZHENG, MEENU e XU,
2019), podendo ser consumida em saladas, cristalizadas, compotas ou como enfeite de bolo
(FERNANDES et al., 2016). A torénia (Torenia fournieri F. Lind.) tem coloracdo roxa, sabor
ligeiramente doce, rica em compostos antioxidantes e muito utilizada na finalizacdo de pratos
devido ao seu aspecto aveludado (CHENSOM, OKUMURA e MISHIMA, 2019; LAOJUNTA,
NARUMI-WASAKI e FUKAI, 2016). A mini margarida (Bellis annua L.) possui pétalas
branca e centro amarelo, é uma flor delicada, possui sabor ligeiramente amargo, podendo ser
utilizada em saladas, guisados e na finalizacdo de pratos (BENVENUTI, BORTOLOTTI E
MAGGINI, 2016; GONGCALVES, SILVA e CARLOS, 2019). A begbnia (Begbnia x
tuberhybrida Voss.) possui coloracdo vermelho vivo, tem sabor levemente citrico utilizada em
preparacdes como geleias ou para ornamentar pratos (VELASCO, 2018).

A cosmos (Cosmos sulphureus Cav.) é amarelo, tem sabor ligeiramente amargo, € rica
em flavonoides (CHENSOM, OKUMURA e MISHIMA, 2019; JABERI et al., 2018), pode ser
utilizada na alimentacdo e medicina (MEDEIROS et al., 2017). A clitéria (Clitoria ternatea L.)
contem compostos fendlicos que conferem a esta flor propriedades antioxidantes,
(MUHAMMAD EZZUDIN e RABETA, 2018), devido a sua tonalidade azul vibrante é muito
utilizada na composicao de drinks e para colorir ovos, risotos, entre outros (MELO et al., 2018).
A cravina (Dianthus chinensis L.) tem coloracdo vinho, sabor picante, possui boa quantidade
de antocianinas, flavonol e tem aplicacGes alimenticias em saladas e decoracdo de pratos (LI et
al., 2014; ROBERTS, 2014). A tagete (Tagetes patula L.) é alaranjada, tem sabor citrico, sdo
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ricas em flavonoides e Oleo essencial com aplicagdes alimenticias e medicinais
(CHRYSARGYRIS et al., 2019; CHKHIKVISHVILI et al., 2016).

As flores comestiveis sdo fontes de compostos bioativos que ao serem consumidos
conferem beneficios a satude do consumidor (TAKAHASHI et al., 2019). Particularmente os
compostos fendlicos que também estdo presentes em flores comestiveis tém acao antioxidante
cedendo hidrogénio para desativar os radicais livres (ARNOSO, COSTA e SCHMIDT, 2019;
ZHENG, YU, MANINDER e XU, 2018), que sdo responsaveis pelo aparecimento de doencas
como diabetes, cancer, doencas cardiovasculares, entre outras (GONCALVES et al., 2019;
ZHENG, MEENU e XU, 2019). No entanto a atividade antioxidante depende de sua estrutura
quimica e da concentracdo destes compostos fendlicos que é absorvida na circulacdo
(BOMFIM, LIMA, VIANELO e SAO JOSE, 2017). E importante conhecer a quantidade destes
compostos na matriz alimentar, bem como a fracdo que sera liberada no trato gastrointestinal,
tornando-se disponivel para absorcao intestinal (ARNOSO, COSTA e SCHMIDT, 2019). Neste
contexto, a fim quantificar os fenolicos durante as fases da digestdo tem-se utilizado ensaios de
digest&o in vitro utilizando membranas que simulem a barreira intestinal, estes sistemas geram
dados que apresentam melhor correlacdo com a digestdo in vivo (DANTAS et al., 2019;
DUTRA et al., 2017; GONCALVES et al., 2019).

Considerando o crescente uso e a escassez de pesquisas com enfoque na composicéo
fendlica e bioacessibilidade de flores, fica evidente a necessidade de novos estudos que
contribuam para elucidar esse tema. Este estudo teve como objetivo investigar a composicao
fendlica, atividade antioxidante e a bioacessibilidade do fendlicos de flores utilizando uma
barreira intestinal simulada dos fenolicos de flores de diferentes cores supracitadas
considerando sua popularidade no uso culinario. A atividade antioxidante das flores e das suas
fracdes (dialisada e ndo dialisada) derivadas foram avaliadas utilizando os métodos capacidade
de eliminar radicais livres de 2,2-difenil-1-picril-hidrazil (DPPH), capacidade redutora de Fe*?

(FRAP) e capacidade de absor¢do de espécies reativas de oxigénio (ORAC).
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2 REVISAO DE LITERATURA

2.1 FLORES COMESTIVEIS: CARACTERISTICAS GERAIS

As flores comestiveis tém sido utilizadas para fins culinarios e medicinais desde 0s
tempos antigos (ZHAO et al., 2019). Na Franca e Italia mediaval as flores de caléndula e rosa
ja eram usadas como ingredientes em saladas, purés e omeletes (CHITRAKAR, ZHANG e
BHANDARI, 2019). Nas ultimas décadas houve um aumento das pesquisas com enfoque no
potencial de flores comestiveis como fontes de compostos bioativos e a popularidade das flores
comestiveis, bem como seu cultivo e consumo tem aumentado em todo o mundo (MLCEK e
ROP, 2011; PIRES et al., 2018). Embora haja producéo e comercializacdo por varias regides,
no Brasil as flores ainda sdo empregadas na culinaria como alimentos exaticos, de custo elevado
(FRANZEN et al., 2016).

Diferentes espécies de flores tém sido empregadas em salada, como enfeites ou como
recheios ou ingredientes em produtos de confeitaria e sobremesas incluindo bolos e compotas
(Figura 1 e 2), (CHITRAKAR, ZHANG e BHANDARI, 2019). Entretanto, a forma mais
frequente de consumo de flores é na forma in natura (ROP et al., 2012). De acordo com Navarro
et al. (2015) as flores de algumas plantas apresentam propriedades nutricionais e compostos
que as tornam verdadeiras iguarias para uso na culinaria. Além disso as flores comestiveis
adicionam um aroma exatico, sabor delicado, frescor aos alimentos e podem contribuir para a
salde humana devido ao seu potencial antioxidante (CHITRAKAR, ZHANG e BHANDARI,
2019).
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Figura 1. Exemplos do uso de flores comestiveis reportados para a culinaria gourmet. Fonte:
http://www.paopinheirense.com.br/blog/alimentacao/salada-com-flores-comestiveis. Instagran:
Helena_chef.Instagran: #florescomestives

Cada flor apresenta uma composi¢do nutricional distinta, entretanto a agua € o

componente predominante. As flores comestiveis contém minerais como calcio, cobre, ferro,
potassio, magnésio, além de antocianinas, flavonoides, carotenoides e vitaminas
(FERNANDES et al., 2017). Os compostos bioativos conferem as flores uma variedade de
propriedades funcionais, incluindo atividades antialérgicas, antimicrobianos, anti-
inflamatorios, antioxidantes e anticancerigenas (CHENSOM, OKUMURA e MISHIMA, 2019;
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PIRES et al., 2018). No entanto, os efeitos desses compostos na satde do consumidor estdo
diretamente relacionados com a biodisponibilidade e quantidades ingeridas (CROZIER, DEO
RIO e CLIFFOD, 2010).

A caracterizagdo dos compostos fendlicos das flores é importante a fim de conhecer
sua potencial contribuicdo funcional (CHEN et al. 2015; CHEN, CHEN, XIAO e FU, 2018). O
potencial de flores como alimentos que podem beneficiar a saide humana tem sido reportado
por varios autores e o0s efeitos bioldgicos observados sdo relacionados com a composicao
quimica de cada espécie (MACHADO, AZEVEDO e JACQUES, 2019). Extratos de flores de
caléndula (Calendula officinallis) demonstraram atividade antiviral, imunoestimulante, anti-
inflamatoria, gastroprotetor, cardioprotetor, entre outros (MIGUEL et al., 2016), enquanto
extratos de hibisco (Hibiscus rosa-sinensis) séo utilizadas como diurético, para tratamento de
desordem gastrointestinal, infeccGes hepaticas, febre e hipertensdo (FRANZEN et al. 2016).
Outros estudos relataram que flores de crisantemo (Chrysanthemum spp.) sdo utilizadas para o
tratamento de sintomas de resfriado, alivio da febre, desintoxicacdo, exibem efeitos protetores
contra isquemia cerebral, efeitos anticancerigena (PENG, LIN, ZHAO e SUN, 2019).

2.2 PRINCIPAIS FLORES UTILIZADAS PARA FINS CULINARIOS

De acordo com Lu, Lie Yin (2016), flores comestiveis podem ser obtidas de 97 familias,
100 géneros e 180 espécies no mundo inteiro. Na Tabela 1 é possivel observar o nome
cientifico, nome comum, uso culindrio mais frequente e caracteristicas de flavor das principais

flores comestiveis.



Tabela 1 — Lista das principais flores comestiveis

Nome cientifico

Nome comum

Uso culinario

Caracteristicas de Flavor/ Aroma

Estudos

Antirrhinum majus L.

Begonia x tuberhybrida Voss.

Bellis annua L.

Borago officinalis L.

Calendula officinalis L.

Centaurea cyanus L.

Cosmos sulphureus Cav.

Chrysanthemum spp.
Clitoria ternatea L.

Dianthus chinensis L.

Fuchsia hybrida Plum.
Hibiscus rosa-sinensis L.

boca-de-dragdo

begbnia

mini-margarida

borago

caléndula

centaurea

€cosmos, cosmo-

amarelo,

crisantemos

clitoria-azul, cunha

cravina

brinco-de-princesa

hibisco

saladas, decorar pratos.
saladas e guarnicdes.

saladas.

saladas e sopas.

saladas, sopas, manteiga, cha ou para
dar cor a molhos.

condimentar pdo, saladas, queijos
frescos, gelados.

saladas, decorar pratos e bolos

saladas, cha.

saladas, refrescos, chas, sopas,
sorvetes, arroz, tapiocas.

decorar ou adicionar a bolos, sopas,
saladas, geleias, compotas, vinagres e
vinhos.

massas, saladas, frutas e geleias.

saladas, chas.

ligeiramente amargo
ligeiramente citrico, azedo

levemente amarga

sabor semelhante ao pepino

ligeiramente amargo, picante,
apimentado

ligeiramente doce, picante assemelha-
se ao cravo-da-india

ligeiramente amargo, picante

sabor ligeiramente a muito amargo
sabor neutro

sabor picante floral

sabor levemente acido

leve sabor citrico

Fernandes et al., 2016

Fernandes et al., 2016

Jauron, Beiwel e Naeve, 2013; Micek e
Rop, 2011

Jauron, Beiwel e Naeve, 2013; Micek e
Rop, 2011

Fernandes et al., 2016

Fernandes et al., 2016

Silva, 2017

Fernandes et al., 2016
Muhammad Ezzudin e Rabeta, 2018

Fernandes et al., 2016

Fernandes et al., 2016

Jauron, Beiwel e Naeve, 2013; Micek e
Rop, 2011

8T



Helianthus annuus L.

Continuacéo da Tabela 1

girassol

saladas (pétalas) e aperitivo (sementes).

ligeiro sabor de frutos secos

Jauron, Beiwel e Naeve, 2013; Mlcek e
Rop, 2011

Nome cientifico Nome comum Uso culinério Caracteristicas de Flavor/ Aroma Estudos

Hemerocallis spp. L. lirios-de-um-dia saladas e guarnicdes. ligeiramente doce, Jauron, Beiwel e Naeve, 2013; Micek e
Rop, 2011

Monarda didyma L. balsamo de abelha saladas, guarnicdes e cha. citrus, horteld Jauron, Beiwel e Naeve, 2013; Micek e
Rop, 2011

Pelargonium hortorum L.

Rosa chinensis Jacg.
Syringa vulgaris L.

Tagetes patula L.

Tropaeolum majus L.
Torenia fournieri (F.) Lind.
Tulipa spp. L.

Viola x wittrockiana Wittr.

geranio

mini rosa
lilds ou violeta

tagete, cravo-de-
defunto, caléndula
francesa
capuchinha

torénia, ou amor-
perfeito-de-verao.

tulipa

amor-perfeito

saladas, tortas, bolos e doces em
geral, além de aromatizar vinagre e
bebidas.

saladas, compotas, cha,
cristalizadas e geleias.

saladas e cristalizadas.

infusdo, Pratos de mariscos,
saladas, decorar pratos e bolos.

pétalas em saladas, flores como
enfeite e botGes em conservas.
saladas, decorar pratos

saladas.

salada, guarnicdo, compotas e cha.

doce, aromatico

doce, aromatico

limdo, floral, picante, ligeiramente
amargo

sabor citrico

picante

ligeiramente doce

sabor doce a alface, ervilhas frescas

ou a pepino.
sabor perfumado e doce

Arrigoni-Blank, Almeida, oliveira e
Blank, 2011

Fernandes et al., 2016; Micek e Rop,
2011

Jauron, Beiwel e Naeve, 2013; Mlcek e
Rop, 2011

Fernandes et al., 2016

Fernandes et al., 2016
Milcek e Rop, 2011
Jauron, Beiwel e Naeve, 2013; Micek e

Rop, 2011
Fernandes et al., 2016

Fonte: O autor

67
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Figura 1. Imagem das flores comestiveis mais populares e amplamente consumidas. Flores de amor-
perfeito (A), caléndula (B), capuchinha (C), mini rosa (D), torénia (E), mini margarida (F), beg6nia (G), clitéria
(H), cosmos (1), cravina (J) e tagete (K) Fonte: Instagran #florescomestives

Dentre as flores comestiveis, amor perfeito (Viola x wittrockiana Wittr.), caléndula
(Calendula officinalis L.), capuchinha (Tropaeolum majus L.), mini rosa (Rosa chinensis
Jacq.), torénia (Torenia fournieri F. Lind.), mini margarida (Bellis annua L.), clitoria (Clitoria
ternatea L.), cosmos (Cosmos sulphureus Cav.), cravina (Dianthus chinensis L.), beg6nia
(Begonia x tuberhybrida Voss.) e tagete (Tagetes patula L.) sdo amplamente consumidas
(Figura 2).

O amor-perfeito (V. wittrockiana Wittr.) é uma flor da familia Violaceae, é originaria
da Europa Ocidental, é hermafrodita, pequena e delicada, podendo ser encontrada nas cores
roxa, branca, azul, amarela, ou em cores combinadas (BENVENUTI, BORTOLOTTI E
MAGGINI, 2016). As pétalas do amor-perfeito quase ndo tém sabor, porém a flor inteira possui
aroma e sabor suaves. O amor-perfeito é utilizado na extracdo de corantes alimentares e sua
textura aveludada permite a utilizacdo em doces, saladas, sopas, bebidas (KOIKE et al., 2015).
As propriedades antioxidantes do amor-perfeito sdo atribuidas a presenca de compostos
fendlicos em sua composicdo, incluindo particularmente a quercetina, kampferol, cianidina e
4cido ascorbico (GONZALEZ-BARRIO et al., 2018).

A caléndula (C. officinalis L.) € uma flor da familia Asteraceae, nativa da Europa, é
aclimatada no sul do Brasil (BENVENUTI, BORTOLOTTI E MAGGINI, 2016). Na Franca
medieval esta flor era utilizada para preparar omeletes, saladas ou como acompanhamento de
queijo (LARA-CORTES et al., 2014). As flores de caléndula possuem coloracio amarela
alaranjada e sdo conhecidas popularmente como margarida dourada, malmequer, bem-me-quer

e caléndula (SANTOS et al., 2015). Séo flores ricas em compostos como carotenoides, 6leos
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essenciais e flavonoides como quercetina e rutina (MIGUEL et al., 2016). A utilizacdo da
espécie na culinaria requer a retirada do polen j& que este pode causar reacOes alérgicas
(MOREIRA, 2015). As pétalas da caléndula possuem sabor ligeiramente amargo semelhante
ao acafrdo e podem ser utilizadas em arroz, saladas, sopas, guisados, manteigas, aves ou cha
(FERNANDES et al., 2016).

A espécie de nome popular capuchinha (T. majus L.) pertence a familia
Tropaeolaceae, € origindria da América do Sul, mas pode ser encontrada em diversas partes do
mundo devido a sua facil adaptacao climatica (FRANZEN et al., 2016). As flores de capuchinha
podem ser encontradas nas cores amarela, laranja ou vermelha (KOIKE et al.,, 2015). A
utilizacdo da espécie na culinaria varia conforme o pais, por exemplo, na india todas as partes
da planta sdo usadas na alimentagédo, enquanto na Franca apenas as flores, folhas e frutos sdo
utilizados (FRANZEN et al., 2016). A capuchinha possui sabor picante semelhante ao agriao,
sendo consumida na forma in natura ou utilizada em conservas, saladas frias, sucos, omeletes,
refogados, purés, ou para finalizagao de pratos (FERNANDES et al., 2016; LIMA et al., 2016).
Na composicdo quimica das flores de capuchinha estdo presentes luteina, 6leos essenciais,
vitamina C, acido clorogénico, pelargonidinas e sais minerais como cobre, ferro, potassio,
magneésio, zinco e estréncio (FERNANDES et al., 2017; NAVARRO et al., 2015),

O género Rosa pertence a familia Rosaceae é considerado um dos géneros mais
cultivados no mundo e inclui mais de 100 espécies, dentre elas a mini rosa (R. chinensis Jacg.).
Originaria da China, a mini rosa floresce continuamente produzindo flores que vao do branco
ao vermelho, passando pelo amarelo, rosa, laranja e purpura (DINIZ, ALMEIDA, OLIVEIRA
e VIDAL, 2014). As flores de mini rosa podem ser consumidas em mousses, cremes, saladas,
chés, compotas, em combinacdes com sucos de frutas, como enfeites de bolo (FERNANDES
et al., 2016) e em infusdo para concentrar o sabor (PIRES et al., 2018). Mini rosa tém sido
utilizada para tratamento de gripes, constipacdes e problemas digestivos (CHEN e WEI, 2017),
por possuirem vitaminas, minerais e acidos organicos (PIRES, DIAS, BARROS e FERREIRA,
2017). Ainda existem relatos de propriedades analgésicas, anti-inflamatorias, antipiréticas,
calmantes, cicatrizantes e diuréticas associadas a mini rosa (FERNANDES et al., 2017).

A torénia (T. fournieri F. Lind.) é uma flor originaria da Asia, pertence & familia
Scrophulareaceae e é conhecida também como como boca-de-ledo e amor-perfeito-de-verdo,
(LAOJUNTA, NARUMI-WASAKI e FUKAI, 2016). Suas flores tém aspecto aveludado e
forma semelhante a de um trompete, sdo geralmente encontradas nas cores azul na corola e um
branco amarelado na “garganta”, porém podem ser encontradas em diversas cores como rosa,

amarelo, roxo, violeta e vermelho (SPENCER, 2006). A torénia possui consideravel quantidade
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de compostos antioxidantes e tem sido amplamente utilizada na finalizagdo de pratos e em
saladas (MLCEK e ROP, 2011).

A espécie de nome popular mini margarida (B. annua L.) pertence a familia
Asteraceae, originaria da Europa, suas flores séo pequenas que podem ser simples ou dobrados
(BENVENUTI, BORTOLOTTI E MAGGINI, 2016). As pétalas sdo brancas e o centro
amarelo; possuem sabor ligeiramente amargo. A mini margarida é utilizada em saladas,
guisados, frutos do mar e na finalizacdo de pratos (MLCEK e ROP, 2011).

A flor da espécie C. sulphureus Cav. pertence ao género Bidens e a familia Asteraceae,
é conhecida como cosmos-amarelo ou picdo-grande (MEDEIROS et al., 2017). Cosmos possui
uma grande diversidade de fendlicos como flavondis, fenilpropanoides, poliacetilenos e tiofeno
(SILVA, 2017), que apresentam propriedades antioxidantes, anti-inflamatorias,
antigenotoxicas dentre outras (JABERI et al., 2018), sendo utilizada na alimentacdo e como
fitoterapico (MODISE e ASHAFA, 2016).

A clitoria (C. ternatea L.) também conhecida como cunha ou feijdo borboleta pertence
a familia Fabaceae (ZAKARIA et al., 2018). As flores sdo azul-escuras ou branca, pode ser
usada como corante natural na preparacao de alimentos a base de 4gua (arroz, macarréo, ovos,
etc.), na confeccdo de drinks (que mudam da cor azul para lilas ao se acrescentar limédo) ou
consumidas com frango grelhado e peixe empanado (MUHAMMAD EZZUDIN e RABETA,
2018). As flores da clitoria séo ricas em compostos fendlicos como flavondides, antocianinas,
(LIJON et al. 2017). As propriedades ja descritas para a clitoria incluem efeito antidepressivo,
ansiolitico, anticonvulsivante, anti-inflamatério e antipirético (MELO et al., 2018).

A cravina (D. chinensis L.) é nativa da Asia e pertence a familia Caryophyllaceae
(HAN et al., 2015). As flores de cravina podem ser encontradas nos tons branco, rosa, roxo,
vermelho ou bicolor, a cravina apresenta sabor picante, sendo usada em saladas, sanduiches,
geleias, tortas e na aromatizacdo de vinagre e vinho (KOIKE, ANTONIO, FERREIRA e
VILLAVICENCIO, 2014). Cravinas possuem boa quantidade de antocianinas, flavonol
(kampferol), eugenol e 6leo essencial (MARTINETI et al., 2010). As propriedades ja descritas
para a cravina incluem atividade hipotensiva, anti-helmintica, antitumoral e antioxidante e
estimulo do peristaltismo intestinal (NHO, CHUN e KIM, 2012).

Existem 1.835 espécies de begbnias (HUGHES, MOONLIGHT, JARA e PULLAN,
2015), divididas em seis grupos, onde as B. tuberhybrida Voss. sdo hibridas de espécies de
begbnias tuberosas originarias dos Andes (SANDGRIND, 2017). As flores de beg6nia sdo ricas
em flavonoides (SEITZ et al.,, 2015), carotenoides, betalainas (ZHAO e TAO, 2015) e
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antocianinas (PINA, 2014), possuem sabor levemente citrico e sdo utilizadas para decorar
pratos ou na preparacéo de doces e geleias (FERNANDES et al., 2016).

A espécie tagete (T. patula L.) € nativa da América Central, pertencente a familia
Asteraceae, possui flores variando entre as cores amarelo, laranja, vermelho e marrom
(CHITRAKAR et al., 2019) que podem ser usadas em bebidas refrescantes, bem como para
colorir, enfeitar e dar sabor aos alimentos (FERNANDES et al., 2016). S&o ricas em tiofenos
(SANTOS et al., 2015), alcaloides, acidos graxos, flavonoides, terpenos (SANTOS, 2013),
carotenoides e acidos fendlicos (CHITRAKAR, ZHANG e BHANDARI, 2019), conferindo a
esta flor propriedades imuno-estimulante, analgésica, laxante, antiespasmédica, (SANTOS et
al., 2015) antioxidante, antifungica, anti-inflamatoria e antibacteriana (CHITRAKAR, ZHANG
e BHANDARI, 2019).

Devido a grande diversidade de fitoquimicos ja relatados nas flores, sua utilizagdo na
dieta vem sendo indicada para ampliar a ingestdo de compostos bioativos (PIRES, et al., 2018).

2.3 COMPOSTOS FENOLICOS E ATIVIDADE ANTIOXIDANTE

Os compostos fenolicos sdo produtos secundarios do metabolismo vegetal que possuem
um ou mais anéis aromaticos em sua estrutura, o que lhes permite atuar como agentes redutores
(ARNOSO, COSTA e SCHMIDT, 2019). Constituem um dos grupos quimicos mais numerosos
e amplamente distribuidos no reino vegetal, divididos em grupos e subgrupos (Figuras 4), de
acordo com o nimero de anéis aromaticos que contem e os elementos que ligam esses anéis
entre si (Figura 5) (OLIVEIRA, 2014). Entre os compostos fendlicos mais conhecidos estdo os
acidos fenolicos, cumarinas, flavonoides e taninos, sendo responsaveis pelo aroma, cor e sabor
de vegetais (GONCALVES, SILVA e CARLOS, 2019). Estes compostos possuem diversas
funcbes bioldgicas como antialergénico, antinflamatério, antiviral, antiulcerogénico,
antiproliferativo, anticarcinogénico, auxiliando em particular contra o estresse oxidativo e
doencas como parkinson, alzheimer e doencas cardiovasculares (ANANTHARAJU, GOWDA,
VIMALAMBIKE e MADHUNAPANTULA, 2016).
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| Acidos benzéicos | | Galico, siringico, etc. |

Acidos E— — .
fenlicos Acidos cinamicos ——{"p-cumérico, cafeico, etc. |
Nao _
flavonoides Estilbenos | —{ Resveratrol |

Flavondis  |——{ Quercitina, campferol, etc. |

Compostos
fendlicos

Flavandis ~ |——| Catequina, epicatequina, etc. |

Flavonoides

Flavonas  |——| Apigenina, luteolina, etc. |

Flavanonas  |——{ Hesperidina, narigenina, etc. |

Antocianinas | Cianidina, malvidina, etc. ]

Isoflavonas  |——{ Genisteina, gliciteina, etc. |

Figura 2. Classificagdo dos compostos fenolicos. Fonte: O autor.

Os é&cidos fendlicos sdo compostos fendlicos ndo flavonoides derivados de acidos
benzoicos e de acidos cindmicos, que podem ser encontrados na forma livre ou conjugada. Os
acidos benzoicos compdem estruturas complexas como taninos hidrolisaveis, mas ndo estdo
presentes em grandes quantidades em frutas e vegetais, enquanto o0s acidos cindmicos sdo mais
comuns nos alimentos e consistem majoritariamente em acidos p-cumarico, cafeico, ferulico e
sindpico (ARNOSO, COSTA e SCHMIDT, 2019).

Os estilbenos sdo representados pelo resveratrol que pode se apresentar na forma cis ou
trans, devido a presenca do esqueleto de estilbeno hidroxilado em sua estrutura quimica
exercem funcdes benéficas ao organismo como antioxidante, antiviral e anticancerigena
(NIVELLE et al., 2017).

Acidos fenélicos Estilbenos Flavonoides

[ g
CH,Q - _ fo)
OH O @
HOY

Figura 3. Classificacdo dos compostos fendlicos de acordo com a estrutura quimica geral. Fonte:
AGUIAR, 2017, com adaptacoes.

Os flavonoides, maior grupo fendlicos vegetais, sao compostos de baixo peso molecular,
constituido por dois anéis aromaticos ligados por trés atomos de carbono, com um ou mais
substituintes hidroxilas. Podem atuar como sequestradores ou doadores de H* neutralizando ou

estabilizando os radicais livres, dessa forma os flavonoides auxiliam reduzindo a incidéncia de
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cancer, diabetes, problemas cardiacos e acidente vascular cerebral (OLIVEIRA, 2014). Os
flavonoides séo divididos em seis subgrupos (Figura 6) flavonois, flavanois, flavonas,
flavanonas, antocianidinas e isoflavonas que variam de acordo com o padréo de hidroxilagéo,
glicosilacdo e demais reagdes que possam alterar a molécula béasica (BOROSKI,
VISENTAINER, COTTICA e MORAIS, 2015).

Flavonois Flavanois Flavonas
g -
o O O
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OH
OH .S
Flavanonas Antocianinas Isoflavonas

g g
0 v~ U
(s] # QaH

Figura 4. Classificagdo dos flavonoides de acordo com a estrutura quimica geral. Fonte:
AGUIAR, 2017. Com adaptacGes

As flavanonas atuam como antioxidante e anticancer, sendo representadas por
compostos como naringina e hesperidina, e por suas agliconas, como naringenina e hesperetina
(MISTRY, PATEL e KEUM, 2017). Os flavondis séo alguns dos flavonoides mais presentes
no reino vegetal, ocorrendo mais comumente na forma glicosilada, sendo a quercetina e
kampferol os mais comuns. Estes dois compostos tendem a se concentrar nas areas das plantas
mais expostas a luz, que estimula a biossintese destes compostos (ARNOSO, COSTA e
SCHMIDT, 2019). Ja as flavonas sdo menos abundantes que os flavondis, sdo constituidas
principalmente por glicosideos de luteolina e apigenina, atuando como neuroprotetoras e
antimicrobianas e anticancerigenas (WAHYUONO et al., 2017). As isoflavonas possuem
estruturas similares ao estrogénio e podem se ligar a receptores deste hormonio, seus principais
compostos sdo a genisteina e daidzeina que possuem efeitos quimiopreventivos
(NIEDZWIECKI, ROOMI, KALINOVSKY e RATH, 2016). Os flavanois sdo constituidos
basicamente por monémeros, sendo eles catequinas e epicatequinas e seus derivados, como
galocatequina, epigalocatequina, entre outros, podendo formar oligdmeros e polimeros, que ao
serem despolimerizados geram compostos como as antocianidinas (ZHANG et al., 2017).

As antocianinas sdo pigmentos soliveis em 4gua, com variagao de cor entre o vermelho
ao violeta e azul, estruturalmente sdo constituidas por glicosideos, sendo a D-glicose, a D-
ramnose e a D-galactose, os agucares mais comuns (AGUIAR, 2017). S&o derivados

hidroxilados ou metoxilados do fenil-2-benzopirilio. Entre os compostos quimicos pertencentes
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a este grupo estdo a pelargonidina, petunidina, delfinidina, cianidina, peonidina e malvidina. A
pigmentacdo das antocianinas varia, dependendo do grau de hidroxilagdo, padrédo de
glicosilagdo, padrdo de metilagdo dos anéis aromaticos e do pH. O vermelho predomina em
condi¢des acidas e 0 azul em condicdes basicas (ARNOSO, COSTA e SCHMIDT, 2019). Além
de desempenhar papel importante na aparéncia do produto, este pigmento pode ter efeitos
benéficos para a salde, devido as suas propriedades antioxidantes, antinflamatorias,
anticancerigenas e antidiabéticas (PIRES et al., 2018a).

Os compostos fenodlicos tém acdo antioxidante pelo mecanismo primario, ou seja,
neutralizam a cadeia de radicais cedendo hidrogénio a um radical livre e assumindo a forma de
radical estavel (AKOH e MIN, 2017). Os radicais livres sdo responsaveis pelo envelhecimento
e aparecimento de diversas doengas como cancer, doencgas cardiovasculares, catarata, declinio
do sistema imune e disfungdes cerebrais (GONCALVES et al., 2019). No entanto a eficacia da
acdo antioxidante depende de sua estrutura quimica e da concentracdo destes compostos
fendlicos no alimento, bem como da sua absor¢do (BOMFIM, LIMA, VIANELO e SAO JOSE,
2017).

Os métodos de avaliacdo da atividade antioxidante diferem em relagéo tipo de radical e
mecanismo da reacdo, dessa forma os resultados obtidos variam de acordo com o método de
analise empregado é recomendado o uso de pelo menos dois métodos combinados para fornece
um resultado confiavel da capacidade antioxidante total de um alimento (RIBEIRO, 2016).

Nesse contexto, 0os métodos colorimétricos para determinacdo da atividade antioxidante
in vitro tem sido os mais aplicados onde um radical reage com moléculas alvos alterando a cor,
fluorescéncia, perda ou ganho de elétrons (ressonancia do spin eletrénico), entre outros
indicando a presenca de antioxidantes e permitindo sua quantificacdo (ALVES et al., 2010;
BORGES, LUCIO, GIL e BARBOSA, 2011).

A capacidade de eliminar radicais livres de 2,2-difenil-1-picril-hidrazil (DPPH) é um
dos métodos mais utilizados por ser considerado pratico, rapido e estavel (IRONDI,
AWOYALE, OBOH e BOLIGON, 2017). O DPPH ¢ um radical livre estavel em virtude da
possibilidade de deslocamento de seus elétrons na molécula, que conferem uma intensa
coloracdo purpura (RUFINO, FERNANDES, ALVES e BRITO 2009). Quando uma
determinada substancia que age como doador de 4&tomos de hidrogénio é adicionada a uma
solucdo de DPPH, a hidrazina é obtida com mudanca na coloracdo de violeta a amarelo, cuja
absorbéancia pode ser medida no comprimento de onda de 515 nm e quanto maior o consumo

de DPPH por uma amostra, maior a sua atividade antioxidante (ALVES et al., 2017).
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A capacidade de eliminar ou inibir a formacéo cation radical ABTS<" [2,2"-azinobis (3-
etilbenzotiazolina-6-acido sulfonico)] é um método bastante utilizado para medir a atividade
antioxidante de compostos de natureza hidrofilica e lipofilica, devido a sua simplicidade que
permite a aplicacdo na rotina de qualquer laboratério (KUSKOSKI et al., 2005). Neste método
o radical ABTS-" de cor verde escuro, ao ser oxidado pela reacdo de persulfato de potassio gera
o radical ABTSe" de cor verde claro, que é medido a uma absorbancia de 734 nm. Na presenca
de antioxidantes, o radical ABTSe* aparece com um tempo de atraso e a duracdo do tempo de
atraso (t) € proporcional a capacidade antioxidante do antioxidante (JIA, LIU, KONG e SHEN,
2012).

O método FRAP estd baseado na producio do ion Fe?* (forma ferrosa) a partir da
reducdo do ion Fe®** (forma férrica) presente no complexo TPTZ [2,4,6-tris(2-piridil) -s-
triazina] (RUFINO et al., 2006). Quando a reducéo ocorre, ha uma alteracdo na tonalidade para
uma cor azul intensa, cuja absorbancia pode ser medida no comprimento de onda de 595 nm,
assim quanto maior a absorbancia ou intensidade da coloracdo, maior sera o potencial
antioxidante (GONZALEZ-BARRIO et al., 2018).

Enguanto os métodos anteriormente citados utilizam radicais ndo estdo presentes em
seres humanos o metodo ORAC e geralmente aplicado utilizando AAPH [L (+)-acido
ascorbico, galato de epicatequina, dicloridrato de 2,2’-azobis (2-metilpropionamidina)] como
gerador de radical peroxil (que € um oxidante comumente encontrado em substratos bioldgicos)
e um indicador fluorescente, tornando-se dessa forma, mais relevante para o sistema biolégico
humano (ALVES et al., 2010). Neste ensaio o radical peroxil, reage com o indicador
fluorescente para formar um produto ndo fluorescente, cuja absorbancia pode ser medida no
comprimento de onda de 520 nm (GONCALVES et al., 2019).

Ensaios de atividade antioxidante associados a bioacessibilidade de compostos
fendlicos e atividade antioxidante das fracdes absoviveis constituem uma abordagem
biologicamente mais relevante do que apenas 0s ensaios quimicos, visto que 0S compostos
fendlicos presentes nas amostras nem sempre refletem a quantidade disponivel para ser
absorvido e metabolizado pelo corpo humano, fazendo-se necessaria a compreensdo da

bioacessibilidade e absorcdo destes compostos (SUN et al., 2019).
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2.4 BIOACESSIBILIDADE DE COMPOSTOS FENOLICOS

Os compostos fendlicos sdo fontes de antioxidantes na alimentagdo do ser humano, no
entanto, para alcangar os beneficios desta funcdo é necessario que a digestdo, absorcéo e
metabolizagdo destes compostos sejam eficientes (ARNOSO, COSTA e SCHMIDT, 2019).
Para que um metabolito desempenhe atividade biolégica € importante conhecer a
bioacessibilidade do composto bem como, estrutura quimica, complexidade da matriz
alimentar, o tipo e quantidade dos outros compostos ingeridos, concentracfes e atividades
enzimaticas, o estado fisiologico e o maior ou menor tempo de esvaziamento gastrico ou de
transito intestinal, podem influenciar na bioacessibilidade (HOLANDA, 2018; SANTIAGO,
2018).

A bioacessibilidade é definida como a quantidade de compostos que é liberada a partir
da matriz alimentar, tornando-se disponivel para absorcédo intestinal apds a digestéo, enquanto
que a biodisponibilidade ¢é definida como a fracdo dos compostos que € absorvida na circulacéo,
tornando-se disponivel para utilizacdo em funcgdes fisioldgicas ou para armazenamento no
corpo humano (RODRIGUEZ-AMAYA, 2015). Segundo Cardoso et al. (2015) a avaliacéo da
bioacessibilidade e biodisponibilidade é importante para ampliar os conhecimentos sobre 0s
beneficios associados ao consumo de alimentos fontes de compostos fendlicos. Entre os
métodos de avaliacdo mais utilizados, as tecnicas in vitro apresentam ampla produtividade,
flexibilidade, praticidade, rapidez e custos moderados (DUTRA et al., 2017).

O modelo de digestdo in vitro, simulando a digestdo humana tem apresentado resultados
confidveis da bioacessibilidade de compostos bioativos e da capacidade antioxidante total em
produtos vegetais, apresentando-se como uma alternativa a estudos em humanos ou animais
(GONCALVES et al., 2019). Entretanto, os modelos in vitro mais utilizados apresentam
algumas limitac6es por ndo simularem a mobilidade de compostos atraves da barreira intestinal.
Assim, os modelos que utilizam membranas de diadlise para simular a barreira intestinal
fornecem informag6es mais confiaveis sobre a bioacessibilidade de compostos bioativos, 0s
compostos capazes de atravessar a barreira intestinal simulada sao melhor correlacionados com
os resultados de bioacessibilidade de abordagens in vivo (DANTAS et al., 2019).

Embora a biodisponibilidade seja fundamental para que os compostos fendlicos
exercam fungdes no organismo, este depende da bioacessibilidade do composto e da sua
capacidade de atravessar a barreira intestinal (SANTIAGO, 2018; HELAL, TAGLIAZUCCHI,
VERZELLNI e CONTE, 2014). De acordo com Arnoso et al. (2019) a biodisponibilidade dos
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compostos fenolicos difere, e muitas vezes os alimentos que apresentam maiores quantidades
desses compostos, podem n&o ser os que apresentam o melhor perfil de biodisponibilidade.
Sobre o processo de digestdo dos compostos fendlicos, sabe-se que 0 metabolismo comega no
limen do intestino delgado e apds a absorcdo eles sofrem modificagdes no figado e outros
6rgéos, além disso os fendlicos podem atingir o intestino grosso e serem transformados pela
microflora em compostos mais simples que poderdo ser absorvidos e distribuidos para 0s
tecidos entretanto, mais estudos precisam ser realizados para estabelecer o destino dos
metabolitos provenientes dos compostos fendlicos ingeridos (FANARO, 2013).

Estudos envolvendo a bioacessibilidade s&o recentes e mostram a importancia de se
conhecer a fracdo dos compostos que é liberada da matriz alimentar, devendo ser considerada
a bioacessibilidade dos polifenodis nos alimentos, visto que a biodisponibilidade destes pode
variar quando em conjunto com a matriz do alimento (HOLANDA, 2018). Sendo assim, diante
da importancia dos compostos fendlicos € essencial compreender que além da quantidade
presente nos alimentos, é necessario verificar a quantidade bioacessivel dos mesmos, ou seja, a
fracdo que supostamente pode ser absorvida apds o processo da digestdo, na tentativa de
elucidar os efeitos dos compostos fenolicos absorvidos nas fungdes do organismo humano.
Todavia, dadas as limitacdes para a realizacdo de ensaios in vivo diante da variedade de
matrizes alimentares disponiveis, ensaios in vitro que apresentem boa correlacdo com dados in

Vvivo sdo essenciais para tal compreenséo.
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3 MATERIAL E METODOS

3.1 PADROES E REAGENTES

Metanol e &cido cloridrico (HCI; 37% p/p) foram adquiridos da JT Baker (Phil-lipsburg,
EUA).Os produtos quimicos 2,2-difenil-2-picril-hidrazil hidratado (DPPH) e o hidroxi-2,5,7,8-
tetrametilcromano-2-carboxilato (Trolox) foram obtidos da Sigma-Aldrich Chemical, SA
(Hamburgo, Alemanha), e 2,4,6-tris-(2-piridil)-s-triazina (TPTZ) foi obtido da Sigma-Aldrich
Chemical, SA (Mildo, Italia). Pepsina, o-amilase, pancreatina, glicodoxicolato,
taurodesoxicolato e taurocolato foram obtidos da Sigma-Aldrich (St. Louis, Missouri, EUA).
Acido cloridrico (HCI) (37% m/m) e metanol foram adquiridos da Neon (S&o Paulo, Brasil).

Padrbes de compostos fenolicos (acido galico, acido caftarico, acido p-cumarico, acido
clorogénico, acido cafeico, é&cido siringico, malvidina-3,5-diglucosideo, malvidina-3-
glucosideo, delfinidina-3-glucosideo, pelargonidina-3,5-diglucosideo, pelargonidina-3-
glucoside,  cianidina-3,5-diglucoside,  cianidina-3-glucosido,  petunidina-3-glucosido,
peonidina-3-glucoésido, catequina, epicatequina, galato de epicatequina, galato  de
epigalocatequina, procianidina B1, procianidina B2, procianidina A2, naringenina, hesperidina,
quercitina-3-glucésido, kaempferol-3-glucosido, miricetina, rutina, cis-resveratrol e trans-
resveratrol) para cromatografia liquida de alta eficiéncia (HPLC) foram adquiridos da Sigma-
Aldrich (St. Louis, MO, EUA). Todos os reagentes eram de grau analitico, cromatografico ou
espectroscopico. A agua foi tratada em um sistema de purificacdo de agua Milli-Q 76 (TGI Pure
Water Systems, Greenville, SC, EUA).

3.2 ESPECIES DE FLORES

Amostras de flores frescas de mini rosa (Rosa chinensis Jacg.), torenia [Torenia
fournieri (F.) Lind.], mini margarida (Bellis annua L.), clitoria (Clitoria ternatea L.), cosmos
(Cosmos sulphureus Cav.), cravina (Dianthus chinensis L.), begdnia (Begonia x tuberhybrida
Voss.) e tagete (Tagetes patula L.) foram coletadas na fase de floragdo completa. As flores

foram adquiridas de uma empresa comercial localizada na cidade de Jodo Pessoa - PB (Brasil)
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que cultiva e vende flores comestiveis da producgdo orgénica. Entre dezembro de 2018 e maio
de 2019 (dependendo da disponibilidade de cada espécie), um lote de 250 g de cada flor foi
colhido pela manha e transportado imediatamente para o laboratorio em caixas térmicas (4 °C).
A flor inteira foi considerada, porque todas as partes das espécies incluidas no estudo sdo
normalmente consumidas. Os 250 g de cada espécie foram divididos em trés amostras
independentes e as andlises realizadas conforme descrito nas se¢des a seguir. Os espécimes
foram depositados no herbario Lauro Pires Xavier Herbarium, na Universidade Federal da
Paraiba. Este estudo tem permissdo de acesso a heranca genética de plantas e esta registrado na
Plataforma SisGen (Registro AAF523E), seguindo a Lei Brasileira de Biodiversidade
(13.123/2015).

3.3 BIOACESSIBILIDADE DE FLORES COMESTIVEIS

O sistema de digestdo gastrointestinal simulado incluiu trés fases sequenciais (oral,
gastrica e intestino delgado) acopladas a dialise usando uma membrana (corte de peso
molecular de 12.000 Da) seguindo os procedimentos descritos por Oliveira et al. (2020). Para
obter as amostras para o ensaio de digestdo in vitro, 2,0 g da flor fresca foram macerados e
homogeneizados usando vértice até um volume final de 25 mL de agua destilada. A fase oral
foi simulada pela adi¢do de 5 mL da solucéo salivar (2,38 g de Na,HPO4, 0,19 g de KH2PO4,
8 g de NaCl e 200 U / L de a-amilase), e a mistura foi mantida a 37 = 2 °C sob rotacdo 90 rpm
por 10 min. Posteriormente, 1 mL da solucédo de pepsina (0,108 g da pepsina diluida em 10 mL
do HCI 0,1 M) foi adicionado para simular as condi¢des gastricas (pH ajustado para 2,0 com
HCI 6M). A mistura foi novamente incubada a 37 + 2 °C a 90 rpm por 2 h. A fase intestinal foi
simulada com 2,5 mL de solucdo de pancreatina (0,08 g de pancreatina em 10 mL de NaHCOs
0,5 M) e 2,5 mL de solucdo de sais biliares (0,5 g de sais biliares em 10 mL), com o pH ajustado
para 7 usando NaOH 6M. As amostras foram incubadas novamente a 37 £ 2 °C por 2 h na
mesma rotacao descrita acima. A digestao simulada do intestino delgado foi realizada utilizando
uma membrana de dialise de celulose preenchida com uma solu¢do de NaHCOsz 0,5 M imersa
nas amostras digeridas. O sistema foi incubado a 37 £ 2 °C por 8 h a 90 rpm. A fracdo capaz
de atravessar a membrana de dialise (fracdo dialisada; dentro da membrana) continha o0s

fendlicos bioacessiveis e, portanto, supostamente disponiveis para absor¢do. Os fenolicos
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considerados ndo absorvidos estavam na fracdo ndo dialisada (fora da membrana). Os

resultados, expressos em porcentagem, foram determinados da seguinte forma (Eq. 1):

Bioacessibilidade (%) = (fracdo dialisada/ fragdo ndo digerida) x 100 Eq. 1

3.4 EXTRACAO DE COMPOSTOS FENOLICOS DE FLORES COMESTIVEIS E SUAS
FRACOES DIGESTIVAS

Para extrair os fenolicos de cada flor, 2,0 g de flores frescas foram maceradas e
homogeneizadas (1:10) com solucéo de &cido metanol (80% metanol, 19% H20 e 1% de acido
cloridrico, v/v/v ) usando vortice por 2 min, ultrassonico a 40 kHz por 30 min a 25 °C (banho
USC1800, UNIQUE, Brasil). A mistura foi centrifugada a 6000 x g durante 15 min e 0
sobrenadante foi removido. O procedimento foi repetido duas vezes e 0s sobrenadantes foram
misturados em uma Unica amostra (volume final de 20 mL). Os extratos da fracdo dialisada e
da fracdo ndo dialisada foram obtidos por adicdo direta de solucdo de &cido metanol seguida
dos mesmos procedimentos acima. O solvente do extrato fendlico foi concentrado usando um
evaporador rotativo a 35 + 2 °C (Fisatom 802, Séo Paulo, Brasil). Uma aliquota de 1 mL do
extrato foi filtrada através de um filtro de seringa de 0,45 um (PTFE) e usada para quantificacéo
de compostos fenolicos usando cromatografia liquida de alta eficiéncia (HPLC). O mesmo

extrato foi utilizado em ensaios de atividade antioxidante (DANTAS et al., 2019).

3.5 ATIVIDADE ANTIOXIDANTE EM FLORES COMESTIVEIS E SUAS FRACOES
DIGESTIVAS SIMULADAS

A capacidade do fenolico de remover os radicais livres de hidrato de 2,2-difenil-2-
picrilhidrazida (DPPHe) foi analisada de acordo com os procedimentos descritos por Rufino,
Fernandes, Alves e Brito (2009), com pequenas modificaces. Usando extratos de cada flor e
suas correspondentes fracGes dialisadas e ndo dialisadas, uma aliquota de 0,1 mL de cada
amostra foi adicionada aos pocos da microplaca de 96 pocos e diluida com 2,9 mL da solucédo
DPPHe (preparada diluindo DPPHe 0,06 M em metanol; a absorvancia a 515 nm ~ 0,980 +
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0,02). A microplaca foi incubada & temperatura ambiente por 30 min no escuro e a absorvancia
foi entdo medida a 515 nm. A curva padrdo foi determinada usando Trolox e os resultados
expressos em uM Trolox por 100 g de amostra (uM Trolox/100g).

O poder antioxidante redutor férrico (FRAP) foi medido de acordo com o descrito por
Rufino et al. (2006), com pequenas modificacdes. Usando o extrato da flor ou suas
correspondentes fracdes dialisadas e ndo dialisadas, uma aliquota de 90 uL foi adicionada a 270
uL de &gua destilada e 2,7 mL de reagente FRAP [preparado com tampdo acetato de 0,3 M (pH
3,6) e 10 umol/L de 2,4,6-tris-(2 piridil)-s-triazina (TPTZ) em solucéo de 40 umol/L de HCI
com 20 uM de FeClI3]. A mistura foi agitada e incubada em banho-maria por 30 mina 37 + 1
°C e a absorcdo foi medida a 595 nm. A curva padrao foi criada com Trolox e os resultados
expressos em uM TEAC/100 g

A capacidade de absorcéo de radicais de oxigénio (ORAC) foi determinada seguindo os
procedimentos descritos por Zulueta, Esteve e Frigola (2009), com modificacdes. Usando o
extrato da flor ou suas correspondentes fracGes dialisadas e nao dialisadas, uma aliquota de 20
mL foi adicionada a uma microplaca preta e carregada com 120 mL de solucédo de fluoresceina
para iniciar a reacdo (0,4 mg/mL). A reacdo foi iniciada pela adigcdo de 60 ul de 2,20-azobis 2
metilpropionamidina (AAPH) a cada poc¢o apds incubacgéo por 10 min a 37 + 1 °C. As leituras
foram registradas por 80 min, a cada intervalo de 1 min, com emissdo a 520 nm, excitacdo a
485 nm e temperatura controlada a 37 °C. A curva de calibracao foi determinada com Trolox
padrédo (25 e 700 mg/mL) e uma amostra branca (sem extrato). Os resultados foram expressos
em uM TEAC/100 g de amostra.

Todas as leituras nos ensaios DPPH, FRAP ou ORAC foram realizadas usando um leitor
de microplacas (Fluorstar Omega, BMG LABTEC, Alemanha).

3.6 DETERMINACAO DA COMPOSICAO FENOLICA EM FLORES COMESTIVEIS E
SUAS FRACOES DIGESTIVAS

Os compostos fenolicos foram identificados e quantificados usando um sistema de
cromatografia liquida de alta eficiéncia (Agilent 1260 Infinity LC, Santa Clara, CA, EUA),
acoplado a um detector de arranjo de diodos (DAD) (modelo G1315D). Uma pré-coluna Zorbax
C18 (12,6 x 4,6 mm, 5 um) (Zorbax, EUA) e uma coluna Zorbax Eclipse Plus RP-C18 (100 x

4,6 mm, 3,5 um) foram utilizadas para a separagdo cromatogréfica dos fendlicos. O volume da
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amostra injetada foi de 20 uL e a temperatura da coluna foi ajustada para 35 °C. A fase movel
foi a solugdo de agua acidificada com &cido fosférico 0,1 M (pH = 2,0, fase A) e metanol &cido-
fosforico a 0,5% (fase B) usando uma taxa de fluxo de 0,8 mL/min (PADILHA et al., 2017).

A calibracdo foi realizada injetando os padrfes trés vezes em sete concentracfes
diferentes (0,01, 0,03, 0,05, 0,1, 0,25, 0,5 e 1,0 mg/mL). Os compostos fendlicos individuais
foram identificados comparando o tempo de retencdo cromatogréfica (co-injecdo) com o0s
padrdes auténticos de Sigma Aldrich. A quantificacdo foi baseada nas areas de pico detectadas,
calculadas usando o software de aquisi¢éo LabSolutions versdo 5.42 SP4 Copyright (Shimadzu
Corpo-ration), comparado as curvas de calibragdo predeterminadas. Todos 0s compostos
analisados apresentaram curvas de calibragio com R?> 0,998.

A deteccdo dos compostos foi realizada a 220 nm para catequina (LOD = 0,06 e LOQ
= 0,08 mg/L), epicatequina (LOD = 0,06 e LOQ = 0,07 mg/L), galato de epicatequina (LOD =
0,06 e LOQ = 0,07 mg/L), galato de epigalocatequina (LOD = 0,04 e LOQ = 0,05 mg/L),
procianidina B1 (LOD = 0,01 e LOQ = 0,012 mg/L), procianidina B2 (LOD = 0,04 e LOQ =
0,06 mg/L) e procianidina A2 (LOD = 0,06 e LOQ = 0,07 mg/L); 280 nm para acido galico
(LOD = 0,12 e LOQ = 0,14 mg/L), acido siringico (LOD = 0,08 e LOQ = 0,12 mg/L), cis-
resveratrol (LOD = 0,08 e LOQ = 0,10 mg/L), hesperidina (LOD = 0,12 e LOQ = 0,17 mg/L)
e naringenina (LOD = 0,16 e LOQ = 0,22 mg/L); 320 nm para &cido caftarico (LOD =0,09 e
LOQ = 0,01 mg/L), acido p-cumarico (LOD = 0,10 e LOQ = 0,12 mg/L), acido clorogénico
(LOD =0,11 e LOQ = 0,15 mg/L), &cido cafeico (LOD = 0,01 e LOQ = 0,012 mg/L) e trans-
resveratrol (LOD = 0,04 e LOQ = 0,06 mg/L); 360 nm para o campferol (LOD = 0,10 e LOQ
= 0,12 mg/L), quercetina (LOD =0,11 e LOQ = 0,14 mg/L), rutina (LOD = 0,08 e LOQ =0,10
mg/L) e miricetina (LOD = 0,05 e LOQ = 0,07 mg/L); e 520 nm para malvidina 3-glucosido
(LOD = 0,85 e LOQ = 1,41 mg/L), malvidina 3,5-diglucosideo (LOD = 0,24 e LOQ = 0,28
mg/L), cianidina 3-glucésido (LOD = 0,11 e LOQ = 0,15 mg/L), cianidina 3,5-diglucosideo
(LOD = 0,07 e LOQ = 0,08 mg/L), pelargonidina 3-glucosideo (LOD = 0,06 e LOQ = 0,08
mg/L), pelargonidina 3,5-diglucésido (LOD = 0,05 e LOQ = 0,0,05 mg/L), delfinidina 3-
glucésido (LOD = 0,17 e LOQ = 0,22 mg/L) e petunidina 3-glucésido (LOD = 0,10 e LOQ =
0,12 mg/L).
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3.7 ANALISE ESTATISTICA

Todos os ensaios foram realizados em triplicata para cada replicado genuino obtido do
mesmo lote de cada flor (n = 3) e os resultados sdo expressos como a média desses ensaios +
desvio padrdo. As analises estatisticas foram realizadas para determinar diferencas
significativas (p <0,05) usando ANOVA, seguido do teste t de Tukey ou Student. Os
coeficientes de correlacdo linear de Pearson (r) entre fendlicos e atividade antioxidante foram
calculados em correlaces lineares bivariadas. A Analise de Componentes Principais (PCA) foi
realizada para integrar dados significativos da atividade antioxidante e da composicéo fendlica.
O Sigma Stat 3.5 (Jandel Scientific Software, San Jose, California) foi utilizado para as analises

estatisticas.
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4 RESULTADOS E DISCUSSAO

Os resultados obtidos com a realizacéo desta dissertacdo permitiram a elaboracgéo de do
artigo cientifico intitulado Antioxidant activity and bioaccessibility of phenolics compounds
in white, red, blue, purple, yellow and orange edible flowers through a simulated intestinal

barrier
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ARTICLE INFO ABSTRACT
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In vitro digestion

This study assessed the phenolics and their bioaccessibility through an in vitro digestion system coupled to a
simulated intestinal barrier in eight edible flowers of distinct colors, namely mini rose, torenia, mini daisy,
clitoria, cosmos, cravine, begonia and tagete. The antioxidant activity of the flowers before in vitro digestion, in
their derived dialyzed and non-dialyzed fractions was evaluated using distinct approaches. All flowers presented
in their composition phenolic acids, stilbenes, flavanol, anthocyanin, flavonol and flavanone, however distinct
compounds and contents were found in each flower. The bioaccessibility varied among the phenolics and within
the flower source (p < 0.05). Cosmos presented the highest (p < 0.05) content of phenolics and activity in
ORAC assay before in vitro digestion and in dialyzed and non-dialyzed fraction; the observed activity was cor-
related (r = 0.9) to its major compounds, hesperidin and rutin, as well as to caftaric acid and procyanidin B2.
Mini rose displayed the highest antioxidant activity in FRAP and DPPH assays before in vitro digestion; its
dialyzed and non-dialyzed fraction showed the highest activity in FRAP, correlated to pelargonidin 3,5-diglu-
coside, catechin, epicatechin galate, epicagocatechin galate, procyanidin A2, quercitin 3-glucoside and trans-
resveratrol (r = 0.9). In DPPH assay, mini rose showed the highest activity in the non-dialyzed fraction, while
cravine showed the highest activity in the dialyzed fraction, which was mainly correlated to syringic acid
(r = 1.0), pelargonidin 3,5-diglucoside and epicatechin (r = 0.9). Results show great variability in the phenolic
composition and their bioaccessibility among the edible flowers studied. Our findings indicate cosmos and mini
rose as sources of bioaccessible phenolics with great antioxidant activity.

1. Introduction Alonso, & Navarro-Gonzalez, 2018).

Among the edible flowers classically used in sophisticated dishes,

Edible flowers have been part of the human diet since ancient times
(Zheng, Meenu, & Xu, 2019). In recent years, the commercial value of
edible flowers has increased because of their exotic aroma and textures,
delicate flavor, attractive color and phytochemical composition, these
attributes contribute not only to their appearance but also to health
benefits (Takahashi, Rezende, Fidelis, Dominguete, & Sande, 2019).
Consumers are looking for new emotions and edible flowers meet these
requirements by providing freshness and glamor to the dishes
(Fernandes et al., 2019; Gonzélez-Barrio, Periago, Luna-Recio, Garcia-
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begonia (Begonia X tuberhybride Voss.) and tagete (Tagetes patula L.)
have been largely appreciated because of its striking citrus flavor
(Velasco, 2018). In another hand, mini rose (Rosa chinensis Jacq.) and
mini daisy (Bellis annua L.) have received attention because their mild
citrus and bitter taste, respectively, but primarily due to their delicate
appearance (Gongalves, Silva, & Carlos, 2019). Otherwise, clitoria
(Clitoria ternatea L.), cosmos (Cosmos sulphureus Cav.) and cravine
(Dianthus chinensis L.) have attract chefs of high gastronomy because
the vibrant color and spicy flavor (Al-snafi, 2016; Esher, Marques, &
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Fig. 1. Image of the eight flowers included in the study. A: Rosa chinensis Jacq. (mini rose); B: Torenia fournieri F. Lind. (torenia); C: Bellis annua L. (mini daisy); D:
Clitoria ternatea L. (clitoria); E: Cosmos sulphureus Cav. (cosmos); F: Dianthus chinensis L. (cravine); G: Begonia X tuberhybrida Voss. (begonia); H: Tagetes patula L.

(tagete).

Carmo, 2020; Goncalves, Moreira, Andrade, Valentdo, & Romano,
2019), while torenia [Torenia fournieri (F.) Lind.] is well-known by its
velvety texture (Gongalves et al., 2019). Primarily consumed in natura,
these flowers have been included as ingredients, or soft garnish in
soups, salads, meat dishes, dyes, beverages, sauces, cakes and desserts
(Chensom, Okumura, & Mishima, 2019; Pires et al., 2018).

Edible flowers are recognized as sources of various bioactive com-
pounds such as vitamins and carotenoids, but mainly phenolics
(Chensom et al., 2019; Peng, Lin, Zhao, & Sun, 2019). Phenolics are
aromatic compounds distributed according to their structure in phe-
nolic acids, stilbenes and flavonoids (flavanols, flavanones, flavonols,
and anthocyanins) (Zheng et al., 2019). Natural foods source of phe-
nolics is of interest primarily because of their antioxidant power, which
has a positive impact on several chronic conditions, such as obesity,
diabetes, cardiovascular and neurodegenerative diseases (Dantas,
Mafaldo, & de Oliveira, 2019; Zheng et al., 2019).

The absorption of phenolics of an edible matrix is affected by gas-
trointestinal digestion. Only part of the total phenolic content will be
available for exerting the antioxidant activity in the body. Thus, it is
important to consider the bioaccessibility of phenolics, since only those
able to cross the intestinal barrier are absorbable and considered
bioaccessible (Dutra, Dantas, & de Marques, 2017; Morais, 2019).
Otherwise, the non-nonabsorbable phenolic fraction remains available
in the colon along with other food components and is transformed by
the colonic microbiota into more active and better-absorbed metabo-
lites (Goncalves et al., 2019; Rocchetti et al., 2019). In vitro digestion
assays using the dialysis membrane to simulate the intestinal barrier are
approaches that provide more reliable data about the beneficial effects
of phenolics. These effects are directly related to the ability of phenolics
to cross the intestinal barrier after release from the vegetal matrix
(Dantas et al., 2019; Peng et al., 2019). Little is known about the
bioaccessibility and antioxidant activity of phenolics in edible flowers
using in vitro digestion coupled to a simulated intestinal barrier.
Overall, the antioxidant activity of edible flowers has been primarily
assessed by methods that do not simulate the physiological conditions
(Morais, 2019).

Considering these aspects, the present study was performed to i)
determine the phenolic composition of eight species of edible flowers
largely used in foods and drinks; ii) assess the bioaccessibility of phe-
nolic compounds through an in vitro digestion model coupled to a si-
mulated intestinal barrier; and iii) determine the antioxidant activity of
flowers before digestion, and in their dialyzed and non-dialyzed derived
fractions using three distinct methods, including oxygen radical ab-
sorbing capacity under physiological conditions.

2. Materials and methods
2.1. Standards and reagents

Methanol and hydrochloric acid (HCl; 37% w/w) were purchased
from JT Baker (Phillipsburg, USA). The chemicals 2,2-diphenyl-2-pi-
crylhydrazyl hydrate (DPPH) and hydroxy-2,5,7,8-tetra-
methylchromane-2-carboxyl acid (Trolox) were obtained from Sigma-
Aldrich Chemical, S. A. (Hamburg, Germany), and 2,4,6-tris(2-pyridyl)-
s-triazine (TPTZ) was obtained from Sigma-Aldrich Chemical, S. A.
(Milan, Italy). Pepsin, a-amylase, pancreatin, glycodeoxycholate, taur-
odeoxycholate, and taurocholate were obtained from Sigma-Aldrich (St.
Louis, Missouri, USA). Hydrochloric acid (HCl) (37% m/m) and me-
thanol were purchased from Neon (Sao Paulo, Brazil).

Standards of phenolic compounds (gallic acid, caftaric acid, p-cou-
maric acid, chlorogenic acid, caffeic acid, syringic acid, malvidin-3,5-
diglucoside, malvidin-3-glucoside delphinidin-3-glucoside, pelargo-
nidin-3,5-diglucoside, pelargonidin-3-glucoside, cyanidin-3,5-digluco-
side, cyanidin-3-glucoside, petunidin-3-glucoside, peonidin-3-gluco-
side, catechin, epicatechin, epicatechin gallate, epigallocatechin
gallate, procyanidin B1, procyanidin B2, procyanidin A2, naringenin,
hesperidin, quercitin-3-glucoside, kaempferol-3-glucoside, myricetin,
rutin, cis-resveratrol and trans-resveratrol) for high-performance liquid
chromatography (HPLC) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). All reagents were of analytical, chromatographic or spec-
troscopic grade. Water was treated in a Milli-Q water 76 purification
system (TGI Pure Water Systems, Greenville, SC, USA).

2.2. Flower species

Samples of fresh flowers of mini rose (Rosa chinensis Jacq.), torenia
[Torenia fournieri (F.) Lind.], mini daisy (Bellis annua L.), clitoria
(Clitoria ternatea L.), cosmos (Cosmos sulphureus Cav.), cravine (Dianthus
chinensis L.), begonia (Begonia X tuberhybrida Voss.) and tagete (Tagetes
patula L.) were collected at full flowering stage (Fig. 1). The flowers
were acquired from a commercial company located in the city of Joao
Pessoa - PB (Brazil) that cultivates and sells edible flowers from organic
production. Between December 2018 and May 2019 (depending on the
availability of each species), one lot of 250 g of each flower was har-
vested in the morning and immediately transported to the laboratory in
thermal boxes (4 °C). The whole flower was considered because all parts
of the species included in the study are consumed. The 250 g of each
species were divided into three independent samples, and the analyses
performed as described in the following sections. Vouchers specimens
were deposited in the herbarium Lauro Pires Xavier Herbarium at the
Federal University of Paraiba. This study has access permission to the
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plant genetic heritage, and it is registered in the SisGen Platform
(Register AAF523E), following the Brazilian Biodiversity Law (13.123/
2015).

2.3. Bioaccessibility of edible flowers

The simulated gastrointestinal digestion system included three se-
quential phases (oral, gastric and small intestine) coupled to dialysis
using a membrane (molecular weight cutoff of 12,000 Da) following the
procedures described by Oliveira et al. (2020). To obtain the samples
for in vitro digestion assay, 2.0 g of the fresh flower were macerated and
homogenized using vortex to a final volume of 25 mL of distilled water.
The oral phase was simulated by adding 5 mL of the saliva solution
(2.38 g of Na,HPO4, 0.19 g of KH,PO,, 8 g of NaCl and 200 U/L a-
amylase), and the mixture was maintained at 37 + 2 °C under rotation
90 rpm for 10 min. Afterward, 1 mL of the pepsin solution (0.108 g of
the pepsin diluted in 10 mL of the 0.1 M HCI) was added to simulate the
gastric conditions (pH adjusted to 2.0 with 6 M HCI). The mixture was
newly incubated at 37 *= 2 °C at 90 rpm for 2 h. The intestinal phase
was simulated with 2.5 mL of pancreatin solution (0.08 g of pancreatin
in 10 mL of 0.5 M NaHCO3) and 2.5 mL of bile salts solution (0.5 g of
bile salts in 10 mL) with pH adjusted to 7 using 6 M NaOH. Samples
were re-incubated at 37 = 2 °C for 2 h at the same rotation described
above. The simulated small bowel digestion was performed using a
cellulose dialysis membrane filled with a 0.5 M NaHCO; solution im-
mersed in the digested samples. The system was incubated at
37 = 2°C for 8 h at 90 rpm. The fraction able to cross the dialysis
membrane (dialyzed fraction; inside the membrane) contained the
bioaccessible phenolics and therefore supposedly available for absorp-
tion. The phenolics considered as unabsorbed were in the non-dialyzed
fraction (outside the membrane). The results, expressed as percentages,
were determined as follows:

Bioaccessibility (%) = (dialyzed fraction/non — digested fraction) x 100
(€]

2.4. Extraction of phenolic compounds from edible flowers and their
digestive fractions

To extract the phenolics of each flower, 2.0 g of fresh flower was
macerated and homogenized (1:10) with of methanol acid solution
(80% methanol, 19% H,O and 1% hydrochloric acid, v/v/v) using
vortex by 2 min, ultrasonicated at 40 kHz for 30 min at 25 °C (bath
USC1800, UNIQUE, Brazil). The mixture was centrifuged at 6000g for
15 min and the supernatant was removed. The procedure was repeated
twice, and the supernatants were mixed in a single sample (final volume
20 mL). The extracts of the dialyzed fraction and non-dialyzed fraction
were obtained following the same procedures described above. The
phenolic extract solvent was concentrated using a rotary evaporator at
35 = 2 °C (Fisatom 802, Sao Paulo, Brazil). One mL aliquot of the
extract was filtered through a 0.45 pm syringe filter (PTFE) and used for
quantification of phenolic compounds using high-performance liquid
chromatography (HPLC). The same extract was used in assays of anti-
oxidant activity (Dantas et al., 2019).

2.5. Antioxidant activity in edible flowers and their simulated digestive
fractions

The ability of phenolic to remove 2,2-diphenyl-2-picrilhydrazide
hydrate free radicals (DPPH") was analyzed according to the procedures
described by Rufino, Fernandes, Alves, and Brito (2009), with minor
modifications. Using extracts from each flower and their corresponding
dialyzed and non-dialyzed fractions, 0.1 mL aliquot of each sample was
added to the 96-well microplate wells and diluted with 2.9 mL of the
DPPH ° solution (prepared by diluting DPPH" 0.06 M in methanol; the
absorbance at 515 nm ~ 0.980 *+ 0.02). The microplate was incubated
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at room temperature for 30 min in the dark and the absorbance was
then measured at 515 nm. The standard curve was determined using
Trolox and results expressed in M Trolox per 100 g sample (UM TEAC
/100 g).

The ferric reducing antioxidant power (FRAP) was measured ac-
cording to Rufino, Alves, Brito, Morais, Sampaio, Pérez-Jiménez, and
Saura-Calixto (2006), with minor modifications. Using the extract of
the flower or their corresponding dialyzed and non-dialyzed fractions, a
90 pL aliquot was added to 270 uL of distilled water and 2.7 mL of
FRAP reagent [prepared with 0.3 M acetate buffer (pH 3.6) and
10 pumol/L 2,4,6-tris-(2 pyridyl)-s-triazine (TPTZ) in 40 pumol/L HCl
solution with 20 uM FeCl3]. The mixture was stirred and incubated in a
water bath for 30 min at 37 + 1° C and the absorbance at 595 nm was
measured. The standard curve was constructed with Trolox and the
results expressed pM TEAC/100 g.

Oxygen radical absorption capacity (ORAC) was determined fol-
lowing the procedures described by Zulueta, Esteve, and Frigola (2009),
with modifications. Using the extract of the flower or its corresponding
dialyzed and non-dialyzed fractions, a 20 pL aliquot was added to a
black microplate and loaded with 120 pL fluorescein solution to initiate
the reaction (0.4 mg/mL). The reaction was started by adding 60 uL
2,20-azobis 2 methylpropionamidine (AAPH) to each well after in-
cubation for 10 min at 37 =+ 1 °C. Readings were recorded for 80 min,
at 1 min interval, with emission at 520 nm, excitation at 485 nm and
temperature-controlled at 37 °C. The calibration curve was determined
with standard Trolox (25 and 700 mg/mL) and a white sample (without
extract). Results were expressed in uM TEAC/100 g sample.

All readings in DPPH, FRAP or ORAC assays were performed using a
microplate reader (Fluorstar Omega, BMG LABTEC, Germany).

2.6. Determination of phenolic composition in edible flowers and their
digestive fractions

Phenolic compounds were identified and quantified using a high-
performance liquid chromatography system (Agilent 1260 Infinity LC,
Santa Clara, CA, USA), coupled to a diode arrangement detector (DAD)
(model G1315D). A Zorbax C18 (12.6 X 4.6 mm, 5 pm) (Zorbax, USA)
pre-column and a Zorbax Eclipse Plus RP-C18 (100 X 4.6 mm, 3.5 um)
column were used for chromatographic separation of phenolics. The
injected sample volume was 20 pL and the temperature of the column
was adjusted to 35 °C. The mobile phase was 0.1 M phosphoric acid
acidified water solution (pH 2.0, phase A) and 0.5% phosphoric acid
acidified methanol (phase B) using a flow rate of 0.8 mL/min.

Calibration was performed by injecting the standards three times at
seven different concentrations (0.01, 0.03, 0.05, 0.1, 0.25, 0.5 and
1.0 mg/mL). Individual phenolic compounds were identified by com-
paring chromatographic retention time (co-injection) with authentic
Sigma Aldrich standards. Quantitation was based on their detected peak
areas calculated using acquisition software LabSolutions version 5.42
SP4 Copyright (Shimadzu Corporation) compared to predetermined
calibration curves. All analyzed compounds presented calibration
curves with R2 > 0.998. The peak spectral purity was verified using
the tool Threshold (Supplementary Material) to ensure the accuracy of
the identification of each compound in comparison with the external
standard (Padilha et al., 2017).

The detection of compounds was performed at 220 nm for catechin
(LOD 0.06 and LOQ 0.08 mg/L), epicatechin (LOD 0.06 and LOQ
0.07 mg/L), epicatechin gallate (LOD 0.06 and LOQ 0.07 mg/L), epi-
gallocatechin gallate (LOD 0.04 and LOQ 0.05 mg/L), procyanidin Bl
(LOD 0.01 and LOQ 0.012 mg/L), procyanidin B2 (LOD 0.04 and LOQ
0.06 mg/L) and procyanidin A2 (LOD 0.06 and LOQ 0.07 mg/L);
280 nm for gallic acid (LOD 0.12 and LOQ 0.14 mg/L), syringic acid
(LOD 0.08 and LOQ 0.12 mg/L), cis-resveratrol (LOD 0.08 and LOQ
0.10 mg/L), hesperidin (LOD 0.12 and LOQ 0.17 mg/L) and naringenin
(LOD 0.16 and LOQ 0.22 mg/L); 320 nm for caftaric acid (LOD 0.09 and
LOQ 0.01 mg/L), p-coumaric acid (LOD 0.10 and LOQ 0.12 mg/L),
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chlorogenic acid (LOD 0.11 and LOQ 0.15 mg/L), caffeic acid (LOD
0.01 and LOQ 0.012 mg/L) and trans-resveratrol (LOD 0.04 and LOQ
0.06 mg/L); 360 nm for kaempferol (LOD 0.10 and LOQ 0.12 mg/L) ,
quercetin (LOD 0.11 and LOQ 0.14 mg/L) , rutin (LOD 0.08 and LOQ
0.10 mg/L) and myricetin (LOD 0.05 and LOQ = 0.07 mg/L); and
520 nm for malvidin 3-glucoside (LOD 0.85 and LOQ 1.41 mg/L) ,
malvidin 3,5-diglucoside (LOD 0.24 and LOQ 0.28 mg/L) , cyanidin 3-
glucoside (LOD 0.11 and LOQ 0.15 mg/L), cyanidin 3,5-diglucoside
(LOD 0.07 and LOQ 0.08 mg/L), pelargonidin 3-glucoside (LOD 0.06
and LOQ 0.08 mg/L) , pelargonidin 3,5-diglucoside (LOD 0.05 and LOQ
0.0.05 mg/L), delphinidin 3-glucoside (LOD 0.17 and LOQ 0.22 mg/L)
and petunidin 3-glucoside (LOD 0.10 and LOQ 0.12 mg/L)
(Supplementary Figs. 1 and 2).

2.7. Statistical analysis

All assays were performed in triplicate for each replicate obtained
from the same lot of each flower (n = 3) and the results are expressed
as the average of these assays *+ standard deviation. Statistical ana-
lyses were performed to determine significant differences (p < 0.05)
using ANOVA followed by Tukey’s or Student’s t-test. Pearson's linear
correlation coefficients (r) between phenolics and antioxidant activity
were calculated in bivariate linear correlations. Principal Component
Analysis (PCA) was performed to integrate significant data of the an-
tioxidant activity and phenolic composition. Sigma Stat 3.5 (Jandel
Scientific Software, San Jose, California) was used for the statistical
analyses.

3. Results and discussion
3.1. Phenolic composition of edible flowers

Six distinct groups of phenolics namely phenolic acids, stilbenes,
anthocyanins, flavanols, flavanones, and flavonols, were identified in
all flowers included in the study (Table 1). However, the corresponding
amounts of each phenolic class largely varied (p < 0.05) among the
flowers (Table 1). In terms of phenolics diversity, the largest variety of
compounds was verified in mini rose and the smallest variety of com-
pounds was verified in begonia (Table 1). Previous studies have re-
ported a great diversity of phenolics in flowers of Rosa species, in-
cluding R. chinensis (Cai, Xing, Sun, Zhan, & Corke, 2005; Li et al.,
2014). To the best of our knowledge, no prior studies have analyzed the
phenolic composition of begonia flowers. However, flavonoids have
been suggested as the major phytochemicals in stalks and leaves of B.
nelumbiifolia (Villa-Ruano, Pacheco-Hernandez, Cruz-Duran, Lozoya-
Gloria, & Betancourt-Jiménez, 2017). Anthocyanins showed low di-
versity in each flower and were detected mainly in cravine and mini
rose (Table 1). These flowers together with begonia, red to red wine-
colored flowers (Fig. 1) showed anthocyanins as major compounds,
primarily malvidin and pelargonidin (Table 1). In cravine, a red wine-
colored flower (Fig. 1), malvidin 3-glucoside was the most abundant
compound (p < 0.05). In begonia (light red flower; Fig. 1) and torenia
(purple flower; Fig. 1), the malvidin 3,5-diglucoside and delphinidin 3-
glucoside was the unique anthocyanin detected (Table 1). Otherwise, in
mini rose, also a red flower (Fig. 1) only pelargornidin 3,5-diglucoside
was detected. The anthocyanins were also detected in cosmos (yellow
flower), tagete (orange flower) and mini daisy (white flower) (Fig. 1),
but in smaller content compared to other flowers (Table 1).

Anthocyanins are natural water-soluble phenolic pigments that
confer red-orange to blue-purple color to fruits, flowers, and leaves
(Chrysargyris, Tzionis, Xylia, Nicola, & Tzortzakis, 2019; Gonzalez-
Barrio et al., 2018). The most common anthocyanin compounds in
plants are the pelargonidin, cyanidin, delphinidin and, malvidin
(Chrysargyris et al., 2019; Lopez Prado et al., 2019). Distinct antho-
cyanins, in a range of concentrations, have been described in clitoria
petals (Esher et al., 2020) and whole flower (Chong & Gwee, 2015),
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cosmos (Iwashina et al., 2019) and tagete (Costa, Ribeiro & Barbosa,
2014). The levels of anthocyanins in fruits (Dantas et al., 2019) and
flowers (Zheng et al., 2019) has been correlated with their red to purple
color intensity. The highest contents of anthocyanins were detected in
red, red wine and purple flowers (cravine, mini rose, and begonia, re-
spectively), in agreement with the consensus that low contents of an-
thocyanins are present in less red brightly colored flowers (Benvenuti,
Bortolotti, & Maggini, 2016; Gonzélez-Barrio et al., 2018).

Flavanols, flavanones, and flavonols comprise other phenolic groups
commonly found in edible flowers (Gongalves et al., 2019; Zheng et al.,
2019) that contribute towards their antioxidant ability and health
benefits (Huang et al., 2017). Tagete, clitoria, cosmos, and mini daisy,
the orange, blue, yellow and white flowers, respectively (Fig. 1),
showed greater (p < 0.05) concentration of flavanones compared to
other phenolic groups (Table 1). All species of edible flowers differed
(p < 0.05) from each other regarding the flavanones content. The
highest (p < 0.05) content of the flavanone naringenin was detected in
clitoria (Table 1). On the other hand, the highest content (p < 0.05) of
the flavanone hesperidin was found in cosmos and this compound was
detected in all flowers, with exception of begonia (Table 1). Flavanones
were also found in cravine, begonia, mini rose, and torenia but gen-
erally in lower content (p < 0.05) compared to other flowers
(Table 1).

The contents of the flavonol myricetin differed in each flower
(p < 0.05) analyzed. The highest content (p < 0.05) of this com-
pound was found in torenia (purple), followed by clitoria, a blue flower
(Table 1). In the cosmos, a yellow flower (Fig. 1), the flavonol rutin was
the major compound (p < 0.05). Flavonols were also found in be-
gonia, mini rose, mini daisy and cravine, but in contents similar to
phenolics of other phenolic groups (Table 1).

The contents of flavanols, flavanones and flavonols are reported in a
large range for edible flowers in previous studies (Esher et al., 2020;
Fernandes et al., 2019; Zheng et al., 2019). Hesperidin, which was
abundant in the cosmos in the present study, was not detected in cul-
tivars cosmos commonly cultivated in Tokyo, Japan (Iwashina et al.,
2019). Otherwise, Zheng et al. (2019) reported in mini rose amounts of
hesperidin (~35 pg/g) close to those determined here. In the same
study, authors described this flavanone and the flavonol quercitrin as
prevalent flavonoids in 17 flowers cultivated in China.

Kaempferol is another flavonol frequently reported in edible
flowers. In the present study, kaempferol was detected in all flowers
(range 4.2 to 187.12 ng/g), except for cravine (Table 1). In their study,
Xiong et al. (2014) reported kaempferol (0.19 to 2.78 mg/g) in la-
vander (Lavandula pedunculata), peach (Prunus persica) and peony
(Paeonia sulfruticosa). Kaempferol, quercetin, and myricetin glycosides
were also previously reported as major compounds in clitoria (Zakaria,
Okello, Howes, Birch-Machin, & Bowman, 2018). Otherwise, quercetin
and kaempferol mono- and diglycosides were described among the
major compounds detected in mini rose flowers by Cai et al. (2005).
Other flavonols, primarily quercetin and glycosides were already found
in snapdragon (Antirrhinum majus) flowers (15 pug/g) and pansy flowers
(49 pg/g) (Gonzalez-Barrio et al., 2018).

Different flavanols were identified in the studied flowers (Table 1).
Flavanols catechin, epicatechin gallate, epigalocatechin gallate and
procyanidin A2 were more abundant (p < 0.05) in mini rose in
comparison to the other flowers analyzed. These results agree with
findings reported in a previous study of wildflowers from China, which
included Rosa rugosa flowers (Li et al., 2014). Catechin was detected in
all flowers (Table 1). The content of this favanol was up to four-fold
higher (p < 0.05) in mini rose (178 pg/g) than other flowers, in which
it was detected in a range 18.63 to 44.60 pg/g (Table 1). The mini rose
showed also the highest concentration of epigallocatechin gallate
(Table 1), which was not detected in cravine and clitoria (Table 1). The
greater contents (p < 0.05) of the flavanol procyanidin B2 were found
in cosmos and torenia (Table 1). Epicatechin was found only in mini
rose and tagete, while procyanidin B1 was not detected in cosmos
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J.S. de Morais, et al.

Table 2

Food Research International 131 (2020) 109046

Phenolic compounds detected following the exposure to in vitro digestion coupled to a simulated intestinal barrier and their corresponding bioaccessibility in eight

species of edible flowers of distinct color used in foods and drinks.

Edible flower Phenolic class

Compound

Gastric

Dialyzed fraction (in)

Non dialyzed fraction (out)

Bioaccessibility (%)

Begonia Phenolic acids
Stilbenes

Anthocyanin
Flavanols

Flavonols

Torenia Phenolic acids

Stilbenes

Anthocyanin
Flavanols

Flavanone
Flavonols

Mini rose Phenolic acids

Stilbene
Anthocyanin
Flavanols

Flavanones

Flavonols

Clitoria Phenolic acids
Stilbenes

Anthocyanins

Flavanols

Flavanones

Flavonols

Mini daisy Phenolic acids

Stilbene
Flavanols

Flavanones

Flavonols

Caftaric acid

Gallic acid
cis-resveratrol
trans-resveratrol
Malvidin 3,5-diglucoside
Catechin

Procyanidin B2
Quercitin 3-Glucoside
Kaempferol 3-glucoside
Myricetin

Caftaric acid

Gallic acid

Chlorogenic acid
cis-resveratrol
trans-resveratrol
Delphinidin 3-glucoside
Catechin

Epicatechin
Epicatechin gallate
Procyanidin B1
Procyanidin B2
Hesperidin

Rutin

Kaempferol 3-glucoside
Myricetin

Caftaric acid

Gallic acid

Chlorogenic acid
Syringic acid
cis-resveratrol
Pelargonidin 3,5-diglucoside
Catechin

Procyanidin B1
Procyanidin B2
Hesperidin

Naringenin

Quercitin 3-Glucoside
Rutin

Kaempferol 3-glucoside

Caftaric acid

Gallic acid
cis-resveratrol
trans-resveratrol
Malvidin 3,5-diglucoside
Cyanidin 3,5-diglucoside
Catechin

Procyanidin B1
Procyanidin B2
Hesperidin

Naringenin

Quercitin 3-Glucoside
Rutin

Kaempferol 3-glucoside
Myricetin

Caftaric acid
Chlorogenic acid
trans-resveratrol
Catechin
Epigallocatechin gallate
Procyanidin Bl
Procyanidin B2
Hesperidin

Naringenin

Quercitin 3-Glucoside
Rutin

Kaempferol 3-glucoside
Myricetin

20.60 = 0.04°
< LOD

17.60 + 0.05"°
3.80 + 0.02%
265.80 * 0.02*
20.70 + 0.06°F
12.40 + 0.04*¢
8.50 + 0.05%°
19.40 + 0.02%®
97.20 = 0.06°°

=+
=+

I+ I+

23.80 *= 0.06*¢
< LOD
14.90 + 0.02*¢
6.70 * 0.05""
9.40 * 0.04"°
420 + 0.05*
21.10 + 0.02°F
1.60 = 0.04*
18.30 + 0.05*
3.50 + 0.01*¢
+

I+

I+ 1+ I+

5.40 + 0.05%
30.10 = 0.06"¢
27.10 = 0.02°¢
12.20 * 0.01°"
432.70 + 0.06™
8.60 + 0.047
1.60 = 0.01*
12.90 + 0.02°°
40.10 = 0.06™
16.40 * 0.04"

612.00 = 0.03°
48.00 = 0.04*C

< LOD

8.10 = 0.05°°F
< LOD

27.40 = 0.01%°
16.10 = 0.022*¢
7.50 + 0.04°°

34.70 + 0.02%

37.70 = 0.06°°
1.50 + 0.05"*
73.10 + 0.05*
32.70 = 0.02**
15.60 * 0.04"8
3.70 + 0.03
34.80 + 0.01°F
5.10 + 0.02%®
8.70 + 0.03%°
167.80 + 0.02%®
6.30 * 0.03"°
90.30 *+ 0.04*
2.40 + 0.05%
12.4 = 0.02%°
400.80 * 0.04%°

I+ 1+ 1+

7.10 + 0.04¢
10.90 + 0.01°F
9.80 + 0.02%°
68.70 + 0.02°*

N
©
N
(=}

H+ 1+ I+
=]
(=1
N
D
o

22.30
5.90 + 0.05%
11.50 * 0.03*F
19.70 + 0.01°F

+
*

1.10 = 0.01°
< LOD

1.00 = 0.04®
< LOD

< LOD

14.60 = 0.02"F
1.90 + 0.01*®
0.80 + 0.02%*
1.30 + 0.04"8
1.60 = 0.03*

H 1+

1.60 + 0.01°°
2.20 + 0.05"
+ 0.02"*

< LOD

14.70 + 0.03"F
< LOD

1.30
1.10
2.00
< LOD

0.80 + 0.05%®
0.40 * 0.02°¢
19.70 + 0.01®

0.02¢4
0.05%
0.02"8

I+ I+ 1+

< LOD

1.20 + 0.02°¢
0.40 + 0.01"

8.60 = 0.03°

0.02°¢
0.01%

0.02"¢
0.04%¢
0.01°®
0.03°*
0.028
0.03<¢

N

w

(=]
I+

0.02"8
0.01%8
0.01°#
0.02¢4

5.20
1.00
3.50
1.90 *
< LOD

< LOD

30.30 + 0.03"*
0.90 + 0.02%
2.80 + 0.03**
410 + 0.02°®
1.20 = 0.01®
< LOD

0.40
0.50
6.30

o

I+ I+ i+ I+

0.03%®
0.01%¢
0.02%¢

I+ 1+ 1+

0.03%¢
3.60 * 0.02°
0.70 + 0.03®
18.90 * 0.03°
< LOD

0.70
2.80
2.30
2.30
< LOD
1.10
0.90
0.80

2.20

I+ I+ 1+

0.02%4
0.01¢*
0.02¢¢
0.03°*

o+ i+ I+

0.04°®
0.02°B¢
0.01F

I+ I+ 1+

7.10 = 0.04°°
19.10 = 0.02*
9.90 + 0.05°¢
< LOD

< LOD

112.70 + 0.03*°
13.10 * 0.02%®
5.50 + 0.01°¢
0.03**
0.01°P

*
=+

4.60 = 0.04°FF
< LOD
16.90
15.80
15.40
< LOD
48.30 + 0.03
< LOD

0.02%4
0.01°®
0.04%®

I+ I+ 1+

5.00 = 0.05"
2.20 + 0.03*¢
4.90 + 0.02%F
32,50 = 0.01%°
31.10 + 0.02*®
3.80 + 0.04"
300.20 * 0.03
< LOD

< LOD

5.80 = 0.03"8
< LOD

< LOD

32.90 = 0.04°
67.30 + 0.02°C
< LOD

5.20 * 0.01%*F
48.50 + 0.04*¢
12.00 = 0.02¢
11.60 = 0.03"*
23.00 + 0.02*¢
8.90 + 0.01°¢
10.90 + 0.01*¢
8.40 + 0.02°¢
50.20 * 0.03"*

+
27.80 + 0.04"
+ 0.02°
< LOD
157.00 + 0.04**
3.50 + 0.02%°
12.80 *= 0.01%°
131.50 + 0.02"®
18.00 = 0.03°

+ 0.04"
9.70 + 0.02%®
+ 0.01

4.80 + 0.02°F

5.00 = 0.04°°
122.40 * 0.04%®
< LOD

3.00 + 0.03*®
16.80 = 0.04"*
24.50 + 0.01°"
36.60 + 0.03
6.20 * 0.02"8
8.30 + 0.03"
7.30 * 0.01%°
9.70 * 0.02°¢

I+ I+ 1+

I+ 1+ 1+ 1+

110.00 * 0.01*
ND

13.92 * 5.02*
ND

ND

77.75 + 1.28°
20.57 + 0.86"
3.68 + 1.01%
1.95 + 0.62°
0.85 * 0.13¢
3.97 + 0.27%
220.00 = 0.05"
5.53 * 0.36"
ND

ND

ND

176.67 + 1.76*
ND

130.00 + 0.02%
38.03 + 16.44"®

2.13 + 0.21%F
ND

0.31 + 0.18°
1.04 + 0.44°
0.89 + 0.00°
ND

ND

3.80 + 0.58°
6.61 + 0.50°
ND

0.53 * 0.02

541 + 0.11°
11.71 = 0.52¢
2.01 + 0.35%F
5.98 + 0.96°
1.57 + 0.13*
1.67 + 0.34°
1.42 + 0.22€
0.35 + 0.15%

19.55 = 0.60°
100.00 + 0.01®

2.26 + 0.08®
3.29 + 0.35°
ND

ND

119.75 + 0.88°
17.16 =+ 3.23%¢
57.06 + 2.49*
1.22 + 0.06°
0.35 + 0.02%
ND

11.51 = 7.72°B
1.89 + 0.25°
0.92 + 0.04°
7.12 + 0.93°
360.00 = 0.02*
0.65 + 0.24°
62.86 + 0.40°
ND

28.59 + 3.69°C
414 + 0.16"°
6.97 + 0.48°
1.45 + 0.22*
ND

3.08 + 1.00%¢
1.81 + 0.41°
0.52 + 0.10°

(continued on next page)
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Table 2 (continued)
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Edible flower Phenolic class Compound Gastric Dialyzed fraction (in) Non dialyzed fraction (out) Bioaccessibility (%)
Tagete Phenolic acids Caftaric acid 11.50 + 0.03% < LOD 410 = 0.02°F ND
Chlorogenic acid 4.60 + 0.05" < LOD < LOD ND
Stilbene cis-resveratrol 1.90 + 0.02¢ < LOD < LOD ND
Flavanols Catechin 34.00 = 0.04°F 21.40 + 0.02°¢ 97.70 + 0.03*F 49.58 + 0.29"
Epicatechin gallate 430 + 0.03° < LOD < LOD ND
Epigallocatechin gallate 4.00 + 0.05® < LOD < LOD ND
Procyanidin B1 5.00 * 0.01%® < LOD 2.20 * 0.04°¢ ND
Procyanidin B2 4.40 + 0.02°F 2.40 + 0.01%" 9.60 + 0.02°° 43.23 + 1.41°
Flavanones Hesperidin 7.80 + 0.04" < LOD < LOD ND
Naringenin 7.50 + 0.03€ < LOD < LOD ND
Flavonols Quercitin 3-Glucoside 4,60 + 0.05% 1.20 + 0.03* 3.30 = 0.01°° ND
Rutin 4.30 + 0.02*F 0.70 + 0.04*® 3.70 = 0.02%F 0.64 * 0.34°
Kaempferol 3-glucoside 15.90 + 0.04°¢ 0.50 + 0.02°¢ 3.40 + 0.03" 11.90 + 2.24*
Myricetin 410 = 0.03° < LOD < LOD ND
Cosmos Phenolic acids Caftaric acid 45.60 + 0.01°* 4.80 + 0.01°® 40.30 + 0.02"* 5.92 + 0.10°
Gallic acid < LOD 0.90 * 0.01°® 10.30 *= 0.02%° 90.00 + 0.01€
Chlorogenic acid 52.90 + 0.02% < LOD < LOD ND
Syringic acid 2.30 + 0.03%® 0.30 * 0.02° 1.90 + 0.04° 30.00 + 0.02*
Stilbenes cis-resveratrol 48.00 * 0.02% < LOD < LOD ND
trans-resveratrol 27.50 += 0.01® < LOD < LOD ND
Anthocyanin Delphinidin 3-glucoside 1.30 + 0.01% < LOD < LOD ND
Flavanols Catechin 57.30 + 0.02°% 10.80 = 0.02F 85.10 + 0.04" 172.5 = 0.02°
Epicatechin 1.70 + 0.04* 0.20 = 0.01° 0.90 + 0.03" 20.00 + 0.01
Epicatechin gallate 8.80 + 0.05® < LOD < LOD ND
Procyanidin B1 3.00 + 0.04°P < LOD 2.20 + 0.01°¢ ND
Procyanidin B2 7.10 + 0.03%F 1.00 * 0.02°¢ 8.50 + 0.05%F 0.75 + 0.13%
Procyanidin A2 43.00 = 0.01* < LOD < LOD ND
Flavanones Hesperidin 43.10 = 0.03° < LOD < LOD ND
Naringenin 7.10 + 0.02¢ < LOD < LOD ND
Flavonols Quercitin 3-Glucoside < LOD 0.70 + 0.03"* 11.50 *= 0.02** 70.00 + 0.03*
Rutin 61.40 = 0.05° < LOD < LOD ND
Kaempferol 3-glucoside 490 * 0.02"F 1.50 = 0.01¢* 9.10 + 0.03%5¢ 1.48 + 0.11°
Myricetin 50.20 + 0.04°F 2.30 + 0.02°®° 57.30 + 0.01*¢ 2.30 + 0.16®
Cravine Phenolic acids Caftaric acid 44.60 + 0.03* 8.30 + 0.03% 35.60 + 0.01"® 15.01 + 0.53%
Gallic acid < LOD 1.00 * 0.04® 7.90 + 0.02°¢ 100.00 + 0.04®
Chlorogenic acid 65.00 = 0.04* 2.20 + 0.02"® 5.90 * 0.04® 4.71 + 0.46"°
Caffeic acid 4.20 = 0.05 < LOD < LOD ND
Stilbenes cis-resveratrol 4230 = 0.04*¢ < LOD 4.90 * 0.03° ND
trans-resveratrol 17.70 + 0.03°¢ 2.40 + 0.03" 13.50 * 0.01%¢ 9.30 + 0.84"
Anthocyanin Malvidin 3-glucoside 2,303.10 + 0.01% 8.20 + 0.01° 11.40 + 0.02° 0.36 * 0.00
Flavanols Catechin 44.80 + 0.02°° 28.60 + 0.04® 117.90 + 0.03*¢ 64.14 + 0.54%
Epicatechin gallate < LOD 1.60 + 0.02°4 5.50 + 0.02%* 160.00 + 0.02*
Epigallocatechin gallate 5.60 + 0.05** 1.20 + 0.05° 3.10 + 0.03° 120.00 + 0.02
Procyanidin B1 6.10 + 0.02** 1.30 + 0.02** 490 + 0.01** 58.67 + 5.59*
Procyanidin B2 22.20 = 0.03** 2.80 * 0.03" 10.60 + 0.022°¢ 24.35 + 0.99¢
Procyanidin A2 16.30 * 0.06° < LOD < LOD ND
Flavanone Hesperidin 599.40 + 0.03** 63.40 + 0.01°* 338.20 + 0.03" 11.23 = 0.02*
Flavonols Quercitin 3-Glucoside < LOD < LOD 5.10 + 0.01¢ ND
Rutin 401.30 + 0.01** 50.60 + 0.03%* 270.20 = 0.04"* 14.46 + 0.08"
Myricetin 342.80 + 0.03%¢ 37.10 + 0.01* 249.40 = 0.02"® 16.83 = 0.02%

Values are expressed as the mean *+ standard deviation in pg/g (dry basis). < LOD: below detection limit. ND: not detected; Different superscript capital letters in
the same column for the same compound denote difference (p < 0.05) among the samples, based on Tukey test. Different superscript lowercase letters in the same
row denote difference (p < 0.05) among the digestive phases for the same sample, based on Tukey's test.

(Table 1). Moreover, the procyanidin A2 flavanol was present in greater
amounts in the mini rose than in cosmos, cravine, clitoria and mini
daisy (Table 1).

Cosmos and clitoria showed the higher contents of the stilbenes
(p < 0.05) among the flowers (Table 1). Cis and trans-resveratrol in
the present study were detected in all flowers; except for tagete that
presented only trans-resveratrol (Table 1). There are more than 400
natural stilbenes in nature, however present in a limited and hetero-
geneous group of plant families since the key enzyme involved in their
biosynthesis, is not ubiquitously expressed (Sirerol, Rodriguez, Mena,
Asensi, Estrela, & Ortega, 2016). A previous study reported in fruits
(blackberry, blueberry, raspberry, caji and soursop) the same stilbenes
forms found here (cis- and trans-resveratrol), however in lower contents
(0.59 to 1.90 mg/100 g) than those detected here in edible flowers
(Dantas et al., 2019). Similarly, resveratrol was already reported in
pomegranate flower in lower (6.3 and 8.0 mg/Kg) content than in

edible flowers study here (Fellah, Bannour, Rocchetti, Lucini, &
Ferchichi, 2018).

The contents of phenolic acids varied among the flowers (Table 1).
Caftaric acid was detected in all flowers except for begonia, while p-
coumaric acid was found only in this flower (Table 1). Caftaric acid was
the unique phenolic acid detected in clitoria. The highest contents of
this phenolic acid (p < 0.05) were detected in cosmos, while the
highest content (p < 0.05) of chlorogenic and caffeic acid was found
in torenia (Table 1).

Kaisson, Siriamornpun, Weerapreeyakul, and Meeso (2011) identi-
fied ten phenolic acids in edible flower edible flowers belonging to the
same or distinct genera than flowers studied here. In the study, the
highest concentrations of total phenolic acids in Cassia siamea (739 pg/
g), Cosmos sulphureus (615 pg/g) and Tagetes erecta (549 pg/g). Overall,
chlorogenic, syringic and p-coumaric acids were detected in all flowers,
but in lower amounts compared to other phenolic acids (Kaisson et al.,
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2011). Chlorogenic acid was the most abundant phenolic compound in
the flowers of Crataegus spp. (hawthorn flowers) (range 0.49 to
12.67 mg/g) collected in distinct regions of Iran (Alirezalu et al., 2018).
The differences observed in the phenolic composition of flowers be-
longing to the same or different species are influenced by environ-
mental factors. Phenolics represent a chemical interface between plants
and the environment, being largely affected by environmental condi-
tions such as soil composition, temperature, rainfall and ultraviolet
radiation incidence, as well as flowering period (Zheng, Yu, Maninder,
& Xu, 2018). All these factors may affect the accumulation of bioactive
compounds in plant organs (Jin, Zhu, Guo, Shen, & Wang, 2012).

Considering the sum of all phenolics detected in each flower,
cosmos presented the highest contents (p < 0.05), followed by cravine
(3,715.00 pg/g), torenia (3,136.60 pg/g) and mini rose (3,116.7 pg/g),
and tagete the lowest contents (486.3 pug/g) of total phenolic among the
studied flowers (Table 1). These results were probably influenced by the
color, thickness and cell wall structure of the distinct flowers analyzed
(Zheng et al., 2018). A direct comparison of these findings with those
already reported for the same flower species is difficult because total
phenolics in flowers have been determined using spectrophotometric
approaches and expressed in gallic acid equivalents (GAE/mL).
Nevertheless, Chensom et al. (2019) also observed higher total phenolic
contents in cosmos (13.08 mg GAE/g) then in torenia (4.85 mg GAE/g)
or begonia (2.04 mg GAE/g) cultivated in Japan. Otherwise, values
ranging from 284.80 to 1890 mg GAE/g were described for mini-rose
(Cai et al., 2005; Xiong et al., 2014; Zheng et al., 2018), while among
tagete cultivars total phenolics were reported in a range of 81.8 to
223.3 mg GAE/g (Li, Gao, Zhao, & Wang, 2007).

3.2. Bioaccessibility of phenolics in edible flowers

Exposure to gastrointestinal conditions promoted distinct effects on
phenolics in the flowers analyzed. In all flowers there was a decrease
after the gastric phase, except for cravine, which increased the total of
phenolics around 5% (Table 2). Phenolics such as procyanidins and
epicatechin gallate may be converted in epicatechin, which is more
stable in acidic conditions, while gallic acid can be released from gal-
loylated catechins (e.g., epigallocatechin gallate and epicatechin gal-
late) (Liang, Wu, Yang, Hu, & Chen, 2016). According to Barba et al.
(2017), the increase of some phenolics after exposure to gastric con-
ditions is also related to the release of phenolic compounds linked to
other components in the vegetal matrix. The transformation promoted
by exposure to acidic conditions should be considered because phe-
nolics may be transformed into different structural forms that can or not
be identified (Barba et al., 2017; Huang et al., 2017).

The highest (p < 0.5) bioaccessibility of catechin was observed in
torenia (~176%; Table 2). Interestingly, in mini rose, which presented
the highest contents of this flavanol before the in vitro digestion, ca-
techin showed the lowest bioaccessibility (~5%); in the other flowers
the bioaccessibility of this compound varied from ~172 to 50%
(Table 2; p < 0.05). Catechins are polyhydroxylated polyphenols
commonly found in vegetable and well-known by their biological ac-
tivities, however one of the significant disadvantages of catechins is
their instability. These compounds are easily oxidized, owing to the loss
of hydrogen atoms in solution and are not stable in alkaline and neutral
conditions (Mochizuki, Yamazaki, Kano, & Ikeda, 2002). The flavanol
procyanidin B2 presented the lowest (p < 0.05) bioaccessibility in
cosmos (0.745%) and, in mine rose and torenia (~2%; Table 2). The
highest bioaccessibility (p < 0.05) of procyanidin B2 was observed in
clitoria (~57%). Among the other flowers the bioaccessibility of pro-
cyanidin B2 varied from ~43 to 4%. Moreover, the highest bioacces-
sibility of procyanidin B1 was observed in cravine (~58%) and torenia
(~38%). This same compound was not bioaccessible in tagete and
cosmos. In mini rose, clitoria, and mini daisy the bioaccessibility of
procyanidin B1 was in a range of ~12 to 29%. The flavanol epicatechin
gallate was bioaccessible in cravine (160%) and torenia (130%), while
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bioaccessibility of epigallocatechin gallate was observed only in cravine
(120%). Procyanidins are made of catechin and epicatechin and only
monomers and smaller oligomeric procyanidins cross the intestinal
barrier and can be absorbed (Rauf et al., 2019). Exposure to acidic and
alkaline conditions during simulated gastrointestinal conditions hy-
drolyze bonds joining these compounds, thus increasing their contents
in the intestinal fraction. Studies have attributed the high bioaccessi-
bility of catechins in fruits as a result of the hydrolysis of polymerized
compounds (Dantas et al., 2019; Mosele, Macia, Romero, & Moltiva,
2016). This could explain the higher bioaccessibility of catechin in
flowers containing lower contents of this flavanol. Overall, the structure
of the vegetal matrix and the binding gallate moieties of flavanols to
vegetable cell wall material greatly affect the bioaccessibility of these
compounds (Oliveira et al., 2020; Wang, Liu, Chen, & Zhao, 2013).
Consequently, the distinct structure of the vegetal tissue each flower
may explain the distinct bioaccessibility observed for flavanols. In their
study, Oliveira et al. (2020) suggest that the highest content fibers in
fruits affect the bioaccessibility of flavanols because the fibers create
pores in their structure where the phenolic compounds can penetrate.
Another factor that influences the bioaccessibility of some phenolic
acids is related to their chemical rearrangements (Dutra et al., 2017).

Anthocyanins corresponded to the phenolic group with the lowest
bioaccessibility among those identified in the studied flowers. The an-
thocyanins pelargonidin 3,5-diglicoside and malvidin 3-glucoside, de-
tected only in mini rose and cravine, respectively, showed low bioac-
cessibility (below 0.6%; Table 2). Anthocyanins are unstable under
gastric and alkaline intestinal conditions (Peixoto et al., 2016). A pre-
vious study reported that exposure to conditions in vitro digestion
causes a significant reduction in the anthocyanins and observed
bioaccessibility of these phenolics only in blueberry and raspberry
among five red to purple fruits (Dantas et al., 2019).

The bioaccessibility of flavonols also varied among the analyzed
flowers. The highest (p < 0.05) bioaccessibility of flavonols rutin and
miricetin, ~17 and 14%, respectively was observed in cravine
(Table 2). In cosmos, mini daisy, clitoria, torenia and begonia, the
bioaccessibility of miricetin was lower (p < 0.05) then in cravine,
ranging from ~2 to 0.5% (Table 2). Similarly, rutin showed lower
bioaccessibility in clitoria, mini daisy, tagete and torenia compared to
cravine, varying from ~11 to 0.3%. The highest bioaccessibility
(p < 0.05) observed for kaempferol 3-glucoside was ~11% in tagete.
In mini rose, mini daisy and begonia, the bioaccessibility of this fla-
vonol was close to 2% and even lower (p < 0.05) in torenia (0.35%).
The flavonol quercetin 3-glucoside was bioaccessible only in cosmos
(70%), begonia (~3.7%) and mini rose (~1.7%). Varied bioccessibility
of flavonols was previously reported in blended fruit juice (40% orange,
33% kiwi, 13.5% pineapple and 13.5% mango) by Rodriguez-Roque,
Rojas-Gratii, Elez-Martinez, and Martin-Belloso (2014). However, dif-
ferent from observed here, quercetin was cited among the most bioac-
cessible flavonols in the study of these researchers, showing the impact
of the embedded matrix. This difference may be related to an in-
complete release of quercetin from other components (e.g., fibers) in
the matrix, with a consequent decrease of the ability to pass through the
simulated membrane (Barba et al., 2017; Dantas et al., 2019). Flavonols
might bind to proteins or fibers in the matrix through hydrogen
bonding, covalent bonding or hydrophobic interactions (Dantas et al.,
2019). During exposure to gastric and intestinal conditions (pH and
enzymes), the solubility of these compounds may change, impacting the
bioaccessibility (Lucas-Gonzales, Navarro-Coves, Pérez-Alvarez, &
Fernandez-Lépez, 2016).

Flavanones showed bioaccessibility only in cravine, mini rose, mini
daisy and clitoria, in a range of ~11 to ~1.5%. Hesperidin showed the
highest (p < 0.05) bioaccessibility in cravine (~11%). In mini daisy,
mini rose and clitoria, the bioaccessibility of this flavanone was always
below 7% (Table 2). In these three flowers, the flavanone narigenin also
showed low bioaccessibility, ranging from ~1.6 to 0.35%. The occur-
rence of chemical changes promoted by acidic or alkaline environments
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during digestion, as well as the action of digestive enzymes over pro-
teins and carbohydrates may help the flavanones release (Lingua,
Wunderlin, & Baroni, 2018).

The bioaccessibility of phenolic acids varied with the acid and
among the flowers. Caftaric acid showed the highest (p < 0.05)
bioaccessibility in begonia (~110%), followed by clitoria (~20%) and
cravine (~15%). In mini daisy, cosmos and torenia, the bioaccessibility
of this phenolic acid varied from ~7 to ~4%. Chlorogenic acid showed
the highest bioaccessibility in mini daisy (360%), around 5% in torenia,
3.5% in mini rose and 4.7% in cravine. Syringic acid was bioaccessible
only in mini rose (6.6%) and cosmos (30.00%) (Table 2). Gallic acid
showed the highest (p < 0.05) bioaccessibility among all phenolics
detected in all flowers. This highest bioacessibility was observed in
torenia (220%). In clitoria and cravine the bioaccessibility of this
phenolic acid was 100% and in cosmos 90% (Table 2). However, this
phenolic acid was not bioaccessible in begonia, mini rose, mini daisy
and tagete. The high bioaccessibility of chlorogenic and gallic acid
observed in the present study was previously observed in flowers of
Hypericum perforatum L., (ibitipoca), which presented bioaccessibility of
303.08 and 185.81% for chlorogenic and gallic acid, respectively
(Celep, Inan, Akyiiz, & Yesilada, 2017). Overall, the distinct bioacces-
sibility of some compounds in flowers observed here can be related to
changes in the structure of phenolics during the in vitro digestion by
oxidation or degradation, as well as their distribution in the vegetal
tissue (Rodriguez-Roque et al., 2014; Schulz, Biluca, Gonzaga, & da
Borges, 2017). Probably, the distinct structure formed by pectin, cel-
lulose and hemicellulose in the vegetable tissue of the studied flowers
was related to the great variation in the bioaccessibility of phenolics
such as flavanones and phenolic acids (Morais, 2019; Rodriguez-Roque
et al., 2014).

Among the stilbenes detected, cis-resveratrol showed the highest
(p < 0.05) bioaccessibility in begonia (~14%). In clitoria and mini
daisy the bioaccessibility of this compound was around 2.3% and
0.65%, respectively (Table 2). Otherwise, trans-resveratrol showed the
highest bioaccessibility (p < 0.05) in cravine (~9%) and was also
bioaccessible in clitoria (~3.3%) (Table 2). The highest bioaccessibility
of the form cis- compared to trans-resveratrol in flowers is explained by
the instability of trans-resveratrol under environmental conditions and
within the digestive system leading to its isomerization to cis-resvera-
trol (Koga, Andrade, Ferruzzi, & Lee, 2016). Resveratrol has been de-
scribed as a low bioaccessible phenolic (Manach, Williason, Morand,
Scalbert, & Rémésy, 2005).

Compounds which have been described as the most bioaccessible in
fruits (e.g. catechin, myricetin, hesperidin, procyanidins and rutin)
(Dantas et al., 2019; Schulz et al., 2017) were detected in high amounts
in the non-dialyzed fraction of the analyzed edible flowers. These are
interesting findings because compounds not able to cross the simulated
intestinal barrier (i. e. non detected in the non-dialyzed fraction) would
be not available for absorption, thus will reach the colon “carried” or
not by fibers. Once in the colon, they can be metabolized by colonic
bacteria promoting distinct benefits to the host (Jakobek & Mati¢, 2019;
Morais, 2019).

3.3. Antioxidant activity of the edible flowers and their digestive fractions

Before in vitro digestion, mini rose displayed the highest (p < 0.05)
scavenging DPPH’ activity and ferric reducing power (FRAP) (Table 3),
while, cosmos showed the highest (p < 0.05) oxygen radical absor-
bance capacity (ORAC). The lowest activity measured by FRAP method
was observed for clitoria (p < 0.05). Cosmos, tagete and torenia dif-
fered from each other (p < 0.05) in FRAP assay, while no differences
were observed among the cravine, begonia and mini daisy (Table 3).
Clitoria also showed lower (p < 0.05) activity in DPPH in comparison
to cravine, torenia and mini daisy, but without difference from begonia,
tagete and cosmos (Table 3); cravine, torenia and mini daisy differed
from each other (p < 0.05). In ORAC analysis, clitoria showed lower
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activity (p < 0.05) compared to other flowers, without difference only
from begonia (Table 3). Torenia, mini daisy and clitoria differed from
each other (p < 0.05) in ORAC assay, while tagete, cravine and mini
rose showed similar ORAC activity.

According to the Pearson’s correlation analysis of phenolics de-
tected in flowers before digestion and the antioxidant assays, rutin
(r = 1.0), hesperidin (r = 0.9) and pelargonidin 3,5-diglucoside, ca-
techin, epicatechin galate, epicagocatechin galate, procyanidin A2,
quercitin 3-glucoside, trans-resveratrol, caftaric acid and, procyanidin
B2 (r = 0.8), as well as kaempferol (r = 0.7) showed positive and
strong correlation with all antioxidant assays (Supplementary Table 1).
Among these compounds, rutin, herperidin, caftaric acid and procya-
nidin B2 were most abundant in cosmos, while the others were detected
in great amounts in mini rose. A weak correlation (r < 0.5) was ob-
served for naringenin, mirycetin, malvidin 3,5- diglucoside and mal-
vidin 3-glucoside and DPPH, FRAP or ORAC assays (Supplementary
Table 1). These compounds were mainly detected in clitoria, torenia,
begonia or cravine (Table 1).

The dialyzed fraction (i.e. the fraction containing the bioaccessible
phenolics) of cravine and mini rose displayed the highest (p < 0.05)
antioxidant activity by DPPH and FRAP assay, respectively (Table 3).
Otherwise, the dialyzed fraction of cosmos showed the highest
(p < 0.05) activity measured in ORAC (Table 3), while the lowest
(p < 0.05) antioxidant activity in FRAP and ORAC assays was ob-
served for the dialyzed fraction of clitoria. Dialyzed fractions of cosmos,
clitoria and begonia showed lower (p < 0.05) values in DPPH assay
compared to those obtained from other flowers, but did not differ from
each other. No differences were observed between dialyzed fractions of
cravine and mini daisy regarding FRAP activity, while those obtained
from torenia, tagete and cosmos differed from each other (p < 0.05) in
this assay. Dialyzed fractions of begonia and cosmos showed similar
activity in DPPH, while those from begonia and mini daisy showed si-
milar values in ORAC assays (Table 3).

The correlation analyses of phenolics in dialyzed fraction showed
that malvidin 3-glucoside, epigallocatechin gallate, hesperidin and
rutin (r = 0.9), epicatechin gallate and myricetin (r = 0.8), as well as
procyanidin Bl (r = 0.7) presented a positive correlation with anti-
oxidant activity of the dialyzed fraction measured by all antioxidant
assays evaluated (Supplementary Table 2). These phenolics were de-
tected in high amounts in the dialyzed fraction of cravine. Interestingly,
weak correlation with DPPH, FRAP and ORAC assays was observed for
cis resveratrol, pelargonidin 3,5 diglucoside, caftaric acid and catechin.
Cis-resveratol and catechin were detected mainly in the dialyzed frac-
tion of clitoria, while pelargonidin 3,5 diglucoside and caftaric acid
were detected mainly in the dialyzed fraction of mini rosa and cravina,
respectively (Table 2). The dialyzed fraction of begonia did not present
a correlation with FRAP assay (Supplementary Table 2).

Similar to observed results obtained with extracts before the in vitro
digestion, the non-dialyzed fraction of mini rose presented the highest
(p < 0.05) antioxidant activities by FRAP and DPPH, while that from
clitoria showed lowest (p < 0.05) antioxidant activity measured in
these two methods. Otherwise, the highest (p < 0.05) capacity of
oxygen radical absorbance was displayed by the non-dialyzed fraction
of cosmos (Table 3). No differences were observed among the DPPH’
scavenging activity of the non-dialyzed fraction from torenia, cravine
and mini daisy, or between tagete and cosmos (Table 3). The non-dia-
lyzed fraction of torenia and tagete differed from each other
(p < 0.05) in DPPH, while no differences between begonia and clitoria
were observed in DPPH. Otherwise, those obtained from tagete, cravine
and cosmos differed (p < 0.05) in FRAP, while begonia differed from
tagete (p < 0.05) in ORAC assay (Table 3). The non-dialyzed fraction
of begonia did not presented activity in FRAP assay.

In the non-dialyzed fraction, syringic acid (r = 1.0), pelargonidin
3,5-diglucoside (r = 0.9), epicatechin (r = 0.9) and caftaric acid
(r = 0.7) (Supplementary Table 3), detected in higher amounts in the
non-dialyzed fraction of mini rose or cosmos (Table 2) presented a
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Table 3

Antioxidant activity in eight species of edible flowers of distinct colors used in floods and drinks and their corresponding digestive fractions evaluated by DPPH, FRAP

and ORAC methods.
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Assay Flowers Digestive fraction
Before digestion Dialyzed fraction Non dialyzed fraction
DPPH Begdnia 649.27 + 4.55™ 167.47 + 12.23PF° 104.80 + 12.60°P¢
Torenia 7,013.62 + 124.71¢ 1,157.96 + 123.83°° 1,296.60 + 139.45%"
Mini rose 21,600.98 + 825.374% 1,646.11 * 105.79" 2,807.90 + 132.504"
Clitoria 321.58 * 11.66% 19.82 + 10.60% 30.93 + 275
Mini daisy 15,081.95 + 2134.94% 1,073.91 + 115.56%° 1,108.92 + 66.03%
Tagete 694.39 + 6.88" 271.07 + 6.74°¢ 347.75 + 28.96°
Cosmos 690.25 * 7.36™ 55.71 = 1.16™ 34415 = 6.86"
Cravine 2,884.87 + 74.78"° 4,260.23 * 33.38"* 1,288.68 + 111.43%
FRAP Begonia 3,512.98 + 36.18%F ND ND
Torenia 8,907.50 + 210.97 P® 1,398.57 + 91.37% 1,414.07 + 32.89°P°
Mini rose 27,022.22 + 4159242 1,638.67 =+ 47.28"¢ 2,856.78 * 246.95"
Clitoria 561.70 *+ 6.67 %@ 58.31 + 4.17% 14517 + 12.11™
Mini daisy 2,891.25 + 78.70™ 956.73 * 86.67° 1,149.50 * 39.63"°
Tagete 14,948.06 + 407.72 539.27 + 40.20™° 2,125.86 + 34.13%
Cosmos 15,724.30 + 354.44% 204.83 + 13.83% 457.77 + 20.59%°
Cravine 3,866.97 + 172.29% 1,030.78 + 77.78% 1,571.67 * 131.13%
ORAC Begonia 808.36 + 52.93% 8,634.53 + 412.38" 9,682.87 *+ 593.25%
Torenia 36,982.48 + 1,920.55% 6,082.73 * 559.38" 6,161.82 = 368.45°°
Mini rose 14,079.76 + 1,927.14 P2 3,682.73 = 1,040.41% 8,376.47 * 559.995C"

Clitoria 1,037.23 + 133.03%

Mini daisy 29,635.36 *+ 2,364.71
Tagete 16,634.83 + 421.20 °®

Cosmos 138,764.59 * 5,188.274%
Cravine 14,914.48 = 1730.56 »*

359.15 = 65.22%
4,933.98 *+ 742.30°°
478.65 + 44.93%¢
52,740.26 + 3,525.74°
6,418.44 * 502.25°°°

156.29 + 13.96"

9,197.27 * 646.085
10,661.72 + 891.67"°
13,339.03 + 651.13"
3,469.61 = 173.10%

+
*

Values are expressed in umol TEAC/100 g and as the mean * standard deviation. ND: not detected. Different uppercase superscript capital letters in the same
column for the same method denote difference (p < 0.05) between the samples, based on the Tukey's test. Different lowercase superscript letters on the same row
indicate difference (p < 0.05) between digestive fraction of the same sample, based on Tukey's test.

positive and strong correlation with the results obtained in all anti-
oxidant assays (Supplementary Table 3). A weak correlation was ob-
served for procyanidin B2, gallic acid, chlorogenic acid, cis-resveratrol
and catechin (Supplementary Table 3), mainly detected in mini daisy,
begonia, torenia or clitoria respectively (Table 2).

The antioxidant activity measured for the eight edible flowers tested
or their digestive fractions varied among DPPH, FRAP and ORAC
method. Similar findings were reported in a study with 23 edible
flowers different from those studied here, which were evaluated by
FRAP (activity in a range of 8.08 to 913.58 uM TEAC/g), DPPH (activity
in a range of 21.14 to 599.49 pmol TEAC/g) and ABTS assay (46.46 to
2078.34 umol TEAC/g) (Chen et al., 2015). Phenolic compounds may
develop their antioxidant activity by different mechanisms (Fernandes
et al., 2019). Because none of the available in vitro methods can eval-
uate all antioxidant mechanisms exerted by phenolics, as observed
here, the antioxidant activity varies with the method applied (Skrajda,
2017). Overall, the different antioxidant potential of each flowers, or its
derived fractions was related to their phenolic composition, and thus
directly associated with individual antioxidant power and amounts of
each phenolic.

Once the antioxidant activity of the flowers or their derived frac-
tions was evaluated by the three distinct methods, a PCA was used to
assess the overall effect of phenolic compounds detected before or after
digestion in each flower, on the measured activity.

The PCA obtained for flower phenolics before the in vitro digestion
explained 82.07% of the variance in the observed results. The variables
that define the PC1, which explains 48.15% of the variation, were ca-
techin epicatechin gallate, epigalocatechin gallate, pelargonidin 3,5-
diglucoside, procyanidin A2, quercetin, kaempferol, DPPH and FRAP
(Fig. 2A). In this PC, catechin, epicatechin galate, epigalocatechin ga-
late quercitin 3-glucoside and pelargonidine 3,5-diglucoside were
strongly correlated with DPPH, while procyanidin A2 and kaempferol
3-glucoside were strongly correlated with FRAP (Fig. 2A). PC1 sepa-
rated the mini rose from all other flowers (Fig. 2B). PC2, which

10

explained 31.21% of the data variance, was defined by trans-resvera-
trol, hesperidin, rutin, procyanidin B2, caftaric acid and ORAC. In this
PC, rutin, caftaric acid and procyanidin B2 were strongly correlated
with ORAC (Fig. 2A) and separated cosmos from all other flowers
(Fig. 2B). A previous study with flowers of hawthorn species also ob-
served correlation of rutin, quercetin 3-glucoside quercetin, epica-
techin, and procyanidin B2 with FRAP activity (Alirezalu et al., 2018),
while another research reported correlation of catechin, rutin chloro-
genic acid and protocyanidins from flowers of crabapple (Malus species)
with DPPH activity (Liu, Wang, & Wang, 2018).

The PCA generated with phenolics and antioxidant activity of dia-
lyzed fractions explained 72.59% of the obtained results. The con-
tributors for PC1, which explained 54.37% of the data variance were
caftaric acid, trans-resveratrol, myricetin, hesperidin, epigallocatechin
gallate, epicatechin gallate, procyanidin B1, malvidin 3-glucoside, rutin
and DPPH. In this PC, epicatechin gallate and procyanidin B1 were
strongly correlated with DPPH method (Fig. 3A) and cravine was se-
parated from other flowers. PC2 explained the remained 18.22% of the
variance and was defined by the variables perlargonidin 3,5-digluco-
side, chlorogenic acid and FRAP (Fig. 3B). In this PC, chlorogenic acid
showed strong correlation FRAP (Fig. 3A) and separated torenia and
mini rose from all other flowers (Fig. 3B).

The PCA generated for phenolics and antioxidant activity of the
non-dialyzed fraction explained 81.97% of the obtained results. PC1
explained 53.60% of the data variance and was defined by caftaric acid,
gallic acid, syringic acid, FRAP and ORAC. In this PC, syringic acid,
epicatechin and caftaric acid were strongly correlated with ORAC,
while gallic acid showed a strong negative correlation with FRAP
(Fig. 4A). By PC1 Cosmos separated from other flowers (Fig. 4B). On
another hand, PC2 which explained 28.37% of the data variance was
defined by perlargonidin 3,5-diglucoside and DPPH (Fig. 4A) and se-
parates the mini rose from all other flowers (Fig. 4B).

No previous studies have evaluated the antioxidant activity of
bioaccessible or not bioaccessible phenolics using the same methods
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Fig. 2. (A) Principal Component Analysis (PCA) graph of phenolics from dialyzed fractions of edible flowers of distinct colors with antioxidant assays; (B) distribution
of the dialyzed fractions of eight edible flowers of distinct colors used in foods and drinks. PC: Principal component; FRAP: Ferric reducing antioxidant power; ORAC:
Oxygen radical absorption capacity; DPPH: activity against 2,2- difenil-1-picril-hidrazil free radicals.

assessed in the present study, however, Chen et al. (2015) suggested
quercetin, gallic, caffeic and syringic acids, catechin, epicatechin and
rutin as the main compounds related to the activity measured by DPPH,
FRAP and ABTS (Chen et al., 2015).

The differences observed for the antioxidant activity in each flower
before in vitro digestion and its derived fractions could be related to
deprotonation of the hydroxyl moieties present on the aromatic rings of
phenolics during the transition from an acidic to the alkaline
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environment (Bouayed, Hoffmann, & Bohn, 2011; Dutra et al., 2017).
Moreover, the structure and stability of each phenolic through the
gastrointestinal digestion would define the antioxidant capability of the
absorbable fraction over distinct free radicals, as observed for the mini
rose that showed the highest activity in FRAP and DPPH, but not for
ORAC. Overall the activity of bioaccessible phenolics against reactive
oxygen species may be defined by specific phenolics, or by the con-
tribution of distinct phenolic compounds as observed for cosmos and
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mini rose, respectively in the present study.

4. Conclusion

Mini rose, torenia, mini daisy, clitoria, cosmos, cravine, begonia and
tagete possess in their composition phenolic acids, stilbenes, flavanol,
anthocyanin, flavonol and flavanone, however the phenolic com-
pounds, as well as contents of the same compound largely vary among
these flowers. The bioaccessibility of varied among the phenolics and
within the flower source. Cosmos and tagete presented the highest and
lowest contents of phenolics before the in vitro digestion, respectively.
The dialyzed fraction of cosmos showed the highest activity in ORAC
assay, while those obtained from mini rose and cravine showed the
highest activity in FRAP and DPPH assay, respectively. Despite the
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limitation of an in vitro study, our findings show that the edible flowers
studied are a source of distinct phenolics which can be supposedly
available for absorption or colonic metabolism. Particularly cosmos and
mini rose could be suggested as sources of bioaccessible phenolics with
great antioxidant activity.
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6 CONSIDERACOES FINAIS

A realizagéo do presente estudo permitiu ampliar o conhecimento acerca da composicao
fendlica de flores que tem sido comumente utilizadas em alimentos e bebidas. Os resultados
ressaltam a variabilidade entre as flores estudadas, onde cravina apresentou maior concentracéo
de malvidina 3-glucosideo; begbnia as maiores concentracfes de malvidina 3,5-diglucosideo e
p-cumarico; mini rosa as maiores concentracdes de pelargonidina 3,5-diglucosideo, catequina,
galato de epicatequina, galato de epigalocatequina e procianidina A2; clitoria apresentou as
maiores concentracGes de narigenina e cis-reveratrol; tagete as maiores concentracdes de
hesperidina, epicatequina e procianidina B1; torénia as maiores concentracdes de miricetina,
acido clorogénico e acido cafeico; e cosmos as maiores concentracdes de hesperidina, rutina,
procianidina B2, acido caftarico e trans-resveratrol. Os resultados demonstram que a
bioaccessibilidade dos compostos fendlicos varia com a flor de origem, onde a begonia teve
maior bioacessibilidade de &cido caftarico e cis-reveratrol; a torenia teve maior
bioacessibilidade de catequina e acido galico; a mini rosa teve maior bioacessibilidade de
pelargonidina 3,5-diglucosideo e narigenina; a clitoria teve maior bioacessibilidade de
procianidina B2; a cosmos teve maior bioacessibilidade de acido siringico e quercetina; a
cravina teve maior bioacessibilidade de procianidina B1, rutina, miricetina, hesperidina e trans-
resveratrol; a mini margarida e tagete tiveram maior bioacessibilidade de acido clorgénico e
campferol respectivamente. Ainda, foi possivel observar que a capacidade antioxidante de cada
flor ou de suas fraces derivadas varia com o método de avaliacdo utilizado, onde no extrato e
na fracdo ndo dialisada a mini rosa apresentou a maior atividade antioxidante nos ensaios DPPH
e FRAP e a cosmos no esnsaio ORAC, enquanto que na fragdo dialisada mini rosa teve maior
atividade antioxidante no ensaio FRAP, cravina no ensaio DPPH e cosmos no ensaio ORAC.

Apesar da limitacdo de um estudo in vitro, nossos resultados sugerem que flores comestiveis
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podem contribuir na dieta com o aporte de compostos antioxidantes que estdo disponiveis para
absorcdo. Particularmente o cosmos e a mini rosa podem ser sugeridos como fontes de fendlicos
bioacessiveis com atividade antioxidante. Estudos futuros com enfoque nos compostos
fendlicos presentes na fracdo ndo absorvivel sdo importantes para elucidar seu efeito de

modulagdo da microbiota.
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