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RESUMO

O consumo regular de frutas tem sido amplamente recomendado e ja foi associado a diminui¢ao
do risco de desenvolvimento de doengas cronicas, devido a presenga de compostos com efeitos
benéficos a satide. Nesse contexto, o Brasil ¢ considerado o pais com a maior biodiversidade
bioldgica do mundo e possui um grande nimero de espécies frutiferas, muitas delas encontradas
na Regido Sul. Embora o pais apresente caracteristicas climaticas e geograficas favoraveis a
producao dessas espécies € que elas apresentem potenciais econdOmicos € nutricionais, ainda
nao sao amplamente utilizadas pela populagdo. Isso se deve ao fato de que ainda existem
lacunas no conhecimento existente em torno da biodiversidade nativa e seu valor nutricional,
com dados ainda limitados ou inexistentes. Assim, uma caracteriza¢gdo ampla das espécies
nativas ¢ considerada crucial para estimular seu uso. Neste sentido, este trabalho visa
determinar o potencial nutricional de sete espécies nativas - Butia da Praia(Butia catarinensis
Noblick & Lorenzi), Butia da Serra (Butia eriospatha (Mart. ex Drude) Becc.), Acai Jucara
(Euterpe edulis Mart.), Arumbeva (Opuntia elata Salm-Dyck), Maracuja do Mato (Passiflora
actinia Hook.), Fisalis (Physalis spp.) e Jaracatid (Vasconcellea quercifolia A.St.-Hil.) - da
Regido Sul do Brasil. As frutas foram analisadas em relagdo as suas caracteristicas fisico-
quimicas, composi¢do centesimal, teor de vitaminas e minerais, capacidade antioxidante, além
da identificagdo e quantificacdo dos principais compostos bioativos. As frutas avaliadas
apresentaram alto teor de umidade, baixo teor lipidico e boa quantidade de fibras,
principalmente as do tipo insoltivel. O Agai Jucara apresentou alta relagdo de solidos soluveis
totais e acidez total tituldvel (SST/ATT), excelente quantidade de fibras, teor consideravel de
vitaminas B5 e B6, luteina, antocianinas e alta capacidade antioxidante. Os Butids da Praia e da
Serra exibiram contetido elevado de vitamina C e do complexo B (B1, B2, BS5, B6 ¢ B7), além
da alta capacidade antioxidante. A Arumbeva teve destaque como fonte de fibras, vitamina C e
minerais (Ca, Mg, Mn e Zn). O Maracuja do Mato se destacou pelo conteudo de vitamina B6 e
o Fisalis apresentou teores elevados de vitamina B3, B6 e carotenoides totais, além de
apresentar perfil completo dos mesmos. J& o Jaracatia se apresentou como uma excelente fonte
de minerais (Ca, K e Zn) e proteinas; obteve alta relacdo SST/ATT e elevada quantidade de
vitaminas A, C e do complexo B (B2 e B6), além de ter destaque no contetido de carotenoides
totais e individuais (o e P-caroteno, B-criptoxantina e zeaxantina), apresentando um perfil
completo destes compostos. O teor de nutrientes para a mesma espécie, coletada em locais

diferentes variaram significativamente. Devido ao potencial interesse da industria de alimentos,



extratos hidroetanolicos de trés espécies também foram formulados e avaliados quanto a
capacidade antioxidante in vitro e in vivo. Os acidos hidroxibenzoicos e clorogénicos, a
catequina e/ou a epicatequina e seus derivados e a rutina foram os compostos predominantes
no Butid da Praia. No Butid da Serra os flavan-3-ols e os 4cidos hidroxibenzoéicos foram os
principais grupos, com predominancia de galato de epicatequina. Ja na Arumbeva, destacaram-
se dois acidos hidroxibenzdicos (acido piscidico e seu derivado), seguidos pelos derivados de
isorhamnetina e o acido caféico 4-O-glucuronideo. Os extratos hidroetandlicos dessas frutas
foram potentes desativadores de radicais livres, excelentes fontes de compostos fenolicos € ndo
aumentam a geracao de espécies reativas de oxigénio nem tiveram efeito toxico in vivo. Por
fim, o Butida da Praia foi escolhido para ser foco do desenvolvimento de um método para
prolongar o prazo de validade da fruta. As frutas foram armazenadas a 5 °C em trés tratamentos
diferentes: dispostos em bandejas de poliestireno expandido (aberto); embalados em nylon-poli
multicamada com e sem atmosfera modificada (2% de oxigénio, 5% de didxido de carbono e
93% de nitrogénio). As amostras foram analisadas nos dias 0, 5, 10, 15, 20, 25 ¢ 35 quanto a
parametros de qualidade pos-colheita. Aos 15 dias, o tratamento aberto ndo apresentava mais
condi¢des de consumo e o uso das embalagens foi capaz de aumentar a maciez, manter os niveis
de carotenoides (sendo os principais o f-caroteno e a luteina); manter a capacidade antioxidante
da fruta e sofrer menos perdas significativas de acido ascérbico. O uso de embalagens,
combinado ao resfriamento, foi suficiente para prolongar a vida 1til dos butids minimamente
processados por até 25 dias. As frutas nativas mostraram-se promissoras quanto a composi¢ao
fisico-quimica e nutricional, assim como quanto ao teor de compostos bioativos e a formulagao
de extratos pode expandir ainda mais seu uso. Além disso, praticas minimas de processamento
podem prolongar sua vida ttil. Os resultados apresentados nesse trabalho podem estimular a
demanda, o consumo e o cultivo dessas frutas, contribuindo para a preservacao e protecdo de
fontes naturais de alimentos nutritivos, saudaveis e sustentaveis, trazendo beneficios a satde da

populagéo.
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ABSTRACT

Regular consumption of fruit has been widely recommended and has already been associated
with a reduced risk of developing chronic diseases, due to the presence of compounds with
beneficial health effects. In this context, Brazil is considered the country with the greatest
biological biodiversity in the world and has a large number of fruit species, many of them found
in the South Region. Although the country has favorable climatic and geographical
characteristics for the production of these species and that they have economic and nutritional
potential, they are not widely used by the population yet. This is due to the fact that there are
still gaps in the existing knowledge around native biodiversity and its nutritional value, with
data still limited or nonexistent. Thus, a broad characterization of native species is considered
crucial to stimulate their use. In this context, this work aims to determine the nutritional
potential of seven native species - Butia da Praia(Butia catarinensis Noblick & Lorenzi), Butia
da Serra (Butia eriospatha (Mart. ex Drude) Becc.), Acai Jucara (Euterpe edulis Mart.),
Arumbeva (Opuntia elata Salm-Dyck), Maracuja do Mato (Passiflora actinia Hook.), Fisalis
(Physalis spp.) e Jaracatia (Vasconcellea quercifolia A.St.-Hil.) - from Southern Brazil. The
fruits were analyzed in relation to their physical-chemical characteristics, chemical
composition, vitamin and mineral content, antioxidant capacity, in addition to the identification
and quantification of the main bioactive compounds. The evaluated fruits had a high moisture
content, low lipid content and a good amount of fibers, especially the insoluble type. Acai
Jucara presented a high ratio of total soluble solids and total titratable acidity (TSS/TTA),
excellent amount of fibers, considerable content of vitamins B5 and B6, lutein, anthocyanins
and high antioxidant capacity. Butias da Praia and da Serra exhibited high content of vitamin C
and B complex (B1, B2, B5, B6 and B7), in addition to high antioxidant capacity. Arumbeva
stood out as a source of fiber, vitamin C and minerals (Ca, Mg, Mn and Zn). Maracuja do Mato
stood out for the content of vitamin B6 and Fisalis presented high levels of vitamin B3, B6 and
total carotenoids, besides presenting their complete profile. Jaracatia was an excellent source
of minerals (Ca, K and Zn) and proteins; obtained a high TSS/TTA ratio and a high amount of
vitamins A, C and the B complex (B2 and B6), in addition to highlighting the content of total
and individual carotenoids (o and B-carotene, B-cryptoxanthin and zeaxanthin), presenting a
complete profile of these compounds. The nutrient content for the same species, collected in
different places varied significantly. Due to the potential interest of the food industry,

hydroethanolic extracts of three species were also formulated and evaluated for antioxidant
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capacity in vitro and in vivo. Hydroxybenzoic and chlorogenic acids, catechin and/or
epicatechin and their derivatives and rutin were the predominant compounds in Butia da Praia.
In Butid da Serra, flavan-3-ols and hydroxybenzoic acids were the main groups, with a
predominance of epicatechin gallate. In Arumbeva, two hydroxybenzoic acids (piscidic acid
and its derivative) stood out, followed by isorhamnetin derivatives and caffeic acid 4-O-
glucuronide. The hydroethanolic extracts of these fruits were potent free radical scavengers,
excellent sources of phenolic compounds and did not increase the generation of reactive oxygen
species nor did they have a toxic effect in vivo. Finally, Butia da Praia was chosen to focus on
the development of a method to extend the fruit's shelf life. The fruits were stored at 5 °C in
three different treatments: arranged in expanded polystyrene trays (open); packed in multilayer
nylon-poly with and without modified atmosphere (2% oxygen, 5% carbon dioxide and 93%
nitrogen). The samples were analyzed on days 0, 5, 10, 15, 20, 25 and 35 for post-harvest quality
parameters. At 15 days, the open treatment no longer had consumption conditions and the use
of packaging was able to increase softness, maintain carotenoid levels (the main ones being [3-
carotene and lutein); maintain the antioxidant capacity of the fruit and suffer less significant
losses of ascorbic acid. The use of packaging, combined with cooling, was sufficient to prolong
the useful life of minimally processed butiés for up to 25 days. Native fruits have shown promise
in terms of physical-chemical and nutritional composition, as well as in terms of bioactive
compounds content and the formulation of extracts can further expand their use. In addition,
minimal processing practices can extend its useful life. The results presented in this work can
stimulate the demand, consumption and cultivation of these fruits, contributing to the
preservation and protection of natural sources of nutritious, healthy and sustainable foods,
bringing benefits to the health of the population.

Key-words: Biodiversity; Native fruits; Vitamins; Minerals; Bioactive compounds.
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CAPITULO 1

1 INTRODUCAO

O Projeto “Conservagdo e Uso Sustentavel da Biodiversidade para Melhoria da Nutri¢ao
e do Bem Estar Humano” ou “BFN” (sigla em inglés para Biodiversity for Food and Nutrition)
tem como objetivo promover a conservacao e o uso sustentavel da biodiversidade em programas
que contribuam para melhorar a seguranca alimentar e nutricional, por meio da valorizacdo da
importancia alimenticia, nutricional e cultural das espécies nativas. Lancado em 2012 e
coordenado internacionalmente pelo Bioversity International, o Projeto tem como agéncias
implementadoras o Programa das Nacdes Unidas para o Meio Ambiente (PNUMA) e a
Organizacdo das NacGes Unidas para a Alimentacdo e a Agricultura (FAO). A iniciativa é
liderada por quatro paises (Brasil, Quénia, Sri Lanka e Turquia) e financiada pelo Global
Environment Facility (GEF), o maior financiador publico de projetos ambientais internacionais

do mundo.

Primeiramente, cada pais onde o Projeto é executado reuniu parceiros nacionais
provenientes de ministérios, comunidade cientifica, organizacdes nao-governamentais,
sociedade civil e comunidades locais, estabelecendo suas prioridades e planejando suas agoes.
No Brasil, o Projeto é gerenciado pelo Ministério do Meio Ambiente (MMA) e busca mostrar
a forte ligacdo existente entre a biodiversidade, a alimentacdo e a nutricdo, com
desenvolvimento de atividades em ambito nacional, que envolvem parcerias com iniciativas do
Governo Federal (Programa de Aquisicdo de Alimentos — PAA; Programa Nacional de
Alimentacdo Escolar — PNAE; Politica Nacional de Alimentacdo e Nutricdo — PNAN; Plano
Nacional de Promoc¢do das Cadeias de Produtos da Sociobiodiversidade — PNPSB; Acéo
voltada ao Desenvolvimento da Agricultura Organica — Pr6-Orgéanico; Programa Salde na
Escola — PSE e Politica de Garantia de Precos Minimos para Produtos da Sociobiodiversidade
— PGPM-Bio).

Um dos componentes técnicos do Projeto visa ampliar o conhecimento sobre os
beneficios nutricionais da agrobiodiversidade e o papel da conservacéao e do uso sustentavel em
assegura-los. Dentre as atividades previstas no escopo deste componente, esta a determinacgéo
da composicgéo nutricional (macro e micronutrientes) de espécies nativas do Brasil, previamente

identificadas pela iniciativa “Plantas para o Futuro” do MMA.
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Embora algumas espécies possuam grande potencialidade nutricional, com importancia
regional e local, ainda sdo pouco conhecidas e consequentemente pouco utilizadas na dieta
cotidiana da populacdo. Para estimular o consumo e valorizar a producdo, as analises destas
espécies podem promover o conhecimento cientifico da vasta biodiversidade brasileira. Assim,
entre 2014 e 2016, as universidades federais do Ceara, Goiés, Sdo Paulo, Para e Rio Grande do
Sul, bem como as universidades estaduais do Ceara e S&o Paulo, compilaram dados nacionais
de composicéo nutricional de espécies priorizadas usando a metodologia da FAO-INFOODS
atraves da revisdo sistematica e quantitativa de fontes de dados secundarias (dissertacoes, teses,

resumos, tabelas de composicgéo, artigos cientificos, etc.).

Em funcdo dos dados escassos encontrados na literatura quanto a composicdo
nutricional das espécies e também para aumentar o “pool” de dados existentes, analises
laboratoriais padronizadas eram necessarias e foram realizadas entre 2016 e 2018 pelas
universidades parceiras, pelo Instituto Nacional de Pesquisa da Amazoénia (INPA) e pela
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), visando preencher as lacunas
detectadas. Neste contexto, a presente Pesquisa se insere na parceria firmada entre o Projeto
BFN e a Universidade Federal do Rio Grande do Sul (UFRGS) para avaliar a composi¢ao
fisico-quimica, nutricional e de compostos bioativos de frutas nativas da Regido Sul do Brasil.
Paralelamente, também foram desenvolvidas receitas com cada uma das espécies estudadas no

Projeto.

Ao contemplar as 5 regibes brasileiras, o BFN contribui para a capacitacdo de
professores, pesquisadores e estudantes no desenvolvimento de pesquisas com espécies nativas
de todo o pais. Os dados de composicao de alimentos de 70 espécies da flora brasileira e mais
de 300 receitas culinarias gerados estdo atualmente hospedados na ferramenta “Biodiversidade
& Nutricdo”, como parte do Sistema de Informacéo sobre Biodiversidade Brasileira (SiBBr),
criado pelo Ministério da Ciéncia, Tecnologia e Inovacdo (MCT]I) e disponivel para consulta a

toda populacéo.

15



CAPITULO 2

2 OBJETIVOS

2.1 Objetivo Geral

Determinar a composicao fisico-quimica, nutricional e de compostos bioativos de frutas

de sete espécies nativas (Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex

Drude) Becc., Euterpe edulis Mart., Opuntia elata Salm-Dyck, Passiflora actinia Hook.,

Physalis spp. e Vasconcellea quercifolia A.St.-Hil.) da Regido Sul do Brasil.

2.2 Objetivos Especificos

a)
b)

d)

9)

h)

Determinar as caracteristicas fisico-quimicas (dimensoes, pH, acidez e sélidos solaveis);

Determinar a composicdo centesimal (umidade, cinzas, proteinas, lipideos, fibras — totais,

soluveis e insollveis - e carboidratos) e valores energéticos;

Determinar os teores de vitamina A, vitamina B1 (tiamina), vitamina B2 (riboflavina),
vitamina B3 (niacina), vitamina B5 (acido pantoténico) vitamina B6 (piridoxina), vitamina

B7 (biotina) e vitamina C;
Determinar os teores de minerais (Calcio, Cobre, Ferro, Fosforo, Magnésio, Manganés,
Potassio, Selénio, Sodio e Zinco);

Determinar a capacidade antioxidante das amostras pelo método ABTS;

Identificar e quantificar o teor de carotenoides e antocianinas por Cromatografia Liquida de
Alta Eficiéncia (CLAE);

Identificar e quantificar o teor de compostos fendlicos ndo antocianicos das frutas do Butia
catarinensis Noblick & Lorenzi, do Butia eriospatha (Mart. ex Drude) Becc. e da Opuntia
elata Salm-Dyck e de seus extratos hidroetandlicos por CLAE acoplada a Espectrometria

de Massas;

Avaliar, por diferentes ensaios, a capacidade antioxidante e o efeito sobre marcadores de

estresse oxidativo e taxa de sobrevivéncia de Caenorhabditis elegans de extratos
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hidroetanolicos do Butia catarinensis Noblick & Lorenzi, do Butia eriospatha (Mart. ex
Drude) Becc. e da Opuntia elata Salm-Dyck;

i) Desenvolver um método simples para prolongar a vida de prateleira do Butia catarinensis
Noblick & Lorenzi.
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CAPITULO 3

3 REVISAO BIBLIOGRAFICA

3.1 Caracteristicas da Regido Sul do Brasil

A Regido Sul do Brasil, formada pelos estados do Paranad (PR), Santa Catarina (SC) e
Rio Grande do Sul (RS), apresenta grande variedade de relevos, o que exerce forte influéncia
no clima e na vegetagdo (HERRMANN; ROSA, 1990). Os biomas Mata Atlantica, Pampa e
Cerrado fazem parte dessa Regido e caracterizam-se por possuirem elevada riqueza de espécies,
com numero de plantas terrestres de 16.146, 1.458 e 12.070 espécies, respectivamente, e alto
nivel de endemismo (FORZZA, 2010).

Quanto a vegetacdo, nove tipos de formacOes vegetais podem ser encontradas (Floresta
Ombrdéfila Densa, Floresta Ombrofila Mista, Floresta Estacional Semidecidual, Floresta
Estacional Decidual, Savana Estépica, Savana, Estepe, Areas das Formagcdes Pioneiras e Areas
de Tensédo Ecoldgica) (CORADIN; SIMINSKI; REIS, 2011; INSTITUTO BRASILEIRO DE
GEOGRAFIA E ESTATISTICA IBGE, 2012), o que reforca a sua ampla diversidade e

importancia.

Embora apresentem grande potencial pela vasta biodiversidade, os trés biomas
encontram-se ameacados pela intensa reducdo e fragmentacdo da cobertura original, causadas
tanto pela expansdo agropecudria quanto pela intensa ocupacdo humana (CORADIN;
SIMINSKI; REIS, 2011; VILELA; CALLEGARO; FERNANDES, 2019). Neste contexto,
tanto a Mata Atlantica quanto o Cerrado séo considerados hotspots mundiais, termo utilizado
para designar as regides biologicamente mais ricas e ameacadas do planeta (CORADIN;
SIMINSKI; REIS, 2011).

Visando estimular sua utilizacdo e conservacdo, pesquisadores dos trés Estados da
Regido Sul do Brasil, apds uma ampla discussao e revisdo bibliografica, bem como visitas
técnicas a produtores e extrativistas, elegeram as espécies alimenticias com potencial uso
imediato ou futuro, que estdo listadas na publicagdo “Planta para o Futuro — Regido Sul”
(CORADIN; SIMINSKI; REIS, 2011) e seréo descritas a seguir.
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3.2 Espécies Priorizadas da Regido Sul do Brasil

As espécies alimenticias/frutiferas nativas da flora brasileira com valor econémico atual
ou potencial listadas na publicagdio do MMA “Planta para 0 Futuro — Regido Sul”, foram as

priorizadas pelo Projeto BFN e estdo descritas na Tabela 1:

Tabela 1. Espécies vegetais priorizadas pelo Projeto BFN para a Regido Sul do Brasil

Espécie (nome cientifico) Nome(s) popular(es)
1. Acca sellowiana (O.Berg) Burret Goiaba serrana
2. Annona crassiflora Mart. Marolo, Araticum
3. Araucaria angustifolia (Bertol.) Kuntze Pinheiro do parana, pinheiro brasileiro
4. Butia catarinensis Noblick & Lorenzi Butia da praia
5. Butia eriospatha (Mart. ex Drude) Becc. Butié da serra
6. Campomanesia xanthocarpa (Mart.) O. Berg Guabiroba, guabiroba, gabiroba, guabirobeira
7. Eugenia involucrata DC. Cerejeira do rio grande, cerejeira do mato
8. Eugenia pyriformis Cambess. Uvaia, uvalha, ubaia, uvaeira, azedinha, pome azedo
9. Eugenia uniflora L. Pitanga, pitangueira, pitanga mulata, pitanga preta
10. Euterpe edulis Mart. Jugara, palmito, palmito jucara, ripeiro
11. Opuntia elata Salm-Dyck Arumbeva, arumbeba, palma, palmatéria
12. Passiflora actinia Hook. Maracuja do mato, maracuja silvestre
13. Physalis pubescens L. Fisalis, joa de capote, jua de capote
14. Plinia peruviana (Poir.) Govaerts Jabuticaba, jabuticabeira
15. Psidium cattleianum Sabine Aracd, araca vermelho, araga amarelo
16. Vasconcellea quercifolia A.St.-Hil. Jaracatia, mamédozinho, mamoeiro do mato

Adicionalmente, em maio de 2016, a Portaria Interministerial n° 163 (MINISTERIO
DO MEIO AMBIENTE, 2016), marcou um passo importante na integracdo da biodiversidade
para melhorar a seguranga alimentar e nutricional. As “Espécies alimentares brasileiras de valor
nutricional da sociobiodiversidade™ (negligenciadas e subutilizadas) foram oficialmente
definidas e reconhecidas. Ja em maio de 2018, a Portaria foi substituida pela n° 284
(MINISTERIO DO MEIO AMBIENTE, 2018), que aumentou o nimero de espécies para 100.
Muitas dessas espécies foram analisadas pelo BFN no Brasil para determinar seu valor
nutricional, com o objetivo de integrar as informacgdes nas politicas e programas nacionais
relevantes. As duas ordenancas auxiliaram na compreensédo e disseminagdo do conhecimento

sobre essas espécies, melhorando, por fim, sua promogéo e uso sustentavel.

Neste contexto, pela grande diversidade de frutiferas nativas da Regido Sul do Brasil
com potencial econdmico e alimenticio, neste trabalho foram analisadas sete das 16 espécies
listadas no “Planta para o Futuro — Regido Sul”: Butia catarinensis Noblick & Lorenzi, Butia
eriospatha (Mart. ex Drude) Becc., Euterpe edulis Mart., Opuntia elata Salm-Dyck, Passiflora

actinia Hook. e Physalis spp., e Vasconcellea quercifolia A.St.-Hil. Uma breve descrigéo de
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cada uma delas seré& dada a continuacéo.

3.2.1 Butia catarinensis Noblick & Lorenzi (Butia da Praia)
O Butia catarinensis faz parte da familia Arecaceae e é conhecido popularmente no

Brasil como butid-da-praia, butiazeiro, butia, butid-azedo, butid-vinagre, butia-branco, butia
roxo, butid-midado, butia-pequeno ou butia-grado. No exterior, pode ser denominado como
Geleepalme, wine-palm ou jelly-palm (CORADIN; SIMINSKI; REIS, 2011; LORENZI,
LACERDA; BACHER, 2015). E uma planta nativa e ocorre de SC ao RS (JARDIM
BOTANICO DO RIO DE JANEIRO, [s.d.]).

A fruta é aromaética e bastante utilizada na alimentacdo humana, com agradavel sabor
(um pouco 4&cido), formato cdnico a depresso-globoso, com aproximadamente 20 mm de
comprimento axial e caroco globular (Figura 1 a esquerda) (CORADIN; SIMINSKI; REIS,
2011; REITZ, 1974). Sdo comercializadas in natura em feiras e beira de estrada nas regifes de
ocorréncia da espécie, ou na forma de polpa congelada ou sorvete (CORADIN; SIMINSKI,;
REIS, 2011; LORENZI; LACERDA; BACHER, 2015). O preco médio da fruta é de
aproximadamente R$ 9,00/kg e R$ 19,00/kg de polpa (safra 2019/2020).

Figura 1. Fotografias das frutas e da arvore do Butia catarinensis Noblick & Lorenzi.
Fonte: http://lwww.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.

3.2.2 Butia eriospatha (Mart. ex Drude) Becc. (Butia da Serra)
Este butid também faz parte da familia Arecaceae e popularmente é conhecido como
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buti&-da-serra, butiazeiro, macuma, butid-veludo, butid-azedo, butid-vinagre e butia-branco.
Internacionalmente pode ser denominado Wooly-jelly-palm. A espécie tem também as seguintes
sinonimias: Cocos eriospatha Mart. ex Drude, Butia eriospatha subsp. punctata Bomhard e
Syagrus eriospatha (Mart. ex Drude) Glassman (CORADIN; SIMINSKI; REIS, 2011). E uma
palmeira (Figura 2 a direita), encontrada nos trés estados da Regido Sul do Brasil (SOBRAL et
al., 2013).

A fruta (Figura 2 a esquerda) pode ser utilizada na alimentacdo humana, com polpa que
serve para sucos, licores, lasanha, cocada, mousse, sorvete, geleias, iogurtes, doces, entre
outros. Geralmente possui coloragdo amarela, com aproximadamente 20 mm de altura e caroco
mono ou bisseminado (CORADIN; SIMINSKI; REIS, 2011; LORENZI; LACERDA;
BACHER, 2015). O preco médio da polpa € de aproximadamente R$ 20,00/kg.

A maturacao das frutas geralmente ocorre de novembro a maio, tendo seu pico no veréo,
no més de fevereiro (ROSA; CASTELLANI; REIS, 1998).

/4

CassioiRabske u/Siva 2013

Figura 2. Fotografias das frutas e da arvore do Butia eriospatha (Mart. ex Drude) Becc.
Fonte: http://www.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.

3.2.3 Euterpe edulis Mart. (Jucara)
A Euterpe edulis faz parte da familia Arecaceae e é conhecida popularmente como

palmito-jucara, jucara, jicara, icara, palmiteiro-doce, encarova, ripa e palmiteiro. Tem como
sinonimias Euterpe edulis var. clausa Mattos, Euterpe egusquizae Bertoni ex Hauman e Euterpe
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espiritosantensis Fernandes (CORADIN; SIMINSKI; REIS, 2011). E uma palmeira que ocorre
da Bahia ao RS (Figura 3) (SOBRAL et al., 2013).

Diferentemente da espécie da Regido Amazonica (Euterpe oleracea), a E. edulis tem
monocaule, e a extracdo do palmito implica na morte da planta, o que a colocou na lista de risco
de extingdo (CORADIN; SIMINSKI; REIS, 2011; LORENZI; LACERDA; BACHER, 2015).

Justamente por isso, a producdo da sua fruta (acai jucara) tem vantagens e pode ser estimulada.

Aproveitando a semelhanca entre espécies do Norte e a demanda crescente pelo produto,
em consequéncia da disseminacdo do consumo de acai (emulsdo obtida a partir do
processamento do mesocarpo e epicarpo) no pais, os agricultores passaram a produzir e
comercializar as frutas na Regido Sul (CORADIN; SIMINSKI; REIS, 2011). O prego médio da
fruta € de R$ 5,00/kg e R$ 16,00 a polpa. Como caracteristicas boténicas, as frutas sdo
drupéceas, esféricas, de cor roxa ou preta quando maduras, com mesocarpo carnoso muito fino
(Figura 3) (LORENZI; LACERDA; BACHER, 2015; REITZ, 1974), e pesam em média 1 g,
com infrutescéncias atingindo em média 3 kg (REIS, 1995). Além disso, sua semente
compreende cerca de 90% do peso do fruto inteiro (INADA et al., 2015). Sementes e residuos
do despolpamento ndo séo fracdes comestiveis, mas podem ser explorados como fontes de

fibras para enriquecer os alimentos (INADA et al., 2015).

/a‘x" i | v.‘ .

Figura 3. Fotografias das frutas e da palmeira da Euterpe edulis Mart.
Fonte: http://www.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.

22



3.2.4 Opuntia elata Salm-Dyck (Arumbeva)
Faz parte da familia Cactaceae e é conhecida como arumbeva, arumbé, palmatoria,

cardo-palmatoria e palma, tendo como sinonimias Opuntia chakensis Speg. e Opuntia
cardiosperma K. Schum. E um cacto arborescente (Figura 4) e no Brasil teve registro apenas
no sudoeste gaucho, no Parque Estadual do Espinilho, municipio de Barra do Quarai, RS
(MARCHIORI, 2004; SCHLINDWEIN, 1995). A espécie é citada também como nativa do
Paraguai (ARENAS; LACOUR, 1981) e introduzida na Australia (LEUENBERGER, 2001).

N&o ha exploracdo econdmica para esta espécie (CORADIN; SIMINSKI; REIS, 2011;
LORENZI; LACERDA; BACHER, 2015). A subutilizacdo pode ser explicada pelo
desconhecimento e pela restrita ocorréncia. Outro uso potencial desta espécie é para a criacao
de cochonilhas para a extracdo de corantes naturais, como o vermelho-carmim, utilizado nas
industrias, sobretudo com fins alimenticios (CORADIN; SIMINSKI; REIS, 2011).

As frutas (acrossarcidios) amadurecem em meados de agosto, sdo produzidas em grande
quantidade e s&o obconicas com cerca de 6 a 7 cm, externamente com coloragdo vermelho-
purpura quando maduras, polpa verde (semelhante ao kiwi), adocicada e suculenta e possuem
sementes duras de 5 a 6 mm de comprimento e subglobosas (CORADIN; SIMINSKI; REIS,
2011; LORENZI; LACERDA; BACHER, 2015). A polpa pode ser consumida in natura ou

utilizada no preparo de sucos, licores, geleias e sorvetes.

Um cuidado especial deve ser tomado com os gloquidios (espinhos parecidos com pélos
ou espinhos curtos) nas frutas maduras, o que demanda também adequacbes e buscas por
tecnologias de producdo e colheita (CORADIN; SIMINSKI; REIS, 2011).

—

Figura 4. Fotografiagda Opuntia elata Salm-Dyck.
Fonte: http://www.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.
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3.2.5 Passiflora actinia Hook. (Maracuja do Mato)
Essa espécie faz parte da familia Passifloraceae e popularmente é conhecida como

maracujd-do-mato, maracuja-redondinho e maracuja-redondo, tendo como sinonimia
Passiflora paulensis Killip. Pode ser considerada como uma trepadeira e tem ampla
distribuicdo, com registros de crescimento nos estados do Espirito Santo, Rio de Janeiro, S&o
Paulo e nos trés estados da Regido Sul do pais, nas Florestas Ombréfilas Densa e Mista
(CORADIN; SIMINSKI; REIS, 2011).

O uso atual dessa espécie é local, popular e restrito, devido ao desconhecimento ou
inexisténcia de cultivo. Sua fruta (Figura 5) amadurece entre novembro e abril, tem de 3,5a 4,0
cm, subglobosa, de cor amarelo-palida quando madura e semente obobal e foveolada
(BERNACCI; VITTA, 2003). A polpa é suculenta e abundante, sendo que a casca tem potencial
utilizacdo no preparo de farinhas, a exemplo do maracuja azedo (Passiflora edulis Sims), e a
entrecasca na extracdo de pectina para formulacdo de espessantes (CORADIN; SIMINSKI,;
REIS, 2011; LORENZI; LACERDA; BACHER, 2015).

Figura 5. Fotografia da fruta da Passiflora actinia Hook.
Fonte: http://www.ufrgs.br/fitoecologia/florars/open_sp.php?img=14203

3.2.6 Physalis pubescens L. (Fisalis)
O Physalis pubescens faz parte da familia Solanaceae e popularmente € conhecido por

fisalis, joa-de-capote, joa, tomatinho-de-capucho, tomatinho-de-capote, baldozinho, camapu,
camapum, bucho-de-ra, jua-poca e camard. Tem como sinonimias Physalis pruinosa L. e
Physalis barbadensis Jacq. Se distribui desde a América do Norte até a Argentina e tem ampla

distribuicdo no Brasil, sendo comum em areas abertas e barrancos nos trés estados da Regido
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Sul (CORADIN; SIMINSKI; REIS, 2011).

As frutas sdo bagas globosas do tipo solanidio, com 0,8 a 1,8 cm de didmetro,
biloculares, coloracdo amarelo-alaranjada, sabor doce e levemente &cido, e com muitas
sementes pequenas (Figura 6) (KISSMAN; GROTH, 2000; LORENZI; LACERDA; BACHER,
2015). Sdo comercializados em nichos de supermercados e em feiras de produtos organicos,
com preco médio de aproximadamente R$ 24,00/kg. Como a oferta do produto é pequena, este
se torna caro, dificultando a comercializacdo e a divulgacdo. Além do consumo in natura, a
fruta pode ser cristalizada ou cozida e usada em preparos como conservas, doces, geleias,
licores e sorvetes (CORADIN; SIMINSKI; REIS, 2011; LORENZI; LACERDA; BACHER,
2015).

A fruta também tem aspecto decorativo por ser envolvida por uma membrana (calice
persistente). Pela versatilidade, sabor e forma atraente, sua utilizacdo na cozinha internacional
merece destaque, sendo servida em acompanhamento a chés, cobertas por chocolate e na
confeitaria, demonstrando assim a versatilidade e o grande potencial desta espécie. Além disso,
apresenta uma boa duracdo no pos-colheita e € comercializada protegida pelo proprio calice
(CORADIN; SIMINSKI; REIS, 2011).

P A

s do Physalis pubescens L.
Fonte: http://www.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.

3.2.7 Vasconcellea quercifolia A.St.-Hil. (Jaracatid)
O Jaracatia pertence a familia Caricaceae, sendo conhecido como jaracatia, mamute,

25



mamé&ozinho-do-mato, mamoeiro-do-mato, mamoeirinho, maméozinho ou mamoeiro-bravo.
Tem como sinonimias Carica acuta Heilborn, Carica hastata Brign., Carica lanceolata (A.
DC.) Benth. & Hook. ex Hieron., Papaya lanceolata (A. DC.) Kuntze, Papaya quercifolia (A.
St.-Hil.) Kuntze, Vasconcellea hastata (Brign.) Caruel e Vasconcellea lanceolata A. DC
(CORADIN; SIMINSKI; REIS, 2011). E uma arvore que atinge 4-8 metros de altura e ocorre
nos estados de Minas Gerais, Goias, Rio de Janeiro, Sdo Paulo e nos trés estados da Regido Sul
do Brasil (SANTOS, 1970), além de ja ser cultivada em outros paises, como Espanha e Italia
(CORADIN; SIMINSKI; REIS, 2011).

O seu uso € local e popular, tanto da medula caulinar quanto da fruta, que podem ser
utilizadas, em forma de doces (do caule, conhecido como doce-do-pau, c6co-de-pobre ou pau-
ralado — semelhante a cocada —, e da fruta), cozidas como hortalicas ou salada crua se deixada
de molho (caule) ou in natura, geleias, sucos, licores e sorvetes (fruta) (KINUPP, 2007;
LORENZI; LACERDA; BACHER, 2015). Na regido sul do pais o doce é vendido a R$
33,00/kg.

As frutas amadurecem de outubro a janeiro no Sul do pais e sdo elipsoides ou piriformes,
com aproximadamente 5 cm, alaranjadas quando maduras, glabros e com muitas sementes
(Figura 7) (CORADIN; SIMINSKI; REIS, 2011; LORENZI; LACERDA; BACHER, 2015).

Para 0 uso em particular dessa fruta se destaca a producdo da enzima papaina, a qual o
Brasil importa e € muito utilizada na industria alimenticia e farmacéutica, com producédo
superior a da Carica papaya L. (CORADIN; SIMINSKI; REIS, 2011).

A

Sl B
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Figura 7. Fotografia das frutas e da arvore da Vasconcellea quercifolia A.St.-Hil.
Fonte: http://www.ufrgs.br/fitoecologia/florars/index.php?pag=buscar_mini.php.

3.3 Anélises Fisico-Quimicas

A determinacdo de acidez pode indicar o estado de conservacdo de um produto
alimenticio, uma vez que os processos de decomposicdo (por hidrélise, oxidacdo ou
fermentacdo), alteram quase sempre a concentracdo dos ions de hidrogénio (INSTITUTO
ADOLFO LUTZ, 2008). Os métodos de determinacdo da acidez podem ser os que avaliam a
acidez titulavel ou fornecem a concentracdo de ions de hidrogénio livres, por meio do pH
(INSTITUTO ADOLFO LUTZ, 2008). J& a determinacao de solidos solUveis pode ser estimada
pela medida do indice de refracdo (INSTITUTO ADOLFO LUTZ, 2008).

Os teores de pH, sélidos sollveis totais (SST) e acidez total titulavel (ATT) ja relatados
na literatura para as sete espécies nativas sdo apresentados na Tabela 2. O Acai Jucara
apresentou o maior pH (DA SILVA et al., 2014; INADA et al., 2015), embora contetdos de
SST encontrados tenham variado de 3,0 a 11,6 °Brix (DA SILVA et al., 2014; INADA et al.,

2015). O °Brix das espécies tiveram valores variando de 6,4 a 13,46 °Brix (Tabela 2).

Na anélise da ATT, os valores encontrados para as espécies variaram de 0,35% a 2,20%
para o Butia da Serra (DAL MAGRO et al., 2006; RIGO; BEZZERA; CORDOVA, 2010). O
estudo realizado por Sganzerla (2010) caracterizou os frutos de Butia da Praia e da Serra
determinando a composi¢do nutricional, a presenca de compostos fitoquimicos e a capacidade
antioxidante da polpa. As analises fisico-quimicas de pH, teor de sélidos sollveis e acidez
também sdo apresentadas na Tabela 2.

A relacdo °Brix/Acidez Total (expressa em acido organico) pode ser aplicada para sucos
de frutas integrais e polpas de frutas, e é utilizada como uma indicacdo do grau de maturacao
da matéria prima (INSTITUTO ADOLFO LUTZ, 2008). Pereira et al. (2013), encontraram a
razdo entre SST/ATT de 7,48 para o Butia da Praia, enquanto que EIl Sheikha et al. (2008)

encontraram 11,27+0,11 para a fruta e 7,59+0,49 para o suco do Fisalis.

Tabela 2. Teores de pH, solidos soluveis totais (SST) e acidez total titulavel (ATT) de
espécies nativas da Regido Sul do Brasil

SST ATT N
Fruta pH (Brix) (% Acido citrico) Referéncia
Acai Jucara 5,540,0 3,0 - Inada et al. (2015)

27



SST

ATT

Fruta pH (°Brix) (% 4cido citrico) Referéncia
5,6+0,4 11,6%0,1 - Da Silva et al. (2014)
Butia da Praia 2,45 11 1,92 Sganzerla (2010)
- 10,32+0,0 1,38+0,01 Pereira et al. (2013)
Butia da Serra 2,93 a3,06 6,4a7,7 1,91a2,20 Dal Magro et al. (2006)
2,36 9 1,88 Sganzerla (2010)
3,01 9,25 0,35 Rigo et al. (2010)
Fisalis 3,74+£0,02 (fruta) 13,46+0,05 (fruta) 1,23+0,01 (fruta) El Sheikha et al. (2008)

1,43+0,08 (suco)

3,540,005 (suco)
- 0,36+0,03

10,65+0,10 (suco)
- Schmeda-Hirschmann et

al. (2005)

Mamaéozinho

3.4 Composicao Centesimal

A composicdo centesimal de um alimento corresponde a propor¢do em que cada
constituinte majoritario encontra-se presente em 100 g de produto considerado. Tais constuintes
sdo: umidade, cinzas, lipidios, proteinas, carboidratos e fibras. A partir destes dados, o valor
energético total do alimento também pode ser calculado, usando os fatores de converséo de 4
kcal.g para o contetido de proteina ou carboidrato e 9 kcal.g? para o contetido lipidico. A
revisdo bibliografica da composicao centesimal das sete espécies nativas da Regido Sul do

Brasil incluidas neste estudo estdo apresentadas na Tabela 3.

O Acai Jucara apresentou 66 Kcal.100g™ em base Umida, alto contetdo lipidico e de
fibras (DA SILVA et al., 2014; INADA et al., 2015). Da Silva et al. (2014) encontraram o valor
de 400,0+23,9 Kcal.100g™* em base seca.

O teor de lipideos totais para o Butia da Praia foi elevado (17,81%), se comparado com
frutas normalmente consumidas (FARIA et al., 2008), assim como a polpa de Butia da Praia
apresentou média de 17,93% de lipidios (LOPES et al., 2012). Quanto ao valor energético, 0
Butia da Praia e da Serra apresentaram, respectivamente, 53,21 e 43,30 Kcal.100g%, decorrentes
principalmente do teor de carboidratos (SGANZERLA, 2010).

O Fisélis apresentou valor de 49 Kcal.100g™ em base seca e 16 Kcal.100g™* no suco (EL
SHEIKHA et al., 2008).

A espécie do Mamdozinho obteve o valor de 70,55 Kcal.100g™ em base Umida
(KINUPP, 2007) e pode ser considerada fonte de fibra alimentar por possuir > 3g.100g™* (base
umida) (MENDES, 2015).

Para os valores de umidade, 0 Mamé&ozinho foi a espécie com o mais alto valor (95,0%)
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(Tabela 3).

Tabela 3. Composicédo centesimal de espécies nativas da Regido Sul do Brasil

Umidade

Cinzas

Lipideos

Proteina

Carboidratos

Fibras

Fruta (%) (%) (%) (%) (%) (%) Referéncia
Acai Jucara 51,9+0,3 2,5£0,0 6,910,3 5,0£0,3 85,7+0,4 71,8+0,6 Inada et al.
(2015)
88,7+3,8 B.U 8,8+0,8 29,240,9 6,0+0,3 28,3+3,5 28,3+0,3 Da Silva et al.
(2014)
Butia da Praia 84,99 B.U 4,20 0,73 6,26 80,68 8,13 Sganzerla
(2010)
85,4 B.U 6,16 17,81 2,05 73,97 42,47 (FDN) Faria et al.
26,71 (FDA) (2008)
- - - 4,14 - - Kinupp &
Barros (2008)
82,48+0,06 a - 15,24 a2 20,63 - - - Lopes et al.
86,43+0,06 (2012)
B.U
87,82+0,08 0,25+0,01 0,61+0,02 5,79+0,09 10,55+0,06 4,89+0,04 Pereira et al.
B.U (FDT) (2013)
4,08+0,005
(FIT)
Butid da Serra 84,21 a 86,78 - - - - - Dal Magro et
B.U al. (2006)
88,15 B.U 4,98 1,27 9,03 77,30 7,43 Sganzerla
(2010)
Fisalis - - - 10,35 - - Kinupp &
Barros (2008)
81,34+1,59 5,58+0,52 15,5940,13 13,18+0,97 17,2441,33 5,78+0,21 El Sheikha et
B.U (fruta) (fruta) (fruta) (fruta) (fruta) (fruta) al.(2008)
89,34+0,14 7,01+0,81 1,61+0,27 9,11+0,16
B.U (suco) (suco) (suco) (suco)
Mamaozinho 81,31+0,49 6,96 17,71 16,96 - 20,76 Kinupp (2007)
B.U
95,00 B.U 52 22,83 22,2 24,8 25 Schmeda-
Hirschmann et
al. (2005)

Resultados expressos em base seca, exceto quando especificado. B.U: base Umida; FDA: fibra detergente &cido;
FDN: fibra detergente neutro; FDT: fibra dietética total; FIT: fibra insoltvel total.

3.5 Vitaminas

As vitaminas sdo substancias organicas essenciais ao metabolismo dos seres humanos,

sendo a presenca destas na dieta recomendada. Além disso, as vitaminas A, C e E, assim como

carotenoides e compostos fenolicos, agem como antioxidantes naturais e podem efetivamente

eliminar radicais livres (ZANG et al., 2017). Os resultados encontrados para estas vitaminas

nas espécies nativas incluidas neste trabalho sdo apresentados na Tabela 4.

Para Inada et al. (2015), o Acai Jucara pode ser considerado fonte de vitaminas A e E.
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Quando comparado com outras frutas da Mata Atlantica (Uvaia, Aracd e Grumixama), o valor
da atividade de vitamina A do Acai foi 0 segundo mais elevado (DA SILVA et al., 2014).

Segundo Faria et al. (2008), a concentracdo de fibras, pré-vitamina A, vitamina C e
potassio confere potencial a polpa de Butia da Praia no uso como complemento alimentar de
populacdes locais. O valor de Equivalente de Atividade de Retinol (RAE) é semelhante aos
valores encontrados para frutas convencionalmente consumidas e consideradas ricas em
carotendide pro-vitamina A, como a manga (60-215 RAE.100g™?) e a acerola (42-225
RAE.100g7) (FARIA et al., 2008).

O conteudo de &cido ascorbico do Butia da Serra foi aproximadamente 73 vezes maior
que outras espécies nativas estudas, como o araca e a pitanga (DENARDIN et al., 2015). Ja
sobre o fruto do fisalis, estudo anterior reportou altos niveis de niacina (vitamina B3) (EL
SHEIKHA et al., 2010).

Tabela 4. Conteudo de vitaminas de espécies nativas da Regido Sul do Brasil

Fruta Vitamina A Vitamina C Vitamina E Referéncia
(Mg RAE.100g™h) (mg.100g™) (mg.100g™)
Acai Jugara 7 5,2 B-tocoferol: 0,03+0,00 Inada et al. (2015)
a-tocoferol: 0,59+0,06
y-tocoferol: 0,06+0,00
246,02 - - Da Silva et al. (2014)
Butia da Praia - 23,86 d-tocoferol: 0,066 Sganzerla (2010)
y+p-tocoferol: 0,361
Total: 0,426
146,2 53,0+18 - Faria et al. (2008)
- 32 - Pereira et al. (2013)
Butia da Serra - 17,61a70,44 - Dal Magro et al. (2006)
- 21,34 d-tocoferol: 0,053 Sganzerla (2010)
y+p-tocoferol: 0,099
Total: 0,152
- 9,351+0,06 - Denardin et al. (2015)

Fisalis

212,65 (fruta)
363,70 (suco)

El Sheikha et al. (2008)

Resultados expressos em base seca, exceto quando especificado. RAE: Equivalente de atividade de retinol (do
inglés retinol activity equivalent).

3.6 Minerais

Embora apresentem-se, geralmente, em baixas quantidades relativas, 0s minerais
desempenham funcgdes vitais nos organismos vivos e devem ser ingeridos pelos seres humanos

na dieta. Os valores encontrados nas sete espécies nativas priorizadas para a Regido Sul do
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Brasil para esses elementos sdo apresentados na Tabela 5.

Foram quantificados nos frutos de Jugara quatorze minerais, sendo a polpa a parte
comestivel que apresentou os maiores contetidos (INADA et al., 2015). Os autores concluem

ainda que o Acai Jucara pode ser considerado fonte de Mn e Cu (INADA et al., 2015).

O teor de potassio (K) na polpa do Butié da Praia foi maior do que no abacate (em média
206 mg.100gY) e na banana (em média 300 mg.100g™), que séo consideradas frutas ricas nesse
mineral (FARIA et al., 2008; KINUPP; BARROS, 2008; NUCLEO DE ESTUDOS E
PESQUISAS EM ALIMENTACAO, 2011; PEREIRA et al., 2014). Ainda, o estudo de Pereira
et al. (2014), encontrou predominancia de célcio (Ca) nesta espécie.

Cabe destacar também os teores consideraveis de fosforo (P) nos fisalis nativos
(KINUPP; BARROS, 2008). O fruto fisalis, bem como o seu suco, sdo fontes nutritivas,

contendo particularmente altos niveis de minerais (EL SHEIKHA et al., 2010).

O Maméozinho também se destaca pelo contetido de ferro (Fe) (média 1,8 mg.100g™
em base Umida) e Ca (média 89,5 mg.100g™* em base Umida) quando comparado a outras
espécies nativas da biodiversidade brasileira (KINUPP, 2007; MENDES, 2015). Além disso, 0
teor de Ca é maior que de frutas muito adquiridas como banana prata, laranja, péra e maméo,

assim como o teor de Mg de seu correspondente comumente adquirido (MENDES, 2015).

Tabela 5. Conteudo de minerais de espécies nativas da Regido Sul do Brasil

Fruta Minerais (mg.100g) Referéncia
Acai Jucara  Ca: 63,8+3,3 Mn: 2,8+0,9 Inada et al. (2015)
Cd: 0,0011,1+0,0002 Na: 21,8+2,5
Co: 0,0136+0,0019 Ni: 0,5+0,0
Cu: 0,3+0,0 P:69,2+12,2
Fe: 1,67+0,4 S: 26,9429
K: 361,0+42,0 Se: 0,001+0,0001
Mg: 32,1+4,2 Zn: 0,640,1
Butid da Praia  Al: <18 Mn: <18 Faria et al. (2008)
Ca: 16,8 Na: <18
Fe: <18 P:19,9
K: 462,4 S: 7,3
Mg: 12,5 Zn: <18
B:1,4 Mn: 2,2 Kinupp & Barros (2008)
Ca: 90 Na: 15,4
Cu: 0,6 P: 120
Fe: 3,3 S: 160
K: 1800 Zn: 0,8
Mg: 80
Al: 2,12 In: ndo detectado Pereira et al. (2014)
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Ba: 0,03 K: 811,34

Bi: 0,04 Mg: 56,96
Ca: 44,02 Mn: 3,05
Cd: 0,01 Na: 8,84
Co: 0,01 Ni: 0,50
Cr: 0,12 Pb: ndo detectado
Cu: 1,15 Sr: 1,00
Fe: 1,61 TI: ndo detectado
Ga: 0,06 Zn: 3,89
Fisalis B: 0,4 Mn: 0,8 Kinupp & Barros (2008)

Ca: 50,0 Na: 10,4
Cu: 1,0 P: 340
Fe: 4,8 S: 140
K: 2300 Zn: 2,0
Mg: 160
Suco Mg: 19 El Sheikha et al. (2008)
B:1 Mn: 0,6
Ca: 70 Na: 35
Cu:l5 P: 578
Fe:1,2 Zn: 2,4
K: 1196

Mamadozinho B:2,4 Mn: 1,4 Kinupp (2007)
Ca: 480 N: 4000
Cu: 0,6 Na: 6,5
Fe: 5,8 P: 570
K: 4000 S: 440
Mg: 470 Zn: 2,1
Ca: 115 Na: 11 Schmeda-Hirschmann et al. (2005)
Fe: traco P: 445
K: 240

Resultados expressos em base seca.

3.7 Compostos Bioativos

3.7.1 Carotenoides
Os carotenoides sdo compostos lipofilicos amplamente distribuidos na natureza,

presentes em alimentos de origem vegetal. Apresentam propriedades benéficas importantes
para a saude humana, como a atividade antioxidante pela capacidade em desativar ou inativar
espécies reativas de oxigénio (em especial 0 oxigénio singlete) e pela capacidade de atuar como
precursor da vitamina A (p ¢ a-caroteno, -criptoxantina, etc). Mais de 700 estruturas ja foram
identificadas, mas os carotenoides de ocorréncia comum sdo: [-caroteno, P-criptoxantina,
Luteina, Zeaxantina, Neoxantina, Capsantina, Violaxantina, Bixina e Licopeno (SRINIVASAN
DAMODARAN, KIRK L. PARKIN, 2010).

Os teores de carotenoides encontrados na literatura para as frutas incluidas neste estudo

estdo descritos na Tabela 6.
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O conteudo de carotenoides totais foi alto para o Agai Jucara, sendo que 13 tipos foram
separados utilizando-se Cromatografia Liquida de Alta Eficiéncia (CLAE) com coluna Czo (DA
SILVA et al., 2014). O all-trans-luteina foi o principal carotenoide (39%, m/m) seguido por
todos os all-trans-f-Caroteno (36%, m/m). Além disso, o teor de carotenoides totais encontrado
por Da Silva et al. (2014) foi 2,6 vezes menor do que o encontrado anteriormente em outro
estudo realizado em Santa Catarina (1900 pg.100g™* de matéria fresca) (RUFINO et al., 2010).

Inada et al. (2015) identificaram apenas o -caroteno na polpa desta fruta.

A presenca de carotenoides em V. quercifolia, detectada por cromatografia de camada
delgada, desperta atencdo com respeito a sua capacidade antioxidante e 0s autores sugerem, em
estudos futuros, diferenciar aqueles com atividade pro-vitaminica A (FERREIRA, 2015).

O fruto do fisalis também contém altos niveis de carotenoides (EL SHEIKHA et al.,
2010).

Tabela 6. Conteudo de carotenoides em espécies nativas da Regido Sul do Brasil

Fruta Carotenoides (ng.g?) Referéncia
Acai Jucara [-caroteno: 0,86+0,12 Inada et al. (2015)
Carotenoides totais: 65,26 Da Silva et al. (2014)

Luteina: 25,90
[-caroteno: 23,58
B-criptoxantina: ndo detectado
a-caroteno: 5,32
Zeaxantina: 0,47
Butia da Praia Carotenoides totais: 14,80 Sganzerla (2010)
[-caroteno: 19,50
B-criptoxantina: 183,90
Licopeno: 0
Luteina + Zeaxantina: 0,07
Carotenoides totais: 39,77+4,16 Pereira et al. (2013)
a-caroteno: ndo detectado
[-caroteno: 21,67+3,07
9-cis-p-caroteno: 10,17+0,74
Criptoxantina: 0,24+0,03
13-cis-p-caroteno: 1,99+0,19
Luteina: 4,68+0,51
Zeaxantina: 0,099+0,01
5,6-Epoxy-p-caroteno: 0,92+0,11
Butia da Serra Carotenoides totais: 17,27 Sganzerla (2010)
j-caroteno: 0,13
B-criptoxantina: 263,42
Licopeno: 0,133
Luteina + Zeaxantina: 1,19
Carotenoides totais: 3,85+0,74 B.U Denardin et al. (2015)
Fisalis Carotenoides totais: 69,55+0,70 El Sheikha et al. (2008)

Resultados expressos em base seca, exceto quando especificado. B.U: base Umida.
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3.7.2 Antocianinas
As antocianinas ou compostos antocianicos pertencem ao grupo dos flavonoides e sdo

responsaveis por uma ampla gama de cores nas plantas como o azul, o roxo, violeta, magenta,
vermelho e laranja (SRINIVASAN DAMODARAN, KIRK L. PARKIN, 2010). Mais de 400
antocianinas ja foram descritas em outras frutas e hortalicas, sendo as mais comuns:
pelargonidina, cianidina, delfinidina, peonidina, petunidina e malvidina (SRINIVASAN
DAMODARAN, KIRK L. PARKIN, 2010).

Foram encontrados na literatura teores de antocianinas apenas para trés espécies

incluidas neste trabalho (Butias e Acai Jucara), que sdo apresentados na Tabela 7.

Onze compostos fenolicos foram determinados no Acai Jucara, dos quais predominaram
formas sollveis, sendo as antocianinas os fendlicos mais abundantes (INADA et al., 2015).

A Cianidina-3-O-rutinosideo foi a antocianina mais abundante encontrada na polpa de
Jucara (70%), seguido por cianidina-3-glicosideo (24%). Esta espécie ainda apresentou niveis
elevados de compostos fendlicos 415 mg gallic acid equivalents (GAE).100g™! em base Umida,
com separacdo de sete antocianinas, particularmente (cianidina-3-glicosideo e cianidina-3-
rutinosideo) (DA SILVA et al., 2014).

O estudo de Sganzerla (2010) identificou e quantificou as antocianinas por analise
cromatografica, nos Butias da Praia e da Serra, encontrando resultados diferentes entre as duas
espécies.

Tabela 7. Conteido de antocianinas em sete espécies nativas da Regido Sul do Brasil

Fruta Antocianinas (mg.100g?) Referéncia
Acai Jucara Cianidina 3-O-glicosideo: 61+1 Inada et al. (2015)
Cianidina 3-O-rutinosideo: 195+20
Cianidina 3,5-hexose pentose: 1,43+0,05 Da Silva et al. (2014)

Cianidina 3-glicosideo: 47,93+1,52
Cianidina 3-rutinosideo: 179,60+5,77
Pelargonidina 3-glicosideo: 1,66+0,05
Pelargonidina 3-rutinosideo: 2,87+0,09
Peonidina 3-rutinosideo: 3,59+0,11
Cianidina 3-rhamnosideo: 0,30+0,01
Antocianinas monoméricas: 239,16 + 7,6
Antocianinas totais: 91,52 a 236,19 Bicudo, Ribani & Beta (2014)
Cianidina 3,5-diglicosideo: 0,11 a 0,33
Cianidina 3-glicosideo: 29,09 a 108,97
Cianidina 3-rutinosideo: 42,77 a 137,27
Pelargonidina 3-rutinosideo: 0,04 a 0,07
Peonidina 3-glicosideo: 0,33 a 1,27
Peonidina 3-rutinosideo: 0,47 a 0,83
Butia da Praia Antocianinas totais: 2,20 Sganzerla (2010)
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Keracianina: 6,890
Kuromanina: 0,493
Butia da Serra Antocianinas totais: 0,73 Sganzerla (2010)
Keracianina: 0
Kuromanina: 0,054
Resultados expressos em base seca.

Ainda dentre os flavonoides, os compostos ndo antocianicos também fazem parte deste
grupo, como flavanona, flavonondis ou di-hidroflavonol e flavan-3,4-didis (proantocianidina)
(SRINIVASAN DAMODARAN, KIRK L. PARKIN, 2010). Além disso, cinco outros
compostos sdo incluidos neste grupo mesmo sem ter o esqueleto basico flavonoide, como € o
caso da di-hidrochalconas, chalconas, isoflavonas, neoflavonas e auronas (SRINIVASAN
DAMODARAN, KIRK L. PARKIN, 2010). Estes compostos sdo responsaveis pelas cores
brancas ou amarelas e seus produtos de oxidacdo que contém um grupamento fendlico
contribuem para as cores marrons e pretas encontradas na natureza (SRINIVASAN
DAMODARAN, KIRK L. PARKIN, 2010).

Os flavonoides encontrados nas espécies nativas incluidas neste trabalho séo

apresentados na Tabela 8.

Denardin et al. (2015) identificaram quercetina (Quercetina-3-glicosideo) na espécie de

Butia da Serra, embora ndo tenham quantificado este composto.

Fitoquimicamente, 0 Mamaozinho apresentou os compostos fendlicos manghaslina e
rutina (flavonoides derivados da quercetina); assim como glicosideos cianogénicos e
glicosinolatos. Embora nédo tenham sido quantificados, suas caracteristicas nutracéuticas sao de
grande valor (FERREIRA, 2015).

Tabela 8. Conteudo de flavonoides em espécies nativas da Regido Sul do Brasil

Fruta Flavonoides (mg.100g™) Referéncia
Butia da Praia  Epicatequina: 9,69 Sganzerla (2010)
Quercetina: 1,44
Butid da Serra  Epicatequina: 8,97 Sganzerla (2010)
Quercetina: 1,98
Quercetina-3-b-D-glicosideo Denardin et al. (2015)
Fisélis Miricetina: 0,104 pg.100 mL™ do suco El Sheikha et al. (2008)

Rutina: 0,449 pg.100 mL* do suco
Quercetina e Kaempferol: ndo detectados
Maméozinho  Principais compostos fendlicos: quercetina diglicosideo rutina (derivado da Quispe et al. (2013)
guerecitina) e o triglicosideo manghaslina (derivado triglicosilado da quercitina).
Flavondides menores foram identificados: kaempferol, quercetina, isorhamnetina
e metoxicimicetina glicosideos.

Resultados expressos em base seca.
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3.7.3 Compostos Fendlicos Nao-Antocianicos
Os &cidos fendlicos formam um grupo diversificado que inclui os acidos benzoicos e

derivados (hidroxibenzoico, galico, elagico, etc.) e os acidos cindmicos e derivados (cumarico,
caféico, ferdlico, clorogénico, etc.) (SRINIVASAN DAMODARAN, KIRK L. PARKIN,
2010).

Os &cidos fendlicos encontrados na literatura para as espécies estudas neste trabalho sdo

apresentados na Tabela 9.

A andlise dos acidos fendlicos no Acai Jucara por HPLC-MS/MS indicou a presenca
dos &cidos galico, protocateico, p-hidroxibenzdico, vanilico, clorogénico, caféico, sinérgico, p-
cumarico, sinapinico e feralico, com valores que variaram conforme o periodo da colheita
(BICUDO; RIBANI; BETA, 2014).

Tabela 9. Conteudo de &cidos fenolicos em espécies nativas da Regido Sul do Brasil

Acidos fendlicos Acido Fendlico (mg.100g™) Referéncia
Acai Jucara Gélico: 3,8+0,0 Inada et al. (2015)

3,4-dihidroxidobenzoico: ndo detectado
4-hidroxibenz6ico: ndo detectado
trans-cindmico: ndo detectado
m-cumadrico: 0,03+0,01
4-hidroxifenilacético: 2,9+0,3
Total: 30,95 a 44,27 Bicudo, Ribani & Beta (2014)
Galico: 0,31 20,98
Protocateico: 2,54 a 3,80
p-hidroxibenzoico: 6,47 a 14,75
Vanilico: 2,66 a 3,97
Clorogénico: 1,31 a 2,51
Caféico: 0,21 a 0,85
Sinérgico: 4,70 a 9,84
p-cumarico: 1,03 a 3,11
Sinapinico: 2,44 a 3,22
Ferdlico: 3,54 a 5,92

Butia da Praia Galico: 85,98 Sganzerla (2010)
p-hidroxibenzoéico: 54,18
Ferdlico: 0,44

Butia da Serra Galico: 51,43 Sganzerla (2010)
p-hidroxibenzoico: 25,58
Ferdlico: 0,75

Fisalis Acido tanico: 125,04+0,56 (fruta) e El Sheikha et al. (2008)

116,57+0,76 (suco)

1g.100 mL* do suco
Protocateico: 0,932
p-hidroxibenzoéico: 0,561
Clorogénico: 2,086
Vanilico: 2,727

36



Acidos fendlicos Acido Fendlico (mg.100g™?) Referéncia
p-cumarico: 5,368
Ferdlico: 10,036
Salicilico: 7,341
Cumérico 0,176

Pirogalico, Hidroquinona, Galico,
Resorcinol, Acido orto-cumérico, Acido
cinamico: ndo detectados

3.8 Capacidade Antioxidante

Os radicais livres sdo normalmente produzidos como um subproduto do metabolismo
celular (LI etal., 2016). As classes mais importantes das espécies radicais geradas nos sistemas
Vivos sdo espécies reativas de oxigénio e nitrogénio (ROS e RNS), cuja producdo excessiva
pode desempenhar um papel fundamental em muitas doengas cronicas humanas, incluindo
aterosclerose, diabetes mellitus, cancer, artrite reumatdide, catarata e doenca de Parkinson
(HALLIWELL; GUTTERIDGE, 1990). Isso acontece porgue, quando em excesso, as ROS e
RNS promovem estresse oxidativo no corpo, reagindo com componentes estaveis (lipidios,
proteinas e DNA), o que pode resultar em dano a enzimas e a0 DNA, bem como oxidacdo de
lipidos e proteinas (HALLIWELL, 2015).

Produtos de origem vegetal, como as frutas, sdo ricas fontes de compostos bioativos
que, por sua vez, sdo potencialmente antioxidantes e com efeitos benéficos para a salde
(KALAYCIOGLU; ERIM, 2017). Por isso, seu consumo regular tem sido amplamente
recomendado (SERAGLIO et al., 2018).

A avaliacdo da capacidade antioxidante in vitro € realizada por meio de reacdes
quimicas para determinar a capacidade da amostra de reagir com estruturas reativas, sendo elas
radicais livres presentes ou ndo no organismo (MAGALHAES et al., 2008). No ensaio ABTS,
por exemplo, ocorre a captura do radical 2,2"- azinobis (3-etilbenzotiazolina-6-acido sulfonico)
que € um dos mais utilizados para medir a capacidade antioxidante de compostos de natureza
hidrofilica e lipofilica com absorbancia em 734 nm (KUSKOSKI et al., 2005; RUFINO et al.,
2007). J& 0 método DPPH é baseado na captura do radical DPPH (2,2-difenil-1- picril-hidrazil)
por antioxidantes, produzindo um decréscimo da absorbancia a 515 nm, que pode implicar em
interferéncias quando aplicado a antocianinas e carotenoides (RUFINO et al., 2007). Apesar da

diferenca dos metodos, estudos relatam uma forte correlacéo positiva entre os ensaios ABTS e
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DPPH (DUDONNE et al., 2009; FLOEGEL et al., 2010). No entanto, as determinacdes
realizadas in vitro nos ddo apenas uma ideia aproximada do que acontece em situagcdes
complexas in vivo (KUSKOSKI et al., 2005).

Ja para a avaliacdo da capacidade antioxidante in vivo, 0 uso do nematoide
Caenorhabditis elegans, estd se consolidando pelas inUmeras vantagens que apresenta, tais
como: facilidade de manipulacéo, curto ciclo de vida (cerca de 20 dias), alta reprodutibilidade
e genoma totalmente sequenciado, no qual apresenta uma alta homologia aos mamiferos,
sistema nervoso relativamente simples e sua eficacia em simular diferentes patologias em nivel
molecular, em especial o efeito das ROS (MIRANDA-VIZUETE; VEAL, 2017).

Apesar da dificuldade em se comparar a capacidade antioxidante das espécies, uma vez
que os estudos utilizam diferentes métodos de analise, além de expressarem os resultados de
maneiras distintas, sem uma padronizacdo, os estudos que apresentaram a capacidade
antioxidante de algumas das sete espécies incluidas no presente trabalho sdo apresentados na
Tabela 10.

Dentre os resultados, a capacidade antioxidante da polpa de Jucara destacou-se
independentemente do ensaio utilizado (INADA et al., 2015). Houve também uma correlacéo
positiva entre estes valores e compostos fenolicos totais, indicando que esses sdo 0s principais
contribuintes para a capacidade antioxidante (INADA et al., 2015).

A capacidade antioxidante do Butia da Praia foi maior quando comparada a outras frutas
nativas brasileiras, como o araticum-do-mato (6,74 vezes) e mandacaru-de-trés-quinas (1,32
vezes) pelo método ABTS (PEREIRA et al., 2013). O estudo de Sganzerla (2010), comparou
as duas espécies de Butia quanto a diversos parametros, incluindo a capacidade antioxidante, e

encontrou resultados semelhantes para ambos.

Tabela 10. Capacidade antioxidante de espécies nativas da Regido Sul do Brasil

Fruta Capacidade Antioxidante Método Referéncia

Acai Jugara  1,2+0,1 g GAE.100g™* Folin—Ciocalteu Inada et al. (2015)
15,9+0,3 mmol Fe?*.100g™* FRAP
33,6+0,9 mmol Trolox.100g™* ORAC
14,3+0,8 mmol Trolox.100g™* TEAC
655,89 a 745,32 pmol Trolox.g* DPPH Bicudo, Ribani & Beta
1088,10 a 2071,55 umol Trolox.g* ORAC (2014)

Butia da Praia 211,92 mg de Trolox.100g™* DPPH Sganzerla (2010)

25,96+0,07 M equivalente de Trolox.g™ B.U ABTS Pereira et al. (2013)
3847,54+468,28 g amostra fresca.g* DPPH DPPH
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Fruta Capacidade Antioxidante Método Referéncia

Butia da Serra 237,22 mg de Trolox.100g™* DPPH Sganzerla (2010)
253,80+25,4 ICso mg fruta fresca.L™* do extrato DPPH Denardin et al. (2015)
9,32+0,9 umol FeS04-7H,0.g* B.U FRAP
25,73+0,23 area sob a curva TRAP
72,05+0,01 (lo/1) TAR

Mamaozinho  15+2 e 13+2 DPPH Schmeda-Hirschmann et

al. (2005)

DPPH: hidrato de 2,2-difenil-2-picril-hidrazila; FRAP: poder antioxidante redutor de ferro; GAE: equivalentes de
acido galico; TAR: reatividade antioxidante total; TEAC: capacidade antioxidante equivalente a Trolox; TRAP:
potencial antioxidante reativo total; ORAC: capacidade antioxidante de radicais de oxigénio.

N&o foram encontrados estudos sobre a composicao especifica das espécies Passiflora
actinia Hook. e Opuntia elata Salm-Dyck.

3.9 Producdo de frutas, desperdicio, pds-colheita e manutencéo da qualidade

O Brasil é 0 3° maior produtor de frutas no mundo, ficando atras apenas da China e da
india (CHITARRA; CHITARRA, 2005). Apesar da alta producio, o pais aparece em 10° lugar
no ranking de consumo, com per capita de 57 kg ao ano (ou 160 g por dia) (CHITARRA,
CHITARRA, 2005), valor abaixo do recomendado pela Organizacdo Muncial da Saude, que é
de 400 g por dia de frutas e vegetais (WHO, 2003).

Nos ultimos anos, embora a producdo tenha aumentado, a qualidade das frutas
produzidas ndo é adequada (CHITARRA; CHITARRA, 2005). Um dos grandes desafios
enfrentados pelos produtores envolve perdas pds-colheita, que atingem até 50% do volume
produzido para alguns produtos. As perdas podem ocorrer em todas as etapas da cadeia
produtiva, e estimativas apontam que 10% ocorra ainda na colheita, 50% durante o transporte
e manuseio, 30% na centrais de abastecimento e 10% em mercados ou pelos consumidores
(FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, 2011;
PORAT et al., 2018). As perdas no campo geralmente ocorrem por técnicas de pds-colheita ou
armazenamento inadequados. J& no manuseio e transporte, as causas sao pelo processamento
ou embalagem inadequada ou pelo sistema de transporte e distribuicdo deficiente ou, ainda,
pela auséncia da cadeia de frio (CHITARRA; CHITARRA, 2005).

As alteracGes que ocorrem no produto apos a colheita que depreciam a qualidade e
impedem seu consumo podem ser classificadas quanto ao tipo em qualitativas (sabor, aroma,

textura, aparéncia, valor nutricional) ou quantitativas (reducéo no peso) e; quanto as causas em
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intrinsecas (respiragdo, amadurecimento, senescéncia, brotamento, transpiragédo) ou extrinsecas
(dano mecanico, doencas e pragas, temperatura, umidade relativa, etileno, contaminacoes)
(CHITARRA; CHITARRA, 2005). As principais causas apontadas para o grande percentual de
perdas na pds-colheita sdo a deficiéncia de recursos humanos qualificados; o uso de tecnologias
inadequadas do plantio ao armazenamento; o descuido no manuseio dos produtos; o ataque de
pragas e doencas e; a deficiéncia da infraestrutura para o atendimento das necessidades do setor
agricola (CHITARRA; CHITARRA, 2005; FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS, 2013).

As perdas séo especialmente relacionadas com produtos altamente pereciveis como as
frutas e as hortalicas (ERIKSSON; STRID; HANSSON, 2016; PORAT et al., 2018). Por
apresentarem atividade metabdlica elevada, especialmente apds a colheita, produzindo
processos de deterioracdo, as frutas se enquadram nesta classificacdo (CHITARRA,;
CHITARRA, 2005). A reducdo das perdas e do desperdicio nesses grupos de alimentos, em
especial, é essencial pela importancia que ambos tém para a nutricdo humana, contendo
vitaminas, minerais, fibras e outros nutrientes, além de ter impactos ambientais, econdmicos e
sociais (PORAT et al., 2018). Um conjunto de atributos de qualidade podem determinar o grau
de aceitacdo pelo consumidor e incluem, dentre outros, aparéncia (tamanho, forma, peso, cor,
defeito); textura (firmeza, suculéncia, granulosidade, fibrosidade); sabor (aroma e gosto -
docura, acidez, adstringéncia, aroma); valor nutritivo (lipidios, vitaminas, minerais, fibras,
carboidratos) e seguranca (residuos de defensivos,contamina¢fes microbianas). Com o

manuseio cuidadoso e a aplicacdo de tecnologias adequadas € possivel manter sua qualidade.

Técnicas como o armazenamento a frio (principal método para retardar ou reduzir a
deterioracédo de frutas e vegetais) e, de forma complementar, o uso da atmosfera modificada ou
controlada sdo essenciais para a manutencdo da qualidade de frutas (USALL et al., 2016). Na
atmosfera modificada, a composicdo do gas atmosférico é diferente do normal, incluindo
aumento do dioxido de carbono (CO2), reducdo do oxigénio (O2) ou ambos, o que afeta a
fisiologia da fruta, prolongando a vida pds-colheita (USALL et al.,, 2016). Apesar dos
tratamentos fisicos disponiveis, o uso comercial deles é limitado em relagdo ao mercado em
potencial (USALL et al., 2016).

A conservagdo pos-colheita de frutas e hortaligas tem efeitos em diversos setores da

sociedade, como: custos ao consumidor, lucro do produtor, possibilidade de aumento nas
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exportaces de produtos frescos, modernizagdo da logistica de transportes, investimento em
treinamentos e pesquisas, além da preservacdo do meio ambiente. A exploracdo pelo mercado
de frutas nativas com o apelo de produto saudavel e limpo, destinado para uma populacao
urbana cada vez mais preocupada com a saude, faz com que cresca a pesquisa de algumas
espécies que até 0 momento tém sido pouco estudadas, como o butiazeiro (MEGGUER, 2006).
Com colheita geralmente manual e vida pos-colheita curta (DA SILVA; SCARIOT, 2013), a
producdo comercial pode ser ampliada, possuindo grande potencial de geracdo de renda
(HOFFMANN et al., 2014).

Neste contexto, estudos que abordem o metabolismo respiratério ou efeitos da
refrigeracdo e modificacdo ou controle de gases podem propiciar maior vida de prateleira com
manutencdo da qualidade de alguns produtos (CHITARRA; CHITARRA, 2005). Assim, a
adocdo de tecnologias que reduzam as perdas pds-colheita e agreguem valor aos produtos
podem permitir que um maior nimero de pessoas tenha acesso a esses alimentos, estimulando

especialmente o consumo de frutas in natura.

Com base nestas informagoes, nota-se a grande potencialidade nutricional e comercial
destas espécies nativas da Regiao Sul, o que reflete na importancia do estimulo ao seu consumo
e valorizagcdo. Além disso, tabelas de composicdo fornecem médias representativas mas 0s
alimentos individualmente podem variar muito em relacdo a esses valores, especialmente por

influéncia da sua localizacao.
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CAPITULO 4

4 MATERIAIS E METODOS

4.1 Espécies Selecionadas

Dentre as 16 espécies nativas da Regido Sul do Brasil priorizadas pelo Projeto BFN e
contempladas na iniciativa “Plantas para o Futuro — Regido Sul”, sete frutas foram analisadas:
Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex Drude) Becc., Euterpe edulis
Mart., Opuntia elata Salm-Dyck, Passiflora actinia Hook., Physalis spp. e Vasconcellea

quercifolia A.St.-Hil.. As familias, nomes cientificos e populares estdo descritos na Tabela 11:

Tabela 11. Sete espécies vegetais priorizadas pelo Projeto BFN para a regido Sul do Brasil que

foram analisadas

Espécie (nome

cientifico) Familia Nome(s) popular(es)
Butia catarinensis Arecaceae Buti4, butid cabecudo, butiazeiro, coquinho azedo, coco
Noblick & Lorenzi cabec¢udo, coquinho, butia da praia, cabecudo, aricuri, alicuri,
nicuri, ouricuri, coco coronata, coco babdo
Butia eriospatha (Mart. Arecaceae Butia da serra, butia serrano, butiazeiro serrano,
ex Drude) Becc. butia vermelho, butia peludo
Euterpe edulis Mart. Arecaceae Jucara, palmito, palmito jucara, ripeiro, acai da mata atlantica
Opuntia elata Salm- Cactaceae Arumbeva, arumbeba, palma, palmatdria, palmado espinilho,
Dyck figo da india verde, figo da india
Passiflora actinia Hook. Passifloraceae ~ Maracuja do mato, maracuja silvestre, maracuja redondinho
Physalis pubescens L. Solanaceae Fisalis, joa de capote, jua de capote, tomate de capote, canapu,
camapu, bucho de ra, bate testa, judpoca, jod poca, golden
berry (inglés)
Vasconcellea quercifolia Caricaceae Jaracatia, maméozinho, mamoeiro do mato, mamute, maméo
A.St.-Hil. brabo, figo de indio, coco de pobre

Por se tratarem de espécies nativas, foi obtida a “Autorizacdo de Acesso e de Remessa
de Componente do Patrimbnio Genético” junto ao Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq), nos termos da Deliberagdo 246/2009, do Conselho de Gestado
do Patrimbnio Genético, autorizando o acesso e a remessa de componentes do Patrimonio
Genético com a finalidade de pesquisa cientifica (protocolo nimero n° 010813/2015-2).
Posteriormente, a pesquisa também foi cadastrada no Sistema Nacional de Gestdo do
Patrimdnio Genético e do Conhecimento Tradicional Associado (SisGen), em atendimento ao
previsto na Lei n® 13.123/2015 e seus regulamentos (Cadastro n°® A53C7B9).
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4.2 Coleta da Mateéria-Prima, Preparo e Armazenamento

Ao considerar que diferentes localidades (posi¢cGes geograficas) interferem na
composicdo quimica das frutas e que esta sofre alteracdes devido ao tipo de solo, clima,
insolacdo, temperatura média anual da regido, adubacdo, quantidade de agua, grau de
domesticacdo da planta e indice pluviométrico, foram coletadas pelo menos duas amostras de
regibes diferentes para cada espécie nativa da Regido Sul do Brasil (englobando coletas nos
estados do Rio Grande do Sul, Santa Catarina e Parana), totalizando 21 amostras, conforme
Tabela 12. Além da coleta em regides diferentes, as amostras foram coletadas em mais de um
ponto da cidade, com no minimo 3 lotes em diferentes arvores/plantas. Para a realizacdo do
estudo sobre pos colheita do Butia da Praia uma nova coleta foi realizada em Torres/RS
(29°18'52.20"S e 49°45'36.19"W) em fevereiro de 2019.

As frutas foram adquiridas em feiras, mercados ou diretamente com 0s produtores rurais
e foram colhidas apds serem devidamente identificadas e a espécie botanica confirmada por
bidlogo especialista. As exsicatas foram coletadas e depositadas no herbario do Instituto de
Biociéncias/UFRGS.

Durante a coleta/compra das amostras, foram observados e documentados os seguintes
parametros: nome comum e cientifico - espécie botanica, variedade e cultivar (se houvesse);
data de coleta/compra; local de coleta/compra - municipio, mercado/loja/produtor; quantidade
adquirida (kg); grau de maturacdo; local de cultivo (com coordenadas geograficas) e data de
colheita pelo produtor/extrativista. Todas as amostras coletadas estavam visualmente em
estagio de maturacdo completa, o que foi posteriormente cuidadosamente confirmado pelo
°Brix.

Apbs a coleta, as amostras foram transportadas sob refrigeracdo até o Laboratério de
Compostos Bioativos do Instituto de Ciéncia e Tecnologia de Alimentos da UFRGS
(ICTA/UFRGS), em Porto Alegre/RS, identificadas, selecionadas visualmente, lavadas em
dgua corrente e sanitizadas por imersdo em solucéo clorada (200 mg.L™* por 15 min), com
posterior enxague em agua corrente para remocao do cloro residual seguindo os procedimentos
de higienizacdo dos alimentos hortifrutigranjeiros da Portaria n® 78/2009 (SECRETARIA DA
SAUDE DO ESTADO DO RIO GRANDE DO SUL, 2009).

Procedeu-se entdo ao processamento das amostras para obtencao da parte comestivel: a

Arumbeva, o Fisalis e o Jaracatia foram analisados de forma integral (casca, polpa e sementes);
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para 0 Acai Jucara e os Butias, foram selecionadas a casca e a polpa, retirando-se o carogo; e
para 0 Maracuja a polpa e as sementes foram selecionadas, retirando-se a casca.

As amostras foram entéo despolpadas (quando aplicavel) (DES-20, Braesi®, Caxias do
Sul, RS, Brasil), homogeneizadas em processador de alimentos e acondicionadas em freezer a
-80 °C para liofilizagdo (L101, Liotop®, S&o Carlos, SP, Brasil). Apds serem liofilizadas, as
amostras foram maceradas com gral e pistilo até a formacdo de um p6, homogeneizadas e
acondicionadas em embalagens plasticas a vacuo (F200 flash, Fastvac®, Santo André, SP,
Brasil) e armazenadas em freezer a -18 °C até a realizacdo das analises. Todos os parametros
desta etapa (tempo de transporte; temperatura - refrigerado ou ndo; forma de acondicionamento;
descricao do processamento dos frutos - etapas do processamento empregadas, como lavagem,
retirada de casca, retirada de semente/caroco, etc.) foram documentados.

A amostragem e preparacdo das amostras teve como base as metodologias apresentadas
no livro Food Composition Data (GREENFIELD; SOUTHGATE, 2003).

Tabela 12. Nome cientifico, nome comum no Brasil, localizacdo, época, quantidade adquirida

e nimero tombo das amostras coletadas

Nome Cientifico / N° d : Coordenada Quantida Epoca da N° tombo
a Origem o .
Nome comum no amostra (Cidade, Estado) Geogréfica de quhelta no
Brasil ' (GPS) coletada Més/Ano Herbario*
Euterpe edulis Mart. / 1 Maquinég, RS 29°39'1.02"S 7,5 kg Fev/2016 185666
Acai Jucara 50°8'55.07"W
2 Floriandpolis, SC 27°37'57.84"S 8,0 kg Mai/2016 187149
48°28'40.20"W
3 Dom Pedro de 29022'37.78"S 12,0 kg Mai/2016 185673
Alcantara, RS 49°51'54.61"W
Opuntia elata Salm- 1 Cacapava do Sul, RS 30°49'49.87"S 6,0 kg Ago/2016 187673
Dyck / Arumbeva 53°29'56.64"W
2 Cacapava do Sul, RS 30°50'34.45"S 6,0 kg Ago/2016 187674
53°30'12.34"W
3 Cacapava do Sul, RS 30°5327.92"S 6,0 kg Ago/2016 187675
53028'15.69"W
4 Bagé, RS 30051'51.72"S 5,0 kg Set/2016 187676
53°42'10.13"W
Butia catarinensis 1 Torres, RS 29°18'52.20"S 8,5 kg Fev/2016 185667
Noblick & Lorenzi / 49°45'36.19"W
Buti4 da Praia 2 Osorio, RS 29°85'24.66"S 7,0 kg Mar/2016 185665
50022'76.86"W
3 Laguna, SC 28°25'27.86"S 6,0 kg Mar/2016 185664
48°47'20.87"W
fala Torres, RS 29°18'52.20"S 6,5 kg Fev/2019 185667
49°45'36.19"W
Butia eriospatha (Mart. 1 Pinhal da Serra, RS 27°49'37.28"S 12,0 kg Abr/2016 185670
ex Drude) Becc. / Butia 51°14'26.15"W
da Serra 2 Pelotas, RS 31°67'80.74"S 55kg Abr/2016 187145
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—— . - 5
Nome Cientifico / N° da Origem Coordenada Quantida Epoca da N° tombo

Nome comum no . Geografica de Colheita no
Brasil amostra (Cidade, Estado) (GPS) coletada Més/Ano Herbario*

52044'32.71"W

3 Curitibanos, SC 27°11'40.63"S 14,0 kg Mar/2016 194091
50°37'04.97"W

Physalis spp. / Fisalis 1 Morro Reuter, RS 29°32'3.93"S 3,0 kg Set/2016 193949
5195'37.67"W

2 Viaméo, RS 30°5'50.71"S 2,0 kg Out/2016 193950
50°49'58.73"W

3 Séo Francisco de 29025'02.50"S 0,6 kg Mai/2017 194853
Paula, RS 50°33'35.56"W

4 Jaragué do Sul, SC 26°17'51.09"S 3,4 kg Ago/2017 194854
49°09'19.65"W

Vasconcellea 1 Garibaldi, RS 29°18'44.63"S 2,3 kg Mar/2017 194092
quercifolia A.St.-Hil. / 51°36'52.58"W

Jaracatia 2 Planalto Alegre, SC 27°04'28.73"S 1,1kg Fev/2017 194093
52°51'00.65"W

Passiflora actinia 1 Curitiba, PR 25°26'49.39"S 5,0 kg Dez/2016 193972
Hook. / Maracuja do 49014'22.55"W

Mato 2 Sédo José dos Pinhais, 25°30'45.14"S 5,0 kg Dez/2016 193973 ¢

PR 49°12'6.94"W 193974

RS: Rio Grande do Sul; SC: Santa Catarina; PR: Parana. * ICN Herbario da Universidade Federal do Rio Grande
do Sul (UFRGS). ** coleta especifica para experimentos de pos-colheita.

4.3 Reagentes, Padrdes e Material de Referéncia Certificado

Acetato, carbonato, bicarbonato, cloreto, hidroxido e sulfato de sodio, fosfato de sodio
ou potassio monobasico e bibasico, hidroxido de potassio, persulfato de potéssio, acido
ascorbico, cloreto de ferro, cloreto e calcio, sulfato de magnésio, sulfato de sddio anidro e
reagente Folin-Ciocalteu foram obtidos da Neon Comercial® (Suzano, SP, Brasil). Acido
cloridrico, acido 2-tiobarbiturico (TBA), acido férmico, acetato e etila, dimetilsulféxido
(DMSO), sacarose, acido sulfarico suprapuro, acido ortofosférico 85%, acetona, cloroférmio,
éter de petroleo, éter etilico, alcool etilico, alcool metilico e perdxido de hidrogénio (H203)
foram obtidos pela Dindmica Quimica Contemporanea LTDA.® (Diadema, SP, Brasil).
Reagentes grau HPLC como éter terc-metil-butilico (MTBE), acetonitrila, dimetilformamida e
metanol foram obtidos da Panreac AppliChem® (Barcelona, Espanha).

O padr&o de &cido ascorbico foi obtido pela Neon Comercial® (Suzano, SP, Brasil). Os
padrdes de cloridrato de tiamina (B1), riboflavina (B2), acido nicotinico (B3), acido D-
pantoténico (hemicélcico) (B5), cloridrato de piridoxina (B6), D-biotina (B7), (all-E)-B-
caroteno, (all-E)-B-criptoxantina, enzima Taka-diastase de Aspergillus oryzae, radical ABTS
[2,2'-azino-bis-(acido 3-etilbenzotiazolina-6-sulfonico] (>98%), Trolox acido 6-hidroxi-
2,5,7,8-tetrametillcromano-2-carboxilico) (> 97%), 2-desoxi-D-ribose (>99%), L-glutationa
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cristalizada em forma reduzida (GSH) (>99.0%), 5,5'-ditio-bis-(acido 2-nitrobenzdico)
(DTNB), &cido etilenodiamino tetra-acético (EDTA), kit para anélise de fibra dietética, radical
AAPH dicloridato  2,2'-Azobis(2-metilpropionamidina) 97%, diacetato de 2'-7'-
diclorofluorescina (DCFH-DA) e fluoresceina de sodio foram adquiridos a Sigma-Aldrich
Chemical Co.® (St. Louis, MO, EUA).

Padrdes de outros carotenoides como (all-E)-a-caroteno e zeaxantina foram obtidos da
Fluka Analytical® (Munique, Alemanha) e de (all-E)-luteina da Indofine Chemical Company®
(Hillsborough Township, Nova Jersey, EUA).

Os padrées de compostos fendlicos (acidos ferulico, galico, cumarico, elégico,
hidroxibenzobico, clorogénico e caféico, catequina, epicatequina, galato de epigalocatequina,
kaempferol, luteolina, miricetina, quercetina, quercetina 3-glucosideo, resveratrol e rutina) e de
antocianinas (cianidina-3-glicosideo, cianidina-3,5-glicosideo, cianidina 3-rutinosideo,
delfinidina-3-B-glicosideo, pelargonidina-3-glicosideo e pelargonidina-3,5-glicosideo) foram
obtidos da Sigma-Aldrich Chemical Co.® (St. Louis, MO, EUA). Cartuchos strata SPE C18
(Phenomenex) foi obtido pela empresa Allcrom® (S&o Paulo, SP, Brasil).

O material de referéncia certificado Baby Food Composition (NIST 2383a) foi adquirido
do National Institute of Standards and Technology® (NIST) (Gaithersburg, MD, Estados
Unidos).

A égua foi purificada pelo sistema Milli-Q® Integral 10 da Merck Millipore (Millipore,
Milford, MA, EUA). As amostras e solventes foram filtrados por membranas de
politetrafluoretileno (PTFE) Millipore 0,45um (Millex LCR 0,45 um, 13 mm) antes de serem
injetadas no cromatdgrafo.

4.4 Analises Fisico-Quimicas

4.4.1 Potencial Hidrogenidnico (pH) e Acidez
Em triplicata, aproximadamente 10 g da parte comestivel da fruta in natura (polpa) foi

homogeneizada com 50 mL de agua destilada no Ultra-Turrax® (T 25 digital, 1KA, Staufen,
Alemanha) por 1 min.
O pH foi determinado por método eletrométrico potenciométrico com pH-metro

(modelo Q400AS, Quimis®, Diadema, SP, Brasil). A acidez das solucdes (polpa de fruta com
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agua destilada) foi determinada por titulagdo com NaOH (0,1 N) (INSTITUTO ADOLFO
LUTZ, 2008) até atingirem pH 8,2.

4.4.2 Solidos Soluveis Totais
Em triplicata, aproximadamente 10 g da parte comestivel da fruta in natura (polpa) foi

homogeneizada com 50 mL de agua destilada no Ultra-Turrax® (T 25 digital, 1KA, Staufen,
Alemanha) por 1 min.

As leituras do grau Brix (°Brix) foram feitas por refratometria, utilizando o refratdmetro
digital (PAL-3, ATAGO® U.S.A., Inc., Bellevue, WA, EUA), corrigido para 20 °C. O aparelho
foi calibrado a temperatura ambiente com agua destilada (indice de refracdo = 1,3330 e 0 °Brix
a 20 °C) e foram realizadas leituras das amostras em triplicata (INSTITUTO ADOLFO LUTZ,
2008).

4.4.3 Dimensdes da Fruta
Foram avaliadas individualmente 10 frutas que estivessem visualmente uniformes no

mesmo estagio de maturagdo, conforme °Brix. Foi realizada a pesagem da fruta inteira em
balanca analitica (AY220, Shimadzu®, Quioto, Japdo). Para os diametros longitudinal e

transversal foi utilizado paquimetro de aco inoxidavel (Brasfort®, Guarulhos, SP, Brasil).

4.4.4 Perda de Massa
Dez unidades uniformes do Butia da Praia foram avaliadas individualmente e no mesmo

estagio de maturacdo. O peso foi avaliado em uma balanca analitica (AY220, Shimadzu®,
Kyoto, Japdo) para determinar o progresso da perda de massa. Os resultados foram expressos
em porcentagem e foram obtidos pela diferenca entre a massa inicial e a massa final de cada

amostra.

4.4.5 Textura
A medicgéo da textura do Butia da Praia foi realizada com um penetrémetro digital, PCE-

FM 200, e os resultados foram expressos em Newtons (N).

4.4.6 Cor
As medig¢des da cor da casca e da polpa foram realizadas com 10 unidades do Butié da

Praia usando um colorimetro portatil (Modelo CR-400, Konica Minolta Sensing Americas, Inc.,

47



Cingapura) usando o sistema da Commission Internationale de I'Eclairage (CIELAB),
determinando os valores de L * (luminosidade; O = escuro e 100 = branco), a * (componente
vermelho-verde; <a * = verde e>a * = vermelho) e b * (componente amarelo-azul; <b * = azul

e> b * = amarelo). Uma ceramica branca foi usada para calibracéo.

4.5 Composicao Centesimal
As andlises de umidade, cinzas, proteinas, lipidios e fibra alimentar foram determinadas

segundo a AOAC (2012) e o teor de carboidratos foi estimado por diferenca entre 100 e a soma
das porcentagens de agua, proteinas, lipideos, cinza e fibra alimentar total.

Todas as andlises estdo de acordo recomendagfes da International Network of Food
Data Systems (INFOODS) da Food and Agriculture Organization of the United Nations (FAO).

4.5.1 Umidade
A umidade foi determinada por gravimetria em estufa de ar forcado a 105 °C até peso

constante, de acordo com AOAC (2012) e métodos analiticos do Instituto Adolfo Lutz (2008).
Para esta analise, inicialmente foram pesados aproximadamente 5 g da parte comestivel da fruta
in natura (polpa). A anélise do teor de umidade também foi realizada com a amostra liofilizada,
a fim de se obter o valor da umidade residual, posteriormente descontada nos resultados

EXPressos em base seca.

4.5.2 Cinzas
A determinacdo de cinza ou residuo mineral fixo foi realizada por incinera¢do em mufla

controlada a 550 °C (Linn High Therm, Elektro, Eschenfelden, Alemanha), de acordo com a
AOAC (2012). Para esta andlise, inicialmente foram pesados aproximadamente 1 g da parte
comestivel da fruta in natura (polpa).

4.5.3 Proteinas
As proteinas foram determinadas nas amostras liofilizadas (0,5 g) pelo método de

Kjeldahl utilizando destilador de nitrogénio (NT 415, Novatécnica, Sdo Paulo, SP, Brasil).
Inicialmente foi feita a etapa da digestdo, adicionando-se 5 g da mistura catalitica e 20 mL de
acido sulfurico a amostra, que permaneceu no bloco digestor a 400 °C por aproximadamente
1,5 horas. Em seguida, a destilagdo foi feita com adicdo de NaOH concentrado (40%) e

aquecimento, ocorrendo a liberacdo da aménia. O gas entdo reagiu com uma solucdo de acido
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borico (4%), formando borato de aménio. A etapa final consistiu na titulacdo do borato de
amonio com uma solucdo de &cido sulfurico padronizada (0,1 N). Para a conversdao do

nitrogénio total em proteinas utilizou-se o fator médio de 6,25 (AOAC, 2012).

4.5.4 Lipideos
O teor de lipideos totais foi determinado pela extracéo a frio com cloroférmio:metanol,

de acordo com o método de Bligh & Dyer (1959). Aproximadamente 2 g da amostra liofilizada
foram homogeneizados com 10 mL de metanol, 4 mL de dgua destilada e 5 mL de cloroférmio
por 1 hora. Apds, adicionaram-se 5 mL de cloroférmio e 5 mL de sulfato de sddio (1,5%),
agitando-se vigorosamente por 2 min. A amostra foi centrifugada a 1000 g por 2 mine 2,5 mL
da camada inferior foi filtrada. O solvente foi evaporado com auxilio da chapa de aquecimento

e estufa e os lipideos foram posteriormente pesados.

4.5.5 Fibra Alimentar
Os teores de fibra alimentar total, solivel e insoltvel foram determinados pelo método

enzimatico gravimétrico da AOAC (2012) e Proscky et al. (1984). O método consiste em tratar
o alimento com enzimas fisioldgicas, simulando condi¢es do intestino humano, permitindo
separar e quantificar o conteudo total da fracdo de fibra e as fracGes solUveis e insollveis.
Agueceu-se em banho maria com agitacdo (99 °C por 30 min) 50 mL de tampdo fosfato de
sodio, 100 uL da enzima a-amilase e 1 g da amostra liofilizada. Apds, a amostra foi resfriada,
0 pH foi ajustado para 7,5 com NaOH (0,275 N) e foram adicionados 100 pL da enzima
protease. A mistura permaneceu no banho maria (60 °C) por 30 min. Em seguida, a amostra foi
novamente resfriada, o pH foi ajustado para 4,3 com HCI (0,325 N) e foram adicionados 100
pL da enzima amiloglicosidase. A mistura permaneceu no banho maria (60 °C) por 30 min. Na
andlise das fibras totais, foram adicionados 280 mL de alcool etilico (95%) para precipitacdo
das fibras sollveis. Posteriormente, foi realizada uma filtragem em cadinho de vidro (contendo
celite, previamente incinerado em mufla e tarado), e lavagens com alcool etilico (78 e 95%) e
acetona. Apds secagem em estufa, o residuo foi analisado quanto ao teor de proteinas e cinzas,

conforme os métodos previamente descritos e o teor de fibra foi calculado.

4.5.6 Energia
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O valor energético foi calculado a partir dos teores de proteinas, lipidios e carboidratos,
utilizando-se os coeficientes especificos que levam em consideracgdo o calor de combustéo 4,0;

9,0 e 4,0 Kcal, respectivamente de acordo com sistema Atwater.

4.6 Vitaminas

As vitaminas analisadas foram: vitamina A (carotenoides pré-vitaminicos), vitamina B1
(tiamina), vitamina B2 (riboflavina), vitamina B3 (niacina), vitamina B5 (&cido pantoténico),

vitamina B6 (piridoxina), vitamina B7 (biotina) e vitamina C (&cido ascorbico).

4.6.1 Vitamina A
A atividade da vitamina A foi calculada de acordo com o fator preconizado pelo Instituto

Americano de Medicina (INSTITUTE OF MEDICINE, 2001), relacionado ao equivalente de
atividade de retinol (ug EAR). Esse sistema de conversdo de carotenoides pro-vitaminicos A
em vitamina A considera 1 equivalente de atividade retinol = 12 ug de B-caroteno e 24 ug de
outros carotenoides pro-vitaminicos A da dieta (a-caroteno, B-criptoxantina e y-caroteno). Para
obtencdo dos valores de carotenoides individualizados as amostras foram analisados por CLAE,
seguindo a metodologia descrita detalhadamente no item 4.8.1. A partir dos padrdes

disponiveis, foram identificados compostos pro-vitaminicos (a e f-caroteno e B-criptoxantina).

4.6.2 Vitaminas do Complexo B

4.6.2.1 Equipamento

As andlises das vitaminas do complexo B foram realizadas em um cromatégrafo liquido
de alta eficiéncia Agilent® (série 1100, Santa Clara, CA, Estados Unidos), equipado com um
sistema solvente quaternario de bombeamento (G1311A — DE14917573 Agilent® 1100 Series,
Waldbronn, Alemanha) acoplado a um detector UV-Visivel (G1314B — DE71358944 Agilent®
1200 Series, Waldbronn, Alemanha) e um detector de fluorescéncia (G1321A — DE14903876,
Agilent® 1100 Series, Waldbronn, Alemanha).

4.6.2.2 Vitamina B1 (tiamina) e Vitamina B3 (niacina)
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A determinagé&o das vitaminas foi realizada segundo Abe-Matsumoto, Sampaio, Bastos
(ABE-MATSUMOTO; SAMPAIO; BASTOS, 2016) com adaptacdes. Foi realizada uma
extracdo acida, seguida por reacdo enzimatica. Foi pesado 1 g de amostra liofilizada e
adicionados 10 mL de acido cloridrico 0,1 N, sendo essa mistura mantida em banho maria
(Dubnoff NT 232 — Novatecnica®, Piracicaba, SP, Brasil) com agitacdo (100 °C por 30
minutos). Apds, as amostras foram resfriadas e o pH foi ajustado para 4,0-4,5 com acetato de
sodio 5,0 M (412,4 g de fosfato de sodio em 1 litro de agua destilada). Foi adicionado as
amostras 0,5 g da enzima Taka-Diastase e colocado em banho maria sob agitacdo (47 °C por 2
horas). As amostras foram resfriadas e filtradas com papel filtro plissado para um baldo
volumétrico de 25 mL. O filtro foi lavado com tampé&o fosfato de sédio 0,05 M e o volume do
baldo completado com 0 mesmo tampao. Os extratos foram armazenados em frascos ambar até
0 momento da anélise por HPLC.

Foi utilizada uma coluna C18 ODS Phenomenex HyperCloneTM, 5um, 120 A, 250 x
4,6 mm, Allcrom® (S&o Paulo, SP, Brasil). A corrida cromatogréfica foi realizada em gradiente,
com eluicdo inicial de tampdo fosfato de sédio (pH 3,0):metanol de 98:2, no tempo de 9 minutos
proporcao de 40:60, e no tempo de 15 minutos 98:2. Para este tampéo pesou-se 6,9 g de fosfato
de sodio monobasico em 1 litro de agua Milli-Q®, e quando necessario, ajustado com &cido
ortofosforico 85%. O fluxo da corrida foi de 0,6 mL.min" a 27 °C, e o tempo total foi de 15
minutos. O volume de injecdo foi de 20 YL e a detec¢do foi por UV-visivel, com absor¢do em
254 nm.

Para quantificacdo dessas vitaminas, foram construidas curvas analiticas com
concentragdes de 5 a 100 pg.mL™. Os padrdes (cloridrato de tiamina e acido nicotinico), foram
diluidos em solucéo tampao fosfato de sédio 0,05 M pH 3,0.

Os limites de deteccdo (LOD) e quantificacdo (LOQ) foram calculados conforme
descrito por Ertas el al. (2007) e estdo apresentados na Tabela 13, assim como a faixa de
concentracio e o coeficiente de correlagdo (R?). Os valores foram determinados utilizando as
curvas analiticas com 10 injecfes do branco de cada amostra, conforme as seguintes formulas:

LOD = valor médio + 3 X desvio padrao
LOQ = valor médio + 10 X desvio padrao

Onde valor médio = zero.

Tabela 13. Faixas de concentracio, coeficiente de correlacio (R?), limites de deteccio e limites
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de quantificacdo dos padrdes de vitaminas

Faixa de concentracéo Coeficiente de

Vitamina (Lg.mL") correlacio (R -OP (H.9")  LOQ (Mg.g*)
Tiamina (B1) 1a100 0,9919 4,48 x 102 1,49 x 10
Riboflavina (B2) 0,006 a 0,506 0,9982 6,64 x 108 2,21 x 107
Niacina (B3) 1a100 0,9936 1,28 x 107? 4,28 x 1072
Acido pantoténico (B5) 52100 0,9984 6,97 x 102 2,32 x 101
Piridoxina (B6) 0,0192a1,6 0,9992 1,08 x 10 3,60 x 10®
Biotina (B7) 5a100 0,9944 2,45 x 108 8,17 x 108

LOD: limite de deteccdo; LOQ: limite de quantificacéo.

4.6.2.3 Vitamina B2 (riboflavina) e Vitamina B6 (piridoxina)

A determinacdo das vitaminas foi realizada conforme metodologia proposta por
Moreschi (2006) e Presoto e Almeida-Muradin (2008). Foi realizada uma extracdo acida através
da autoclave (Digitale 2L AV30, BS equipments®, S&o Paulo, Brasil), seguida por reacéo
enzimatica. Para isso, foram pesadas 2,5 g de amostra liofilizada em frasco erlenmeyer e
adicionados 25 mL acido cloridrico 0,1 N (volume adicionado deveria ser igual ou maior a 10
vezes 0 peso seco da amostra) e mantido na autoclave (121 °C por 45 min). Apos, o pH foi
ajustado para 4,6 (+ 0,1) com acetato de sédio 2,5 M e adicionada a enzima Taka-Diastase (0,5
g). Essa mistura foi mantida sob agitacdo em banho maria (Dubnoff NT 232 — Novatecnica®,
Piracicaba, Sdo Paulo, Brasil) a 42 °C por 2 horas. Os extratos foram avolumados com agua
Milli-Q® para 100 mL em baldo volumétrico e filtrados com papel filtro plissado. O filtrado foi
armazenado em frasco &mbar até 0 momento da andlise.

A coluna utilizada foi C18 Nova- Pak®, 4um, 300 x 3,9 mm (Waters®, Massachusetts,
EUA). Para a determinagdo vitamina B2 foi realizada uma corrida isocratica, com a seguinte
fase movel: mistura de tampdo fosfato de potassio pH 7,2 com dimetilformamida 85:15 (v/v).
O tampéo foi preparado, pesando-se 8,7 g de tampéo fosfato de potassio bibéasico e 6,8 g do
monobasico dissolvidos em agua Milli-Q® com volume ajustado em baldo volumétrico para 1
litro. Quando necessario, o pH foi ajustado com &cido ortofosférico 85%. O fluxo da corrida
foi de 1 mL.min" a 25 °C, com tempo total de 10 minutos. O volume de injecao foi de 10 pL e
a deteccdo foi por fluorescéncia, com excitacdo de 450 nm e emisséo de 530 nm.

Para a vitamina B6 foi realizada uma corrida isocratica, sendo a fase mével o tampéo
fosfato de potassio pH 2,5 e acetonitrila, na proporcao de 96:4 (v/v). Para o ajuste do pH do

tampao foi utilizado acido ortofosforico 85%. Utilizou-se também o fluxo de 1 mL.min? a 25
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°C, e tempo total de corrida de 6 min. O volume de injecdo foi de 10 pL e a detecgéo foi por
fluorescéncia, com excitagdo de 296 nm e emisséo de 390 nm.

Para quantificacdo dessas vitaminas, foram construidas curvas analiticas com
concentracdes de 6 a 500 ng.mL™* para a riboflavina (B2) e de 19,2 a 1600 ng.mL™ para a
piridoxina (B6). Os padrdes (riboflavina e cloridrato de piridoxina), foram preparados conforme
descrito por Presoto e Almeida-Muradin (2008).

Os limites de deteccdo (LOD) e quantificacdo (LOQ) foram calculados utilizando as
curvas analiticas conforme descrito por Ertas el al. (2007) e estdo apresentados na Tabela 13,

assim como a faixa de concentracio e o coeficiente de correlacio (R?).

4.6.2.4 Vitamina B5 (acido pantoténico) e Vitamina B7 (biotina)

A determinacdo das vitaminas foi realizada segundo Abe-Matsumoto, Sampaio, Bastos
(ABE-MATSUMOTO; SAMPAIO; BASTOS, 2016) com adaptacdes. Foi realizada uma
extracdo 4cida, seguida por reacdo enzimética. Foi pesado 1 g de amostra liofilizada e
adicionados 10 mL de acido cloridrico 0,1 N, sendo essa mistura mantida em banho maria
(Dubnoff NT 232 — Novatecnica®, Piracicaba, SP, Brasil) com agitacdo (100 °C por 30
minutos). Apds, as amostras foram resfriadas e o pH foi ajustado para 4,0-4,5 com tampéo
fosfato de sédio pH 9,0 (21 g de fosfato de sodio bibasico em 1 litro de agua Milli-Q®. Foi
adicionado as amostras 0,5 g da enzima Taka-Diastase e colocado em banho maria sob agitacao
(47 °C por 4 horas). As amostras foram resfriadas e filtradas com papel filtro plissado para um
baldo volumétrico de 25 mL. O filtro foi lavado com tampéao fosfato de s6dio 0,05 M e o volume
do baldo completado com 0 mesmo tampé&o. Os extratos foram armazenados em frascos ambar
até o momento da analise no HPLC.

Foi utilizada uma coluna C18 ODS Phenomenex HyperCloneTM, 5um, 120 A, 250 x
4,6 mm, Allcrom® (S&o Paulo, SP, Brasil). A corrida isocratica teve como fase movel o tamp&o
fosfato de sodio pH 3,0 e acetonitrila, na propor¢do de 85:15 (v/v). Para este tampéo foi pesado
6,9 g de fosfato de sodio monobasico em 1 litro de agua Milli-Q®, e quando necessario, ajustado
com écido ortofosforico 85%. O fluxo da corrida foi de 0,6 mL.min" a 27 °C e um tempo total
de 15 minutos. O volume de injecéo foi de 20 pL e a deteccéo foi por UV-visivel, com absor¢ao

em 209 nm.
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Para quantificacdo dessas vitaminas, foram construidas curvas analiticas com
concentragdes de 5 a 100 pg.mL* dos padrdes (4cido D-pantoténico hemicalcico e D-biotina).
O padrao de acido pantoténico (B5) foi diluido em solugédo tampao fosfato de sédio 0,05 M pH
3,0 e abiotina (B7) na mistura de solucdo tampdo fosfato de sodio com acetonitrila 50:50 (v/v).

Os limites de detecgéo (LOD) e quantificacdo (LOQ) foram calculados utilizando as
curvas analiticas conforme descrito por Ertas el al. (2007) e estdo apresentados na Tabela 13,

assim como a faixa de concentracio e o coeficiente de correlacio (R?).

4.6.3 Vitamina C
A determinacdo da vitamina C foi baseada na metodologia proposta por Rosa et al.

(2007) com modificacdes. Cada amostra de 2 g foi homogeneizada em um Ultra-Turrax® (T 25
digital, IKA, Staufen, Alemanha) com 20 mL de &cido sulfurico suprapuro 0,05 M durante 1
min, centrifugada (Himac CR21 GllII, Hitachi Koki Co., Téquio, Japao) a 25.400 g durante 15
min e, em seguida, filtrada através de uma unidade de filtro hidrofilico de teflon.

As amostras foram analisadas por CLAE utilizando um cromatdgrafo Waters Alliance®
(2695, Milford, MA, USA) equipado com um sistema solvente binario de bombeamento
conectado a um detector de arranjo diodos (DAD 2996). Foi utilizada uma coluna polimérica
C18 (250 mm x 4,6 mm i.d., 5 um). A fase movel foi de acido sulfurico suprapuro 0,05 M,
com fluxo de 1,0 mL.min. O volume de injecdo foi de 10 pL e a deteccdo foi por UV-visivel,
comprimento de onda de 254 nm.

A vitamina C foi quantificada pela injecdo do padrdo de acido ascorbico no dia da

analise.

4.7 Minerais

Os teores de minerais foram determinados nas amostras liofilizadas por espectrometria
de absorcdo atdmica no Laboratorio de Analises Inorgénicas da Fundacdo de Ciéncia e
Tecnologia — CIENTEC, que é certificada pela ISO/IEC 17025/2005. Os seguintes elementos
minerais foram quantificados Calcio (Ca), Potassio (K), Sédio (Na), Magnésio (Mg), Ferro
(Fe), Zinco (Zn), Manganés (Mn), Cobre (Cu), Fosforo (P) e Selénio (Se).
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As amostras liofilizadas foram homogeneizadas em um multiprocessador. Para a
digestdo, aproximadamente 0,3 g foram pesadas em triplicata, adicionando-se 5 mL de agua
Milli-Q®, 5 mL de acido nitrico P.A e 1 mL de peroxido de hidrogénio. As amostras foram
aquecidas por 5 min a 90 °C, 10 min a 150 °C, 5 min a 200 °C e 10 min a 200 °C (poténcia 1000
W) e, apds resfriadas, transferidas para um baldo volumétrico de 25 mL.

Cu, Mn, K, Na, Ca, Mg, Fe e Zn foram determinados por espectrometria de emissao
atdbmica com plasma por micro-ondas, com exce¢do do Zn nas amostras de Acai Jucara;
Arumbeva, Butia da Serra 1 e 3 e Butia da Praia 2 e 3 que foram determinados por
espectrometria de absorcdo atdmica com chama. O P foi determinado por absorciometria
molecular (método amarelo de molibdovanadato) e o Se por espectrometria de absorcéo
atdbmica com forno de grafite.

Os limites de deteccdo (LOD) e quantificacdo (LOQ) foram calculados e estdo
apresentados na Tabela 14, assim como a faixa de concentragéo e o coeficiente de correlagéo.
Os LOD foram determinados pela CIENTEC, multiplicando-se pelo fator de dilui¢do utilizado,
levando em conta também o sinal do branco para Na e Zn). Os LOQ foram calculados em

funcéo dos LOD e dependiam da curva de calibragéo utilizada.

Tabela 14. Faixas de concentracio, coeficiente de correlacéo (R?), limites de deteccio e limites

de quantificacdo dos minerais

Coeficiente de

Mineral Faixa de concentracéo correlacio (R?) LOD LOQ
Célcio 0,10-1,5 mg.L* 0,99980 0,3 (mg.Kg?) 4 (mg.Kg?)
Cobre 0,025-1,0 mg.L! 0,99980 0,08 (mg.Kg™) 0,8 (mg.Kg™?)
Ferro 0,025-1,0 mg.L? 0,99980 0,2 (mg.Kg™?) 0,8 (mg.Kg™?)
Fésforo 1,0-10,0 mg.L™ 0,99980 0,014 (9.100g) 0,018 (g.100g™%)
Magnésio 0,10-1,5 mg.L* 0,99980 0,3 (mg.Kg?) 4 (mg.Kg?)
Manganés 0,025-1,0 mg.L? 0,99980 0,04 (mg.Kg™?) 0,8 (mg.Kg™?)
Potassio 0,10-1,5 mg.L? 0,99980 0,02 (mg.Kg™?) 4 (mg.Kg™?)
Selénio 2,0-20,0 pg.L? 0,99268 0,09 (mg.Kg™?) 0,25 (mg.Kg™?)
S6dio 0,10-1,5 mg.L* 0,99980 0,1 (mg.Kg™?) 20 (mg.Kg™)
Zinco 0,025-1,0 mg.L* 0,99957 0,97 (mg.Kg™?) 3 (mg.Kg?)

LOD: limite de deteccdo; LOQ: limite de quantificacao.

4.8 Compostos Bioativos
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4.8.1 Carotenoides

4.8.1.1 Extracéo

O extrato exaustivo de carotenoides foi preparado de acordo com Rodriguez-Amaya
(2001), utilizando acetona como solugédo extratora dos pigmentos com homogeneizagdo em
Ultra-Turrax® (T 25 digital, IKA, Staufen, Alemanha). Apos, foi realizado o particionamento
com éter de petroleo e éter etilico e posteriormente saponificacdo com KOH 10% em metanol
durante uma noite a temperatura ambiente. Apos a remocéo do alcali, o extrato foi concentrado
em evaporador rotativo (Q334.2, Quimis®, Diadema, Sdo Paulo, Brasil) (T < 25 °C), seco em
um fluxo de nitrogénio e armazenado em frascos ambar no freezer (-18 °C) para posterior
quantificacdo por CLAE. Para a anélise, o extrato concentrado foi diluido em éter terc-metil-
butilico (MTBE), colocado em ultrassom (Unique, modelo USC 1400A) por 15 minutos e
filtrado em filtro PTFE (Millex LCR 0,45 um, 13 mm) para posterior injecdo no cromatografo.

4.8.1.2 Condigdes cromatogréficas

As analises foram realizadas em um cromatografo Agilent® (série 1100, Santa Clara,
CA, EUA), equipado com um sistema solvente quaterndrio de bombeamento (G1311A -
DE14917573 Agilent 1100 Series, Waldbronn, Alemanha) e um detector UV-Visivel (G1314B
— DE71358944 Agilent 1200 Series, Waldbronn, Alemanha). A coluna usada foi de 250 mm x
4,6 mm ID, 3 um, de fase reversa C30 polimérica (YMC, modelo CT99S0O3-2546WT). A fase
movel constitui um gradiente de eluicdo inicial de agua:metanol:MTBE de 5:90:5, em 12 min
a concentracdo foi para 0:95:5; em 25 min, 0:89:11, em 40 minutos foi para 0:75:25, e,
finalmente, 00:50:50 em 60 min, com uma taxa de fluxo de 1 mL.min"! a 22 °C e volume de
injecdo de 5 pL. Os espectros foram obtidos em um comprimento de onda fixo de 450 nm para

carotenoides.

4.8.1.3 Identificagédo e Quantificacio

A identificacéo e quantificacéo foi efetuada por comparagao dos tempos de retencéo dos
picos da amostra e seus respectivos padrdes, sob as mesmas condigdes cromatograficas. Para a

quantificacdo, foi construida uma curva padrdo para carotenoides nas faixas mostradas na
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Tabela 15. Os LOD e LOQ foram calculados utilizando as curvas analiticas conforme descrito

por Ribani et al. (2004).

Tabela 15. Faixas de concentracio, coeficiente de correlacio (R?), limites de deteccio e limites

de quantificacdo dos padrdes de carotenoides e antocianinas

Composto Bioativo Faixa de~ Coef|C|erJtes dze LOD LOQ
concentracao correlagao (R?)
Lutefna (ug.mL™?) 1-65 0,9993 1,76 5,33
Zeaxantina (ug.mL1) 1-40 0,9997 0,99 3,01
Criptoxantina (ug.mL™?) 4-29 0,9978 1,85 5,62
a-caroteno (ug.mL™?) 2-26 0,9998 0,41 1,24
B-caroteno (ug.mL™) 4-49 0,9934 541 16,40
Licopeno (ug.mL™?) 10-100 0,9977 6,13 18,56
Cianidina-3-glicosideo (mg.mL™) 0.003-0.037 0,9987 1,69 x 10 5,65 x 10t
Cianidina 3-rutinosideo (mg.mL™?) 0.001-0.025 0,9919 9.55 x 101 9.67 x 10t
Cianidina-3,5-diglicosideo (mg.mL™) 16-84 0,9983 2,05 x 10! 3,56 x 10?
Delfinidina-3p-glicosideo (mg.mL™?) 5-100 0,9944 1,16 x 10? 1,93 x 10?
Pelargonidina-3-glicosideo (mg.mL™) 5-50 0,9923 2,35 x 103 7,85 x 102
Pelargonidina-3,5-diglicosideo (mg.mL™?) 40-100 0,9937 2,37 x 10* 7,9 x 10

LOD: limite de deteccédo; LOQ: limite de quantificacéo.

4.8.1.4 HPLC-DAD-MS/MS

A confirmacdo dos carotenoides identificados no Butia da Praia foi realizada na anélise
por HPLC-DAD-MS/MS nas mesmas condi¢bes descritas por Rodrigues et al. (2013) com
algumas modificacdes. Os compostos foram separados em uma coluna polimérica C30 de fase
reversa YMC (5 um, 250 mm X 4,6 mm, Waters, Wilmington, Estados Unidos), com vazéo de
0,9 mL.min, volume de injecdo de 20 L e forno temperatura a 29 °C. Utilizou-se um gradiente
linear a partir da mistura de metanol-MTBE 95:5 (v/v) como fase mdvel, atingindo 70:30 ao
longo de 30 min, seguido de 50:50 ao longo de 20 min e mantendo essa propor¢do por 10 min.
Aos 62 minutos, a condicdo inicial foi restabelecida e permaneceu por mais 5 minutos. Os
espectros foram medidos entre 200 e 600 nm e os cromatogramas foram processados a 450 nm.

O eluato da coluna foi injetado diretamente em uma fonte de ionizagdo quimica por
pressdo atmosférica (APCI), e os pardmetros do espectrébmetro de massa seguiram as mesmas
condicdes descritas anteriormente por de Rosso e Mercadante (2007). Os parametros do
espectrometro de massa foram definidos da seguinte forma: modo positivo, corona atual 4.000
nA, temperatura da fonte a 450 °C, gas N2 (White Martins SA, Porto Alegre, Brasil), grau
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cromatografico) com temperatura de 350 °C e vazdo de 4 L.min, nebulizador a 60 psi. Os
experimentos MS/MS foram realizados no modo automaético, com energia de fragmentacao de
1,4 V. Os espectros de massa foram adquiridos com faixa de varredura de m/z de 100 a 2.200.

Os carotenoides foram identificados com base na ordem de eluigdo, caracteristicas
espectrais UV-Vis [comprimento de onda de absor¢do maxima (Amax), estrutura fina espectral
(% 111/11) e intensidade cis méxima (% AB/AII)] e caracteristicas do espectro de espectrometria
de massa. Esses parametros foram comparados aos padrées analisados nas mesmas condicoes
e dados disponiveis na literatura e foram utilizados como parametros para a identificacdo. Os
cromatogramas foram processados a 450 nm.

Para esta andlise, foi utilizado um cromatégrafo (Shimadzu, Kyoto, Japdo) equipado
com duas bombas (Shimadzu LC-20AD), um desgaseificador on-line (Shimadzu DGU-
20A3R), forno de coluna (Shimadzu CTO-20A), detector de matriz de diodos (Shimadzu SPD-
M20A) conectado em série a um espectrometro de massa com uma fonte de ionizac¢do quimica
por pressdo atmosférica (APCI) e um analisador de captura de ions (modelo micrOTOF-QIII,

Esquire 4000, Bruker Daltonics, Bremen, Alemanha).

4.8.2 Antocianinas

4.8.2.1 Extracéo

As antocianinas foram extraidas seguindo a metodologia proposta por Zanatta et al.
(2005), utilizando 0,5 g da amostra liofilizada diluidas com metanol acidifcado (1% HCI) e
homogeinizadas em Ultra-Turrax® (T 25 digital, IKA, Staufen, Alemanha). A extracdo foi
repetida, exaustivamente, até as amostras ndo apresentarem mais cor. Apds, a solucéo foi
filtrada & vacuo. O extrato de antocianinas foi filtrado em filtro PTFE (Millex LCR 0,45 pm,
13 mm) para posterior inje¢do no cromatografo. O extrato bruto de antocianinas foi armazenado
em frascos &mbar e em freezer sob atmosfera de nitrogénio até 0 momento das analises, que

ocorreram no mesmo dia da extragéo.

4.8.2.2 Condigdes cromatograficas

As antocianinas foram analisadas seguindo metodologia proposta por Zanatta et al.
(2005), por cromatdgrafo Agilent® (série 1100, Santa Clara, Estados Unidos) equipado com um
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sistema de bomba quaternaria (G1311A — DE14917573 Agilent 1100 Series, Waldbronn, Alemanha)
e um detector UV-visivel (G1314B — DE71358944 Agilent 1200 Series, Waldbronn,
Alemanha). Os pigmentos foram separados em uma coluna de fase reversa C18 Shim-pak CLC-
ODS (5 um, 250 x 4,6 mm). A fase movel constituiu um gradiente de eluicdo linear de acido
fosférico 4% e acetonitrila na proporcéo de 85:15 (v/v) a 20:80 no decorrer de 30 minutos. O
fluxo da fase movel foi de 0,2 mL.min, o volume de injecdo foi de 5 uL e a temperatura da

coluna mantida a 29 °C. Os cromatogramas foram processados a 520 nm.

4.8.2.3 Identificagédo e Quantificagio

A identificacdo e quantificacdo foi efetuada por comparacdo dos tempos de retencao
dos picos da amostra e seus respectivos padrdes, sob as mesmas condi¢cdes cromatogréaficas.

Para a quantificacdo, foi construida uma curva padréo nas faixas mostradas na Tabela 15.

4.8.3 Compostos Fendlicos
Para a identificdo dos compostos fenolicos foram escolhidas trés frutas em que, no

momento da pesquisa, possuiam menos informacdes nas bases de dados cientificas pesquisadas.
As espécies analisadas foram o Butid da Praia, o Butia da Serra e a Arumbeva. Os compostos
fenolicos das espécies selecionadas foram identificados e quantificados, inicialmente, nas frutas
de origem (Arumbeva, Butid da Praia e Butia da Serra) e, apds, em extratos hidroetanolicos

formulados com essas frutas.

4.8.3.1 Extracao

A extracdo dos compostos ndo antocianicos seguiu a metodologia descrita por
Rodrigues et al. (2013), com modificac¢Ges. Foi feita uma extracdo exaustiva por 2 minutos no
Ultra-Turrax® (T 25 digital, IKA, Staufen, Alemanha) adicionando-se 20 mL de uma mistura
de metanol com &gua destilada (80:20%; v/v) a 0,5 g da amostra liofilizada a temperatura
ambiente (22+3 °C). Ap0s, o extrato foi centrifugado (Himac CR21 GlII, Hitachi Koki Co.,
Téquio, Japdo) a 10.000 g durante 10 minutos a 20 °C e o sobrenadante foi transferido para um
baldo volumétrico &mbar. Esse procedimento foi realizado em triplicata e repetido quatro vezes
(extracdo exaustiva, conforme testes prévios com o reagente Folin-Ciocateu). Os sobrenadantes

foram combinados obtendo-se um volume final de 80 mL (extrato de compostos fenolicos).
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Para a quantificacdo, os extratos foram rotaevaporados (Q334.2, Quimis®, Diadema, S&o Paulo,
Brasil) e avolumados com a fase mével A ndo antocianica (agua Milli-Q® e acido formico, na
proporcao de 99,5: 0,5%, v/v) para 25 mL em baldo volumétrico.

A auséncia de compostos fendlicos no sobrenadante sera verificada previamente
utilizando o reagente Folin-Ciocalteu, seguindo a metodologia proposta por Borbalan et al.
(2003) e Castagna et al. (2014), com modifica¢des. Foram adicionados 1375 pL do reagente de
Folin-Ciocalteu (Sigma-Aldrich Chemical®, St. Louis, EUA) preparado (375 mL de agua para
37,5 mL do reagente) a 25 puL da amostra, que reagiram por 8 minutos. Em seguida, foram
adicionados 600 uL de &gua destilada e 500 pL de carbonato de sodio a 20%. A solugdo foi
homogeneizada e deixada em repouso durante 30 min ao abrigo da luz. A absorbancia foi lida

a 750 nm a temperatura ambiente no espectrofotébmetro (Shimadzu UV-Vis 1800/08302).

4.8.3.2 Purificacéo

Os extratos foram purificados conforme descrito por Rodriguez-Saona & Wrolstad
(2001), com modificagdes. Os cartuchos de extracdo em fase solida (SPE) C18 (Strata,
Phenomenex, Torrance, CA) foram previamente condicionados com metanol e 4gua acidificada
com HCI 0,01% e, ap0s, o cartucho foi carregado com a amostra. Os compostos polares foram
eluidos com dois volumes de solugdo aquosa com HCI 0,01%. Os compostos fendlicos ndo-
antocianicos foram eluidos usando acetato de etila e os antocianicos com metanol acidificado
(com HCI 0,01%). Os extratos foram concentrados em rotaevaporador rotativo (36 °C), e as
amostras foram reconstituidas em 1 mL da fase movel A ndo antocianica (agua Milli-Q® e &cido
férmico, na proporcdo de 99,5: 0,5%, v/v). Apds, as amostras foram filtradas por membranas
Millipore 0,45um (Millex LCR 0,45 um, 13 mm) e imediatamente injetadas no aparelho HPLC-
DAD-MS/MS.

4.8.2.3 Condigdes cromatograficas e HPLC-DAD-MS/MS

A identificacio dos compostos fendlicos foi realizada em cromatografo (Shimadzu®,
Quioto, Japdo), equipado com duas bombas (Shimadzu LC-20AD), um desgaseificador
(Shimadzu DGU-20A) e forno de coluna (Shimadzu CTO-20A), conectado em série a um
detector de arranjo de diodos (Shimadzu SPD-20A) e conectado a um espectrofotometro de
massas (MS) com analisador quadrupolo por tempo de voo (Q-Tof) e fonte de ionizagdo por

eletropray (ESI) (Bruker Daltonics, modelo micrOTOF-QIII, Bremen, Alemanha). A coluna
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utilizada foi a C18 Phenomenex SynergiTM, 250 x 4,6 mm, 4um (Allcrom®, Sio Paulo,
Brasil).

Para 0os compostos ndo-antocianicos a fase movel A foi constituida por uma mistura de
agua Milli-Q® e acido férmico (99,5:0,5%, v/v) e a fase movel B por uma mistura de acetonitrila
e acido férmico, nas mesmas proporgdes (99,5:0,5%, v/v), em um gradiente linear de 99:1 (v/v)
fase movel A/B para 50:50 (v/v) A/B por 50 minutos, e entdo 50:50 (v/v) A/B para 1:99 (v/v)
AJ/B por 5 minutos. Essa razdo foi mantida por mais 5 minutos. A taxa de fluxo da corrida foi
de 0,7 mL.min" a 29 °C e o volume de inje¢do de 5 pL.

Os espectros UV-Vis foram obtidos entre 200 e 600 nm, e 0S cromatogramas
processados a 280, 320 e 360 nm. Os espectros de massas foram adquiridos com uma varredura
de m/z 100 a 1000. Os parametros de MS foram definidos da seguinte forma: fonte de ESI em
modo negativo; tenséo capilar, 3000 V; temperatura do dry gas (N2), 310 °C; taxa de fluxo, 8
L.mint; gas de nebulizacéo, 30 psi. MS/MS configurado no modo automatico.

Os compostos fendlicos foram identificados com base na ordem de eluicdo e no tempo
de reten¢do na coluna; caracteristicas do espectro UV-Vis e de MS em comparagdo com padrdes
analisados nas mesmas condicdes e; dados disponiveis na literatura. Além disso, 0s compostos
foram quantificados por HPLC-DAD-MS/MS, utilizando uma curva analitica de sete pontos,

conforme Tabela 16. LOD e LOQ foram calculados conforme descrito por Ribani et al. (2004).

Tabela 16. Faixas de concentracio, coeficiente de correlacéo (R?), limites de deteccio e limites

de quantificacdo dos padrdes de compostos fenolicos

Composto Fenélico Faixa de concentragéo Coeficiepte de LOD LOQ
(mg.L?) correlagdo (R?)  (mg.LH)  (mg.L?)

Acido caféico 0.36 - 12.02 0.9961 0.97 2.94
Acido clorogénico 0.74 - 24.00 0.9960 0.77 2.34
Acido cumérico 0.05-12.00 0.9935 0.28 0.86
Acido elagico 0.05-12.00 0.9925 0.55 1.67
Acido fertlico 0.05-12.00 0.9940 0.85 2.56
Acido galico 0.75-24.00 0.9963 0.62 1.87
Acido hidroxibenzéico 0.75-22.71 0.9952 221 6.71
Catequina 0.70 - 69.00 0.9905 1.50 4.53
Galato de Epigalocatequina 0.10-69.00 0.9964 0.09 0.26
Kampferol 0.05-12.00 0.9925 0.03 0.11
Luteolina 0.10-50.00 0.9931 0.34 1.04
Miricetina 0.28 - 50.05 0.9938 1.23 3.71
Quercetina 0.40 -50.00 0.9942 0.71 2.15
Quercetina 3-glicosideo 0.11-51.98 0.9997 0.07 0.20
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Composto Fendlico Faixa de concentracéo Coeficiente de LOD LOQ

(mg.L?) correlagdo (R?)  (mg.Lh)  (mg.L?)
Resveratrol 0.70 - 50.00 0.9969 1.94 5.89
Rutina 0.11-15.99 0.9931 0.18 0.54

LOD: limite de deteccdo; LOQ: limite de quantificacdo.

Baseando-se na identificacdo dos compostos fenolicos das frutas, os mesmos foram
quantificados nos extratos hidroetanolicos. Para isso, 0,0400 g do extrato liofilizado foi pesado
em microtubos e suspenso em 2 mL de agua Milli-Q. Os extratos foram homogeneizados com
vortex (Multifunctional vortex K40-1020, Kasvi) por 1 min e colocados em ultrassom (Unique,
modelo USC 1400A) por 2 min. Em seguida, os extratos foram centrifugados (Hettich® MIKRO
200R, Alemanha) a 25.000 g durante 5 min, retirando-se o sobrenadante. Esse processo foi
repetido com o sobrenadante para, apds, se obter o extrato com concentracdo final de 20.000
mg.L. As amostras foram filtradas em membranas PTFE Millipore 0,45um (Millex LCR 0,45
um, 13 mm) e imediatamente injetadas no aparelho HPLC-DAD-MS/MS.

4.9 Extratos hidroetandlicos
A formulacdo de um extrato utilizando agua e etanol como solucdo extratora foi

escolhida por apresentar boa eficiéncia na extracdo de compostos fenolicos, além de possibilitar
futuras aplicagdes destes extratos em produtos alimenticios e/ou farmacéuticos. O uso do etanol
como solvente é uma boa alternativa, ja que a extracdo usual de compostos bioativos envolve
solventes organicos com alta toxicidade (como metanol e acetona, por exemplo) e ndo
necessitaria de etapas complexas de purificacdo. Além disso, tem como vantagem o baixo custo
e é considerado ecoldgico devido a sua baixa toxicidade (BLIDI et al., 2015; TORMA et al.,
2017).

Para a formulacdo de extratos hidroetanolicos foram selecionadas espécies que se
destacaram quanto aos resultados obtidos na analise da capacidade antioxidante, pelo ensaio
ABTS e, além disso, apos revisdo da literatura, aquelas que possuiam menos informacgdes nas
bases de dados cientificas. Assim, trés espécies foram incluidas: a Arumbeva (Opuntia elata
Salm-Dyck), o Butia da Praia (Butia catarinensis Noblick & Lorenzi) e o Butia da Serra (Butia
eriospatha (Mart. ex Drude) Becc).

O extrato hidroetanolico foi obtido de forma exaustiva. Para a formulacao dos extratos,
foi seguido o metodo utilizado por Rockenbach et al. (2008), com modificagdes. Foram

adicionados 20 mL da solugdo extratora (etanol P.A em agua a 50%) a amostra liofilizada (0,5
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g) e a mistura foi homogeneizada em Ultra-Turrax® (T 25 digital, IKA, Staufen, Alemanha)
por 2 minutos. A concentracdo escolhida baseou-se no estudo de Torma et al. (2017) que
avaliou a capacidade antioxidante e os efeitos neuroprotetores de extratos hidroetandlicos de
Acai (Euterpe oleracea). Apos, o extrato foi centrifugado (4K15, Sigma Laborzentrifugen
GmbH, Osterode am Harz, Alemanha) a 3.000 g por 5 minutos a 20 °C e o sobrenadante foi
armazenado em frasco ambar. O processo foi repetido 4 vezes e os sobrenadantes combinados
para obtencdo do volume total de 80 mL. O extrato foi concentrado em rotaevaporador (Q334.2,
Quimis®, Diadema, S&o Paulo, Brasil) para remocédo do etanol, congelado a -80 °C e, ap0s,
liofilizado (L101, Liotop®, S&o Carlos, SP, Brasil). A auséncia de compostos fendlicos no
sobrenadante foi verificada previamente utilizando o reagente Folin-Ciocalteau, seguindo a
metodologia proposta por Borbalan et al. (2003) e Castagna et al. (2014), com modificaces.
Foram adicionados 1375 pL do reagente de Folin-Ciocalteu (Sigma-Aldrich Chemical®, St.
Louis, EUA) preparado (375 mL de &gua para 37,5 mL do reagente) a 25 pL da amostra, que
reagiram por 8 minutos. Em seguida, foram adicionados 600 uL de agua destilada e 500 L de
carbonato de sddio a 20%. A solucéo foi homogeneizada e deixada em repouso durante 30 min
ao abrigo da luz. A absorbancia foi lida a 750 nm a temperatura ambiente no espectrofotometro
(Shimadzu UV-Vis 1800/08302).

4.10 Capacidade Antioxidante

4.10.1 Métodos in vitro
4.10.1.1 Ensaio ABTS

A determinacdo da capacidade antioxidante total das espécies foi feita pela captura do
radical livre [2,2'-azino-bis-(4cido 3-etilbenzotiazolina-6-sulfonico] (ABTS) segundo a
metodologia utilizada por Rufino et al. (2007). O ensaio foi feito com a fruta liofilizada e com
0 extrato hidroetandlico descrito no item 4.9.

Para a extragdo na fruta, 1 g da amostra liofilizada foi homogeneizada em Ultra-Turrax®
(T 25 digital, IKA, Staufen, Alemanha) com 20 mL de metanol 50%, deixando a mistura em
repouso por 60 minutos em ambiente escuro. Apds, o extrato foi centrifugado (Himac CR21

GIII, Hitachi Koki Co., Toquio, Japdo) a 25.400 g por 15 minutos e o sobrenadante foi
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armazenado em baldo volumétrico ambar de 50 mL. Esse processo foi repetido com acetona
70% substituindo o metanol e, ao final, o extrato foi avolumado para 50 mL com agua destilada.

A partir do extrato obtido foram preparados tubos de ensaio, com no minimo, trés
dilui¢des diferentes, em triplicata. Em ambiente escuro, foi transferido uma aliquota de 100 uLL
de cada diluicdo do extrato para tubos de ensaio com 1,0 mL do radical ABTS-+, os tubos foram
homogeneizados em agitador e foi realizada a leitura a 734 nm em espectrofotdmetro
(Shimadzu® UV-1800A), apds 6 minutos da mistura. Os resultados foram expressos como
uUM.g* de Trolox.

Com os extratos hidroetanodlicos liofilizados, foram preparadas solucGes estoque e, a
partir delas, trés diluicdes foram feitas para cada espécie, em triplicata. Para as solugdes
estoque, os extratos foram pesados (0,0400 g para os Butias e 0,0800 g para a Arumbeva) em
microtubos de centrifugacdo e diluidos com 2 mL de agua Milli-Q. Os extratos foram
homogeneizados com vortex (Multifunctional vortex K40-1020, Kasvi) por 1 min e colocados
em ultrassom (Unique, modelo USC 1400A) por 2 min. Apds, os extratos foram centrifugados
(Hettich® MIKRO 200R, Alemanha) a 25.000 g durante 5 min, retirando-se o sobrenadante.
Esse processo foi repetido com o sobrenadante. Foram obtidas solu¢des com concentracdo final
de 20.000 mg.L* para os Butias e 40.000 mg.L™* para a Arumbeva.

Foram preparados tubos de ensaio, com no minimo, trés dilui¢fes diferentes (a partir
das estoques, pontos de 20.000, 10.000 e 5.000 mg.L para os Butias e de 40.000, 30.000 e
20.000 mg.L ! para a Arumbeva), em triplicata. Em ambiente escuro, uma aliquota de 30 pL de
cada diluicdo do extrato foi transferida para tubos de ensaio com 3,0 mL do radical ABTS-+,
os tubos foram homogeneizados em agitador e foi realizada a leitura a 734 nm em
espectrofotbmetro (Shimadzu UV-1800) apds 6 minutos da mistura. Os resultados foram

expressos como uM.g* de Trolox.

4.10.1.2 Ensaio da Glutationa (GSH)

A capacidade de protecdo dos extratos hidroetandlicos foi testada contra a oxidagao da
GSH na presenca de peroxido de hidrogénio (H20:2) pela quantificagdo do desaparecimento dos
grupos sulfidril (-SH) da GSH. Nos tubos de ensaio foram adicionados 100 pL de agua
destilada, 100 pL de H202 (5 mM), 120 pL tampéo fosfato de potassio pH 6,8 (1 mM), 100 pL

64



de GSH (6 mM) e diferentes concentracdes dos extratos hidroetandlicos (concentracgdes finais
no meio de 200, 300 e 400 mg.L™ para a Arumbeva e 50, 100 e 200 mg.L™ para os Butias).
Os tubos de ensaio foram homogeneizados com voértex (Multifunctional vortex K40-
1020, Kasvi) e incubados ao abrigo da luz e a temperatura ambiente por 60 minutos. Apos 0
término da incubagdo, 100 uL. dessa solucdo incubada foram adicionados em um tubo com 2
mL de 5,5'-ditiobis-(2-nitrobenzéico) (DTNB 0,01 mM). A mistura foi agitada em vortex e a
intensidade da coloracdo amarela foi avaliada por espectrofotdometro a 412 nm (ELLMAN,

1959). Os resultados foram calculados a partir de 4 replicatas.

4.10.1.3 Ensaio da Desoxirribose

A capacidade dos extratos hidroetanolicos em remover o radical hidroxil (*OH) formado
a partir da reacdo de Fenton foi avaliada também pelo método da degradacdo da desoxirribose,
segundo metodologia descrita por Halliwell, Gutteridge e Aruoma (1987). O radical ‘OH
gerado pela reacéo do cloreto férrico (FeClz) e do &cido etilenodiaminotetracético (EDTA) na
presenca de acido ascorbico, forma Fe>EDTA que, por sua vez, reage com H2O; para formar
Fe*EDTA e ‘OH através da reagdo de Fenton. O radical ‘OH, apés formado, reage com 0 2-
desoxirribose formando malondialdeido, que sob aquecimento com o &cido tiobarbitlrico
(TBA) apresenta uma coloracdo rosa que é quantificavel por espectrofotometria a 532 nm.
Portanto, substancias antioxidantes que forem adicionadas podem competir com 2-
desoxirribose pelo *‘OH reduzindo a formacdo da coloragéo rosa.

Em tubos de ensaio foram adicionados tampé&o fosfato de potassio pH 7,4 (50 mM), 100
puL de FeClz (1 mM), 100 puL de EDTA (1 mM), 100 uL de agua destilada, 100 uL da 2-
desoxirribose (60 mM) e diferentes concentracdes dos extratos hidroetanélicos (concentracbes
finais no meio de 200, 300 e 400 mg.L* paraa Arumbeva e 50, 100 e 200 mg.L* para os Butias).
Apos, foram adicionados 100 pL de acido ascérbico (2 mM) e 100 pL de H202 (10 mM). Os
tubos de ensaio foram mantidos em aquecimento no banho maria (De Leo B45 Digital, Porto
Alegre, RS, Brasil) a 37 °C por 1 h para ocorrer a rea¢cdo. Apos, 1 mL de TBA e 1 mL de &cido
cloridrico (25%) foram adicionados aos tubos, e foram mantidos sob aquecimento em banho
maria (Dubnoff NT 232 — Novatecnica®, Piracicaba, SP, Brasil) a 100 °C por 15 min. Ap0s esse
periodo, foram resfriados a temperatura ambiente e a absorbancia foi medida a 532 nm. Os

resultados foram calculados utilizando a férmula a seguir:
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Geracdo de 'OH = A1 — A2 x 100 + A0

Onde A0 ¢ a absorbancia na auséncia de extrato e presenca da desoxirribose; Al € a absorbancia
na presenca de extrato e presenca da desoxirribose e A2 é a absorbancia na presenca de extrato

e auséncia da desoxirribose (branco da amostra).

4.10.1.4 Ensaio Oxygen Radical Absorbance Capacity (ORAC)

A capacidade antioxidante foi determinada de acordo com a metodologia de Huang et
al. (2005), com adaptacGes. Este método verifica a capacidade sequestradora de um
antioxidante frente a um radical peroxila (ROO-) produzido pela decomposicdo térmica do
AAPH a 37 °C. O método ORAC é diferenciado por ser conduzido em condic¢Bes proximas as
fisioldgicas (temperatura 37 °C e pH 7,4) e com um radical livre que ocorre naturalmente nos
alimentos (peroxila). Em cada po¢o de microplaca foram adicionados 25 uL dos extratos
previamente diluidos em tampéao fosfato de potassio 75 mM (pH 7,4) e 150 uL da solucdo de
trabalho de fluoresceina (81 nM). A placa (SPL Life Science, Gyeonggi-do, Coréia) foi
incubada por 10 min a 37 °C, sendo os Gltimos 3 min sob agitacdo constante. Apds, foram
adicionados 25 uL da solucdo de AAPH (152 mM). Para o monitoramento do decaimento da
fluorescéncia foi utilizado um leitor de fluorescéncia (Enspire 2300, Multimode Plate Reader,
Perkin Elmer, USA) a 37 °C por 90 min ou até atingir menos de 0,5% do valor inicial. Foram
usados comprimentos de onda de excitacdo e emissdo de 485 nm e 528 nm, respectivamente
(HUANG; OU; PRIOR, 2005).

Apds, foi calculada a area sob a curva (AUC) e o valor do branco (sem antioxidante) foi

subtraido para se obter a AUC liquida. A AUC é dada pela seguinte formula:

_ fl1 f2 f3 fn
AUC_1+f_0+f_O+f_O+m+ﬁ

Onde fn é a fluorescéncia relativa em um ciclo de leitura (1 min) e fO a fluorescéncia no tempo
zero.

Foi confeccionada uma curva padrdo com Trolox (8 - 96 uM) e os resultados foram
expressos como pmol de equivalente ao Trolox por g de extrato seco da fruta (umol TE g

extrato seco).
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4.10.2 Meétodo in vivo
4.10.2.1 Experimento in vivo com Caenorhabditis elegans

As cepas de C. elegans N2 (tipo selvagem) e emissoras de fluorescéncia (TJ356 DAF-
16:GFP), foram obtidas do Centro Genético Caenorhabditis (Twin Cities, Minessota, Estados
Unidos). A cultura foi mantida a 20 °C em placas contendo Escherichia coli OP50 (substrato)
em meio de crescimento de nematodos (NGM) (60 x 10 mm), conforme metodologia de
Brenner (1974).

Para o0 processo de sincronizacdo, uma populacdo de L1 (primeiro estagio larval) foi
obtida pelo isolamento de embriGes de hermafroditas gravidos usando uma solucdo de
branqueamento (NaCl a 1% e NaOH a 0,25 M) e uma solucdo de sacarose a 30% para separar
0s ovos por flotagdo. Os ovos foram lavados com solugdo tampdo M9 (KH2PO4 0,02 M,
Na2HPO4 0,04 M, NaCl 0,08 M e MgSO4 0,001 M) e incubados durante a noite (12h) em placas
de 4gar NGM estéreis, como descrito anteriormente por Avila et al. (2012).

Para avaliacdo do estresse oxidativo, os nematoides foram expostos aos extratos em
diferentes concentragdes por 30 min & 20 °C. Em seguida, foram submetidos a determinacéo da
taxa de sobrevivéncia, seguindo as metodologias descritas por Avila et al. (2012) e geracgéo de
ROS conforme metodologia descrita por Chardo et al. (2015). Todos os resultados foram
expressos em % do grupo controle.

Para a determinacdo da taxa de sobrevivéncia, 2.500 nematoides foram expostos aos
extratos e colocados em placas contendo meio NGM semeadas com E. Coli OP50 (60 mm x
10 mm). Apés 24 horas, com auxilio de lupa, foi verificado o nimero de C. elegans
sobreviventes. A geracdo de ROS foi avaliada utilizando 1.500 nematoides e as condicdes
descritas anteriormente. Ao final da exposicdo, os C. elegans foram lavados e suspensos em
100 pL de solugdo NaCl (0.9 %), adicionando-se em seguida o DCFH-DA (2'-7'- diacetato
diclorofluoresceina). O composto fluorescente formado a partir da oxidacdo do DCFH-DA pela
acdo das ROS (DCF), foi quantificado em leitor de microplacas (Enspire 2300, Multimode Plate

Reader, Perkin Elmer, USA) a 485 nm de excitacdo e 530 nm de emissao.

4.11 Acurécia dos Métodos Analiticos
O material de referéncia certificado Baby Food Composition (NIST 2383a) foi adquirido

do National Institute of Standards and Technology® (NIST) (Gaithersburg, Estados Unidos).
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Esse tipo de material serviu como base para verificar a exatidao de algumas medigdes analiticas,
objetivando garantir a sua confiabilidade. Os materiais de referéncia geralmente sdo
caracterizados baseados na exatiddo de todo o processo experimental e, dessa forma, o valor
certificado da propriedade representa a melhor estimativa do valor verdadeiro (CARDOSO et
al., 2010). Considerando que ndo existiam materiais para todas as anélises quimicas realizadas
e que os alimentos sdo considerados matrizes complexas, optou-se pelo material mais
semelhante a amostra, devido a composicao da “comida de beb&” ser uma mistura de frutas,
legumes, macarrao, farinha de arroz e leite em pé.

Os métodos analiticos foram avaliados quanto aos parametros de validacdo de Exatiddo
e Preciséo (ICH, 1996; INMETRO, 2007). Avaliou-se a exatidao (acurécia) em 3 replicatas do
material de referéncia certificado composicdo centesimal e carotenoides. O valor obtido estava
dentro da faixa de variacdo aceitavel para os analitos. A precisdo (coeficiente de variacdo)
avaliou a repetibilidade pela analise de 3 replicatas do material de referéncia certificado. Ambos
os parametros foram calculados com base nas mesmas analises. A Tabela 17 apresenta a faixa

de valores cerificado acetaveis para o material de referéncia e os resultados obtidos nas analises.

Tabela 17. Comparacdo dos valores obtidos nas analises e certificados do material de referéncia
certificado (MRC) Baby Food Composition.

Analise do MRC Valores certificados MRC
Andlise Média Desvlo Coef|c!en'5e de Média Minimo Maximo
Padréo Variacdo
Umidade (g.100g?) 78,79 0,14 0,18 77,55 75,51 79,59
Cinzas (g.100g™) 0,73 0,02 3,17 0,71 0,642 0,768
Proteinas (g.100g™) 1,91 0,04 2,28 1,96 1,78 2,14
Fibra dietética total (g.100g™) 0,89 0,005 0,55 1,00 0,34 1,66
Carboidratos 17,69 - - 19,42 17,32 21,52
Luteina (mcg.100g™?) 41,18 3,05 7 89 29 149
Zeaxantina (mcg.100g™) 67,00 14,65 22 67 34 100
Criptoxantina (mcg.100g™) 92,25 3,73 4 96 0 279
a-caroteno (mcg.100g™) 73,44 3,00 4 82 31 133
B-caroteno (mcg.100g™) 351,61 17,59 5 347 197 497

Resultados expressos em base Umida. MRC: material de referéncia certificado; ND: ndo detectado. Carboidratos

foram calculados por diferenca: 100 — umidade — cinzas — proteina — lipideo — fibra total.

Todos os valores estavam dentro dos limites maximo e minimo estipulados pelo material
de referéncia, indicando a precisdo dos métodos analiticos e a confiabilidade dos resultados
obtidos.

Para as vitaminas, a exatidao, que representa o grau de concordancia entre os resultados
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encontrados em um determinado ensaio e um valor de referéncia aceito como verdadeiro, foi
verificada por ensaio de recuperacdo e por adicdo padréo (RIBANI et al., 2004). A recuperagéo
é definida como a proporc¢éo da quantidade da substancia de interesse, presente ou adicionada
na por¢édo analitica do material teste, que é extraida e passivel de ser quantificada (RIBANI et
al., 2004). As medicgOes foram expressas em termos de porcentagem da quantidade medida da
substancia em relacdo & quantidade adicionada na matriz e em comparagdo com o teor
encontrado no rétulo de determinado material, em nove determinagdes envolvendo trés

diferentes niveis de concentracao.

Tabela 18. Resultados dos ensaios de recuperacéo e adigdo padrdo para as vitaminas analisadas.

% %
Vitamina Material analisado Recuperacéo Recuperagéo
do padréo conforme rétulo

Tiamina (B1) Aveia Quaker® 96 91,1
Riboflavina (B2) Aveia Quaker® 101 90,4
Niacina (B3) Aveia Quaker® 95 81,8
Acido pantoténico (B5) Ninho® 97 70,8
Piridoxina (B6) Arrozina Maizena® 114 84,2
Biotina (B7) Arrozina Maizena® 75 119

Os intervalos aceitaveis de recuperacao para analise geralmente estdo entre 70 e 120%,

com precisdo de até £ 20%. Assim, os valores encontrados estdo de acordo com o aceitavel.

4.12 Analise Estatistica
Os parametros fisico-quimicos, composicdo centesimal, minerais, vitaminas,

quantificacdo dos teores de compostos bioativos, assim como capacidade antioxidante nas
diferentes espécies foram avaliados em triplicata e os resultados foram expressos em média *
desvio padrdo. A analise estatistica foi realizada utilizando a analise de variancia ANOVA, com
teste de comparacdo das médias pelo teste de Tukey ao nivel de 5 % de significancia; assim,
em todos os casos foram considerados diferencas significativas quando p < 0,05.
Adicionalmente, foram realizadas analises de componentes principais (ACP). As analises
estatisticas foram realizadas utilizando os softwares GraphPad Prism® 10.0 (La Jolla, CA,
EUA) para andlise de C. elegans , OriginPro® 8.0 (Northampton, MA, EUA) para o teste ORAC

e Statistica 12.0 (Statsoft Inc., Tulsa, USA) para as demais comparagdes.
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ABSTRACT

The present study aimed to analyze the nutritional composition of Brazilian native fruits - Butia
da Praia, Butia da Serra, Acai Jucara, Arumbeva, Maracuja do Mato, Fisalis and Jaracatia. Fresh
pulps were evaluated for their pH, titratable acidity, soluble solids, moisture, ash, protein, lipid,
dietary fiber and mineral contents. The value obtained for soluble solids of Butia da Praia was
higher. For ash and protein, Jaracatia was highlighted. Acai Jucara and Arumbeva can be

considered an excellent source of dietary fibers and all fruits had a high percentage of insoluble
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fibers. Arumbeva was especially noted in calcium, magnesium, manganese and zinc, and
Jaracatia in calcium and potassium contents. The results also showed variation among the
different harvests. The use of these native species can be considered as an alternative to improve
the Brazilian population diet and the results of this work can stimulate the demand, consumption

and cultivation of these fruits, contributing to sustainable development.

KEYWORDS: Biodiversity; Brazilian fruits; Food analysis; Food composition; Nutrients.

1. INTRODUCTION

The Biodiversity for Food and Nutrition Project (BFN) is a multi-country and multi-
partner initiative that aims to conserve biodiversity to improve nutrition in Kenya, Sri Lanka,
Turkey, and Brazil (BFN, 2018). BFN is funded by the Global Environment Facility and
coordinated by Bioversity International with implementation support from the United Nations
Environment Programme and the Food and Agriculture Organization of the United Nations
(BFN, 2018; Hunter et al., 2016). Relevant ministries, scientific community, non-governmental
organizations, civil society and local communities are the national partners (BFN, 2018; Hunter
etal., 2016).

The Project addresses the decline of diversity as follows: a) Providing evidences -
demonstrating the nutritional value of agrobiodiversity and its role in promoting healthy diets
and strengthening livelihoods; b) Influencing policies - using the evidence generated by the
Project to impact strategies, programs and markets that support the preservation and sustainable
use of agrobiodiversity with nutritional potential for improving nutrition and human well-being
and; c¢) Raising awareness - providing tools, knowledge and best practices for intensifying the
use of biodiversity for food and nutrition in development programs, value chains and local
community initiatives (BFN, 2018).

In Brazil, to strengthen the evidence and knowledge base for the nutritional value of
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native biodiversity, partnerships were established with universities and research institutes in
order to compile existing data in the scientific literature and to analyze the nutritional
composition of 70 edible plants species previously identified as underutilized and with
economic potential by the "Plants for the Future" initiative, a project of the Brazilian Ministry
of the Environment (Beltrame et al., 2016; BFN, 2018; Coradin, Siminski, & Reis, 2011; Hunter
etal., 2016).

Brazil is considered to be a country with the highest biological biodiversity in the world,
and it has a large number of plant species, many of them found in the Southern Region that
includes the states of Parana, Santa Catarina, and Rio Grande do Sul (Bvenura & Sivakumar,
2017; Coradin et al., 2011). Although the country has climatic and geographical characteristics
favorable to the production of these species and they present excellent economic and nutritional
potentials, they are still not widely used by the population (Coradin et al., 2011; Schiassi, Souza,
Lago, Campos, & Queiroz, 2018). This biodiversity is potentially highly nutritious and
exploring this underutilized food source could provide sustainable solutions to diversifying
food production and tackling nutritional disorders and other malnutrition issues (Beltrame et
al., 2016; Moura de Oliveira Beltrame et al., 2018). Thus, a nutritional characterization of the
native species is considered crucial to increase its use (Schiassi et al., 2018).

Many barriers and obstacles prevent further integration of biodiversity and food security
(Hunter et al., 2016), including the knowledge and the evidence gap existent around native
biodiversity and its nutritional value with still limited or non-existent data (Beltrame et al.,
2016; Moura de Oliveira Beltrame et al., 2018; Oliveira, Yamada, Fagg, & Brandao, 2012). In
addition, there is divergence in some published data, since there are papers which use unofficial
or non-standardized methodologies. Using quality control materials and reporting the results
are vital for work related to biodiversity, so that variability due to methodology may be
separated from biological variability (Burlingame, Charrondiere, & Mouille, 2009). The use of
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food composition data depends on its reliability and, to ensure this, aspects such as the
collection and preparation of the sample; choice of the analytical method and its validation;
proper execution of the method (which implies the use of quality control procedures) and;
critical review of the values obtained are essential (Greenfield & Southgate, 2003).

Native Brazilian fruits received more attention from researchers because of its potential
to improve human health (de Siqueira, Rosa, Fustinoni, de Sant’Ana, & Arruda, 2013). Despite
this, in recent years, the patterns of food purchases by the Brazilian population have changed
significantly. The evaluation of the individual food consumption of the Family Budget Survey
(IBGE. Instituto Brasileiro de Geografia e Estatistica & Coordenacdo de Trabalho e
Rendimento, 2011) showed that, on average, Brazilians consume less than 120 g of fruit per
day (including fruit juice), which is considerably lower than the intake recommended by World
Health Organization guidelines of 400 g per day (WHO, 2003) and recommendations published
in the Dietary Guidelines for the Brazilian Population (BRASIL. Ministerio da Sa(de, 2014).
In addition, several international guidelines recommend the consumption of two servings of
fruits and three servings of vegetables per day, but their intake is thought to be low worldwide
(Miller et al., 2016).

In this context, in order to disseminate the nutritional potential of native species, this
study aimed to analyze the physicochemical and nutritional composition of 7 Brazilian native
fruits - Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex Drude) Becc., Euterpe
edulis Mart., Opuntia elata Salm-Dyck, Passiflora actinia Hook., Physalis spp. and

Vasconcellea quercifolia A.St.-Hil.

2. MATERIALS AND METHODS
2.1 Chemical reagents
All reagents used in the experiments were with analytical grade purity. Sodium
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phosphate monobasic and bibasic, sodium hydroxide and anhydrous sodium sulfate were
obtained from Neon Comercial® (Suzano, SP, Brazil). Hydrochloric acid (HCI), supra pure
sulfuric acid, chloroform, acetone, ethanol and methyl alcohol were purchased from Dindmica
Quimica Contemporanea LTDA.® (Diadema, SP, Brazil). The total dietary fiber assay kit was
purchased from Sigma-Aldrich Chemical Co.® (St. Louis, MO, USA). Water was purified by
Milli-Q® Integral 10 system by Merck Millipore. The certified reference material SRM 2383a
(Baby Food Composition) was acquired from the National Institute of Standards and

Technology (NIST) (NIST, n.d.).

2.2 Samples

The samples were obtained from different cities of the Brazil southern region (Paran4,
Rio Grande do Sul and Santa Catarina states) after being properly identified and the botanical
species confirmed by a specialist biologist. The exsicatas were collected and deposited in the
Institute of Biosciences Herbarium of the Federal University of Rio Grande do Sul (UFRGS).
Each specie was collected at the ripe stage in at least two harvests, from February 2016 to

August 2017. Table 1 shows detailed information for each harvest.

Table 1. Detailed information on the species harvested.

Scientific name /

Common name in Sample _Origin Geo_graphical Quantity Harvest Herbarium
Brazil number (City, State) coordinate (GPS) harvested Month/year  number §
Euterpe edulis Mart. / 1 Magquiné, RS 29°39'1.02"S 7.5 kg Feb/2016 185666
Acai Jugara 50°8'55.07"W
2 Florianépolis, SC 27°37'57.84"S 8.0 kg May/2016 187149
48°28'40.20"W
3 Dom Pedro de 29022'37.78"S 12.0 kg May/2016 185673
Alcantara, RS 49°51'54.61"W
Opuntia elata Salm- 1 Cacapava do Sul, RS 30°49'49.87"'S 6.0 kg Aug/2016 187673
Dyck / Arumbeva 53°29'56.64"W
2 Cagcapava do Sul, RS 30°50'34.45"S 6.0 kg Aug/2016 187674
53°30'12.34"W
3 Cacapava do Sul, RS 30°5327.92"S 6.0 kg Aug/2016 187675
53°28'15.69"W
4 Bagé, RS 30°51'51.72"S 5.0 kg Sep/2016 187676
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Scientific name /

Common name in Sample _Origin Gquraphical Quantity Harvest Herbarium
Brazil number (City, State) coordinate (GPS) harvested Month/year  number §
53°42'10.13"W
Butia catarinensis 1 Torres, RS 29°18'52.20"S 8.5 kg Feb/2016 185667
Noblick & Lorenzi / 49°45'36.19"W
Butia da Praia 2 Osorio, RS 29°85'24.66"S 7.0 kg Mar/2016 185665
50°22'76.86"W
3 Laguna, SC 28°25'27.86"S 6.0 kg Mar/2016 185664
48°47'20.87"W
Butia eriospatha (Mart. 1 Pinhal da Serra, RS 27°49'37.28"S 12.0 kg Apr/2016 185670
ex Drude) Becc. / Butia 51°14'26.15"W
da Serra 2 Pelotas, RS 31°67'80.74"S 5.5 kg Apr/2016 187145
52044'32.71"W
3 Curitibanos, SC 27°11'40.63"S 14.0 kg Mar/2016 194091
50037'04.97"W
Physalis spp. / Fisalis 1 Morro Reuter, RS 29°32'3.93"S 3.0 kg Sep/2016 193949
51°5'37.67"W
2 Viaméo, RS 30°5'50.71"S 2.0 kg Oct/2016 193950
50°49'58.73"W
3 S&o Francisco de 29°25'02.50"S 0.6 kg May/2017 194853
Paula, RS 50°33'35.56"W
4 Jaraguéd do Sul, SC 26°17'51.09"S 3.4 kg Aug/2017 194854
49°09'19.65"W
Vasconcellea 1 Garibaldi, RS 29°18'44.63"S 2.3 kg Mar/2017 194092
quercifolia A. St.-Hil. / 51°36'52.58"W
Jaracatia 2 Planalto Alegre, SC 27°04'28.73"S 1.1 kg Feb/2017 194093
52°51'00.65"W
Passiflora actinia 1 Curitiba, PR 25°26'49.39"S 5.0 kg Dec/2016 193972
Hook. / Maracuja do 49014'22.55"W
Mato 2 Sé&o José dos Pinhais, 25°30'45.14"S 5.0 kg Dec/2016 193973 and
PR 49012'6.94"W 193974

RS: Rio Grande do Sul; SC: Santa Catarina; PR: Parana. 1 Institute of Natural Sciences (ICN) Herbarium of the
Federal University of Rio Grande do Sul (UFRGS).

Samples were initially selected by visual inspection (removing the damaged units) and

underwent a washing process. After washing, the samples were depulped and homogenized

(DES-20, Braesi®, Caxias do Sul, RS, Brazil). The samples were processed to obtain the edible

part: Arumbeva, Fisalis, and Jaracatia were analyzed in an integral way (peel, pulp and seeds);

the Acai Jugara and the Butiés, the peel and the pulp were selected, removing the core and; for

passion fruit the pulp and the seeds were selected, removing the peel.

The pulps were then lyophilized (L101, Liotop®, Sdo Carlos, SP, Brazil), packed in

sealed vacuum plastic bags (F200 flash, Fastvac®, Santo André, SP, Brazil) and stored below
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freezing temperature (-18 °C).

2.3 Physicochemical analyses

Ten uniform units of each species and harvest were evaluated individually and at the
same maturation stage. Height and length measurements were performed with a steel caliper
(Brasfort®, Guarulhos, SP, Brazil) and the weight was evaluated on an analytical balance
(AY220, Shimadzu®, Kyoto, Japan).

All analyses were performed in triplicate. Fresh pulps of the samples were evaluated for
their pH by potentiometric electrometric method with pH-meter (model Q400AS, Quimis®,
Diadema, SP, Brazil), total titratable acidity (TTA) by titration with sodium hydroxide - NaOH
0.1 N, and total soluble solids (TSS) by direct reading in portable pocket digital refractometer

(PAL-3, ATAGO® U.S.A,, Inc., Bellevue, WA, USA).

2.4 Centesimal Composition

The samples were also quantified for their moisture, ash, protein, lipid and dietary fiber
contents according to the methodology described by the Association of Official Analytical
Chemists (AOAC) (AOAC, 2012).

Moisture and ash contents were determined by the gravimetric method in a chamber at
105 °C and by incineration at 550 °C, respectively; protein content was estimated using the
Kjeldahl method, and the protein concentration was estimated using a nitrogen conversion
factor of 6.25; and lipid content was measured by the Bligh-Dyer method using a cold extraction
with chloroform and methanol (Bligh & Dyer, 1959).

The carbohydrate levels were calculated using the following formula: 100 — (% protein +
% lipid + % total dietary fiber + % ash) all in dry basis.

Total dietary fiber (TDF) and insoluble dietary fiber (IDF) were determined according to
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the gravimetric enzymatic method in dry matter. In the digestion process, the samples were
heated at 100 °C with the a-amylase and incubated at 60 °C with protease and amyloglucosidase
enzymes. The soluble dietary fiber (SDF) was calculated as the difference between the total and
insoluble fractions.

The total energy value was estimated using the conversion factors of 4 kcal.g™ for protein
or carbohydrate content and 9 kcal.g™* for the lipid content: Energy (kcal) = 4 x (g protein + g

carbohydrate) + 9 x (g lipid).

2.5 Minerals

The lyophilized samples were homogenized in a multiprocessor. For digestion,
approximately 0.3 g were weighed in triplicate, adding 5 mL of Milli-Q® water, 5 mL of nitric
acid P.A and 1 mL of hydrogen peroxide. The samples were heated for 5 min at 90 °C, 10 min
at 150 °C, 5 min at 200 °C and 10 min at 200 °C (power 1000 W) and, after cooling, transferred
to a 25 mL volumetric flask.

Calcium (Ca), Potassium (K), Sodium (Na), Magnesium (Mg), Iron (Fe), Zinc (Zn),
Manganese (Mn), Copper (Cu), Phosphorus (P) and Selenium (Se) analyzes were performed at
the Laboratory of Inorganic Analysis of the Science and Technology Foundation (CIENTEC,
Porto Alegre, Brazil).

Ca, K, Na, Mg, Fe, Mn and Cu and were determined by atomic emission spectrometry
with microwave plasma. Zn was determined by atomic emission spectrometry with microwave
plasma in Acai Jucara; Arumbeva, Butid da Serra 1 and 3 and Butia da Praia 2 and 3 samples
and by flame atomic absorption spectrometry in the other samples. P was determined by
molecular absorptiometry (yellow vanadomolybdate method) and Se was determined by atomic
absorption spectrometry with graphite furnace.

The limits of detection (LOD) and quantification (LOQ) of minerals were as follows:
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Ca: 0.3 and 4.0 mg.Kg™®; Cu: 0.08 and 0.8 mg.Kg™; Fe: 0.2 and 0.8 mg.Kg™; K: 0.02 and 4.0
mg.Kg™; Mg: 0.3 and 4.0 mg.Kg™; Mn: 0.04 and 0.8 mg.Kg™*; Na: 0.1 and 20.0 mg.Kg?; P:

0.014 and 0.018 g.100g™; Se: 0.09 and 0.25 mg.Kg™ and Zn were 0.97 and 3.0 mg.Kg™.

2.6 Evaluation of Method Accuracy

The evaluation of method accuracy for centesimal composition was performed using
certified reference material from the National Institute of Standards and Technology (NIST,
Gaithersburg, MD, USA) of Baby Food Composition (NIST 2383a) (NIST, n.d.; Phillips,
Sharpless, & Wise, 2013). Average (minimum-maximum) values of certified material
expressed in g.100g* of fresh weight were: 77.55 (75.51-79.59) for moisture; 0.71 (0.642-
0.768) for ash; 1.96 (1.78-2.14) for protein; zero for lipids; 1.00 (0.34-1.66) for total fiber and
19.42 (17.32-21.52) for carbohydrate.

Also, mineral content was determined in a laboratory certified by the ISO/IEC 17025

(International Organization for Standardization, n.d.).

2.7 Statistical analysis

Principal component analysis (PCA) was applied to improve the visualization of the
results. Thus, the data were arranged in an array of rows (21 samples) and columns (12 chemical
parameters and 9 minerals). The data were standardized (correlation matrix) and submitted to
PCA.

The statistic was performed using the analysis of variance (ANOVA) with a test of
comparison of the means by applying a Tukey test at a significance level of 5% using Statistica

12.0 software (StatSoft Inc.).

3. RESULTS AND DISCUSSION
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PCA is used to reduce the dimensionality of a data set containing a large number of
inter-related variables. The generated image allows global analysis of the results and suggests
which attributes characterize the sample, and therefore becomes a suitable tool when the system
has many variables and it is necessary to find the most influential for the result. Figure 1 shows
PCA with the samples and the evaluated attributes (chemical composition) of spatial
distribution to simplify the results visualization, as represented by Principal Components 1, 2

and 3, which make up 81.14% of the totality.

Fig 1 Principal Component Analysis (PCA) of chemical composition of Agai Jucara (AJ),
Arumbeva (AR), Butia da Praia (BP), Butia da Serra (BS), Fisalis (F), Jaracatia (J) and
Maracuja do Mato (M). IDF: insoluble dietary fiber; SDF: soluble dietary fiber; TDF: Total
dietary fiber; TSS: total soluble solids; TTA: total titratable acidity
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Table 2 shows the physicochemical results obtained for the species assessed. The
parameters of weight, height and length give an idea of the dimensions of the studied species.
pH values ranged from 2.75 (Butia da Serra 2) to 5.28 (Jaracatia 2), and the acidity level ranged
from 0.28 to 2.92 g citric acid.100g™ (Acai Jugara 3 and Maracuja do Mato 2, respectively).
The TSS is related to sugar content, which is an important feature when correlated to sweetness.
Species with higher sweetness are more likely to be accepted by consumers (Schiassi et al.,

2018). In this parameter the average value obtained for all collections of Butia da Praia was
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higher (12.87° Brix). The TSS/TTA ratio was high for Jaracatias as well as for 2 samples of
Acai Jucara. The pH and TSS values found are in agreement with other studies that analyzed
some of these same species, although the values of the TTA, expressed as percentage of citric
acid, found in our study were higher than found by other studies (da Silva, Rodrigues,
Mercadante, & De Rosso, 2014; Dal Magro, Coelho, Haida, Berté, & Moraes, 2006; El Sheikha,
Zaki, Bakr, El Habashy, & Montet, 2008; Inada et al., 2015; Pereira et al., 2013; Rigo, Bezzera,
& Coérdova, 2010; Schmeda-Hirschmann, Feresin, Tapia, Hilgert, & Theoduloz, 2005;

Sganzerla, 2010).
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Table 2. Physicochemical parameters of Acai Jugara, Arumbeva, Butia da Praia, Butia da Serra, Fisalis, Jaracatia and Maracuja do Mato.

Coa%ng:n?&r:m%i;?z” Weight (g) Height (cm)  Length (cm) pH (O-II-_D,Srin) (% C;It-r-li-(f\aci d) TSS/ITTA
Acai Jucara 1 2.22 +0.072 1.47 £ 0.062 1.50 £ 0.00? 5.25 +0.042 8.25+0.002 0.42 +0.022 19.85
Acai Jucara 2 1.41+0.15° 1.25+0.09° 1.33+0.05*  502+0.08° 3.67£0.33° 0.39+0.032 9.43
Acai Jucara 3 1.49 £ 0.16° 1.29 + 0.142 1.32+£0.10P 5.12+0.01° 5.33+0.29° 0.28 £0.02° 19.31
Arumbeva 1 34.69+3.278 5.04+0.26*  3.70 +£0.24% 3.79+0.01° 7.00 £ 0.002 1.12 +£0.02° 6.24
Arumbeva 2 38.11 £4.15* 519+0.32° 3.73+0.16* 3.84 +£0.04° 7.06 £ 0.102 1.15 +0.02° 6.16
Arumbeva 3 37.04+251* 4.82+0.14> 3.72+0.16 3.79+0.01° 7.17 £0.292 1.11 +0.01° 6.43
Arumbeva 4 3549+ 3478  474+028° 3.70+0.24% 4.05 £ 0.01° 7.67 £ 0.502 1.38 +£ 0.04% 5.55

Butia da Praia 1 341+0.07° 1.90+0.00%®> 1.69+0.16° 3.46 £0.132 12.00 = 0.002 1.10 £ 0.02° 10.89
Buti4 da Praia 2 411 £0.142 2.14 £0.212 1.98 + 0.15? 3.36 £0.212 13.25 +1.302 1.28 + 0.05P 10.37
Butia da Praia 3 2.46 = 0.16° 1.77 £ 0.08° 1.63+0.17° 3.18 £0.022 13.38 £ 0.632 1.45+0.072 9.20
Butié da Serra 1 12.71£1.33% 284%0.27*  2.68+0.08 3.07 £0.032 9.33+0.17° 2.11+0.032 4.43
Butia da Serra 2 11.31+1.23* 2.18+0.05> 2.68+0.07 2.75 % 0.03° 6.42 + 0.14° 1.98 + 0.05% 3.24
Butié da Serra 3 5.32 £ 0.53° 1.84+0.20° 2.09+0.07° 3.00 + 0.00° 12.83 £ 0.442 1.60 + 0.07° 8.01
Fisalis 1 3.59 +£0.29° 1.75+0.09 1.82+0.07° 3.77+£0.022 9.33 £0.29° 1.58 + 0.03" 5.92
Fisalis 2 4.56 £+ 0.32° 1.82 +0.072 1.94 + 0.072 3.72£0.092 8.58 £ 0.72° 1.93 +0.022 4.44
Fisalis 3 3.67 £0.26° 1.78 £ 0.062 1.80 + 0.08° 3.36 £ 0.03° 13.89 + 0.542 1.59 + 0.01° 8.73
Fisalis 4 3.84+0.37° 1.74+0.08  1.84+0.12*>  329+0.02° 10.17 £ 0.93° 1.59 + 0.04° 6.41
Jaracatia 1 7.89 £0.792 436+043*  1.86+0.16° 5.16 + 0.05° 12.17 £ 0.762 0.42 £ 0.012 28.93
Jaracatid 2 7.71+0.822 395+0.13"  2.09+0.14? 5.28 £ 0.032 6.50 £ 0.17° 0.29 +£0.02° 22.37
Maracuja do Mato 1 12.36 £1.01° 3.21+0.12*®  2.95+0.08° 3.04 £0.012 11.22 + 0.25% 2.68 + 0.00° 4.19
Maracujé do Mato 2 13.98+1.36® 3.26+0.17¢  3.04 +0.08° 3.03+0.012 11.61 + 0.952 2.92 +0.082 3.97

TSS: total soluble solids; TTA: total titratable acidity.
Results expressed as wet basis. For weight, heigth, length: values are the mean of 10 replications (+ standard deviation). For pH, TSS, TTA: values are the mean of 3 replications

(z standard deviation).

Different lowercase superscript in the same column indicate statistically significant difference for the same species (between harvests) by Tukey test (p<0.05).
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Centesimal composition of the different species analyzed is presented in Table 3. High
moisture values were observed in most samples with total content varying from 61.41% (Acai
Jucara 2) to 89.29% (Buti& da Serra 2). The ash content evaluation showed values between
2.82% (Maracuja do Mato 1) and 9.78% (Jaracatia 2). Regarding protein content, the values

varied from 3.56% (Arumbeva 3) to 19.66% (Jaracatia 2).
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Table 3. Centesimal composition of Acai Jucara, Arumbeva, Butia da Praia, Butia da Serra, Fisalis, Jaracatia and Maracuja do Mato.

Coa”r’]‘;“g:r:;r:ﬁl'fr‘nig?z” Moisture (%)  Ash (%)  Protein (%)  Lipid (%) TDF (%) IDF (%) SDF (%) Carb?%drate Ilfgg‘l'ig‘g;gf)’
Acai Jucara 1 62072050° 307£009° 615013  825%080° 6653100  67.43%022° ND 16.00 61.75
Acai Jucara 2 6141+099° 312+000 502+048" 1342+055  60.83+0.95°  60.84 + 216" ND 16.71 81.54
Acai Jucara 3 673040548  400+006° 685+002%  698+013°  64.05+054% 60974023  308+032 18.12 53.05
Arumbeva 1 84.06+198° 7.72+045% 464+007%  091+004° 5000047  4504+111°  4.96+0.64b 36.74 26.12
Arumbeva 2 83.80+166° 823+047%°  472+041°  089+006°  4931+210b  52.30 5942 ND 36.84 28.22
Arumbeva 3 8109+ 160° 7.00+025b¢ 356+020° 050+006°  62.69+350°  5249+084 1321+ 150 26.07 2231
Arumbeva 4 8205+ 0540  669+0.17° 389+042°¢ 055+004° 538243060 476143178  6.21+0.79° 35.04 28.83

Butia da Praia 1 83.02+118° 370+035% 475+010° 11.52+4124°  3039+0094>  2530+0.78° 510+ 0.16° 49.64 54.53
Buti4 da Praia 2 8096+ 012>  329+024b  459+033°  676+008°  2741+0.65°  21.35+024°  6.07 +0.423 57.94 59.23
Buti4 da Praia 3 8451+020° 424+028° 569+030° 010+054>  3397+025°  2884+018  513+007° 47.01 45.35
Buti4 da Serra 1 86.72+026> 541+012%  612+0548 153+0148  2424+008°  17.94+015°  6.30+0.08° 62.69 38.39
Buti4 da Serra 2 89.29+010°  373+006° 562+012%  136+012°  27.31+0.13%  2228+0778  503+0.645 61.98 30.29
Buti4 da Serra 3 8552+025° 4.79+004° 468+023°  175+001°  17.79+0.37°  0.83+022  7.97+0.15° 70.99 46.09
Fisalis 1 8417+037% 542+013% 1248+050° 107+004°  3591+167>  3448+168*°  143+0.01° 45.11 37.98
Fisalis 2 8256+ 017%0 477+000° 873+012°  0.89+008>  3426+272°  27.46+179  6.81+0.93 51.35 43.30
Fisalis 3 8215+ 1170 525+014> 475+020° 117+002%  3629+199®  2010+022°  4.86+0.68" 53.56 42.77
Fisalis 4 8134+028> 688+116° 7.12+045°  071+004° 4531 +046°  40.85+ 5043 ND 39.98 70.22
Jaracatid 1 8073+ 053>  7.09+0.16> 17.13+074* 491+001°  2251+1775  17.68+005°  7.34+ 1828 47.46 58.30
Jaracati 2 87.02+045  978+041° 19.66+156° 384+038°  31.02+041°  3020+0.65 082 +0.24b 35.70 33.23
Maracujd do Mato 1~ 7356+ 147°  2.82+008°  8.18+043  184+008  3314+125  37.16+0.39° ND 54.02 70.16
Maracujido Mato 2 79.67+0.92¢ 3614013  7.83+037°  145+001°  3685+026°  31.91+075°  4.94+048 50.26 49.88

IDF: insoluble dietary fiber; ND: not detected; SDF: soluble dietary fiber; TDF: Total dietary fiber.

Results expressed as dry basis (except for moisture and Kcal, expressed as wet basis). Values are the mean of 3 replications (+ standard deviation).

Different lowercase superscript in the same column indicate statistically significant difference for the same species (between harvests) by Tukey test (p<0.05).
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For ash and protein, Jaracatia was highlighted, with higher mean values. The highest
values found for Jaracatids indicate that this fruit presents itself as an excellent protein source,
which stands out from the other fruits studied (on average 3 times more) and since this food
group does not necessarily represent a source of this nutrient (Fitzpatrick et al., 2012).

Most species have a low-fat content ranging from 0.59% (Arumbeva 3) to 13.42% (Acai
Jucara 2). In general, the lipid content of the Acai Jucara and Butia da Praia samples were high
and, on the other hand, Arumbeva samples had the lowest values. The high values of moisture
and low lipid values are characteristic of foods with plant origin (especially fruits and
vegetables), composed mainly of a high content of carbohydrates, fibers and minerals (Fulton,
McKinley, Young, Cardwell, & Woodside, 2016). The energy value of species ranged from
22.31 kcal.100g (Arumbeva 3) to 81.54 kcal.100g™? (Acai Jucara 2), with carbohydrate
contents (on dry basis) ranging from 16.00% (Acai Jucara 1) to 70.99% (Butia da Serra 3).

For the total fiber content, levels between 17.79% and 66.53% (Butia da Serra 3 and
Acai Jucara 1, respectively) were found, most of which were of the insoluble type. According
to the World Health Organization (WHO), it is necessary to consume 25 g to 40 g dietary fiber
daily. The consumption of dietary fibers has many health benefits and the increased
consumption of fruits and vegetables is linked with reduced risk of major diseases, such as
cardiovascular disease, stroke and several cancers (Dai & Chau, 2017; Fulton et al., 2016).
Therefore, Acai Jucara and Arumbeva can be considered excellent dietary fibers sources
(INSTITUTE OF MEDICINE, 2002). Insoluble dietary fiber consists mainly of cell wall
components (e.g., cellulose, lignin, hemicellulose) and have the ability to improve the
gastrointestinal tract of humans in distinct ways, for instance, providing bulking effect, hence
increasing stool mass, alleviating constipation, and improving regularity (Dai & Chau, 2017;
Macagnan, da Silva, & Hecktheuer, 2016).

Table 4 and Figure 2 shows the mineral composition and the relationship among the
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mineral concentration for the species. The assessed species showed significant amounts of
minerals. The PCA is represented by Principal Components 1, 2 and 3, which make up 80.05%

of the totality.
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Table 4. Mineral composition of Acai Jugara, Arumbeva, Butia da Praia, Butia da Serra, Fisalis, Jaracatia and Maracuja do Mato.

Common name

in Brazil and Ca Cu Fe K Mg Mn Na P Zn
sample number
. 249.51 +6.30° 1.15 + 0.06° 2.27 +0.10° 1138.83 + 105.77 + 2.45° 13.53+0.622 19.83 £1.92° 92.49 + 0.60° 2.74+£0.228
Acai Jucara 1 17.932
Acai Jucara 2 243.59 + 1.55P 1.28 £ 0.032 2.59 +£0.07° 979.10 +5.87° 183.96 + 1.02° 12.77 + 0.65% 33.51 +1.90° 111.12 £1.17° 2.79+0.342
Acaf Jucara 3 322.82 +2.13? 0.91 +0.04¢ 3.77+0.232 1085.18 + 205.77 + 3.69? 6.11+0.10° 20.13 £ 2.57° 116.71 £ 2.712 2.63 +0.36°
36.91°
Arumbeva 1 1356.93 + 0.56 + 0.09? 2.11+0.16° 2417.14 + 463.89 + 8.15? 66.72 +5.217 7.96 + 0.60? 84.31 + 1.66° 4.38 + 0.45?
28.72° 61.73?
Arumbeva 2 1123.17 + 0.61 + 0.06% 5.66 + 0.15° 1845.50 + 373.53 +11.20° 48.46 + 1.88° 5.46 + 0.36° 113.68 + 2.56° 2.59 +0.19°
21.19° 60.99°
Arumbeva 3 1056.19 + 0.48 + 0.06% 2.78 +0.25° 1710.74 + 310.16 + 16.09¢ 30.57 + 1.35°¢ 5.99 +0.28° 123.47 + 6.143P 2.50 + 0.09°
39.29° 79.15P
Arumbeva 4 927.06 + 7.34° 0.55 +0.032 2.38 +0.120¢ 1829.68 + 489.59 + 4.31° 66.11 + 1.79? 5.01 +0.05° 130.85 + 6.932 2.61+0.15°
12.45P
Buti4 da Praia 1 54.58 + 2.89? 0.88 + 0.012P 2.09+0.122 1758.21 + 79.54 +1.33? 3.88 £ 0.08? 60.01 +1.75°¢ 170.85 + 2.29° 0.93 +0.04°
23.872
Butia da Praia 2 49.51 + 1.462 0.79+0.12° 2.01+0.042 1183.89 + 6.66° 74.57 +0.88° 1.98 +0.02° 80.55 + 0.06? 219.10 +1.15% 0.93+0.07°
Buti4 da Praia 3 53.20 + 3.61° 1.05+ 0.052 1.74 +£0.01° 1707.56 + 74.66 + 0.68° 3.43+0.05° 71.94 + 0.40° 174.16 + 5.60° 1.29+0.13?
26.232
Buti4 da Serra 1 42.84 + 1.80? 1.09 + 0.02° 3.57 +0.20° 2336.67bi 47.93 + 1.65° 3.24 +£0.112 3.14 +0.53° 165.85 + 3.552 1.48 +0.112
41.92
Butia da Serra 2 44,18 + 2.29? 1.19+£0.032 1.34 +0.08° 1415.69 + 6.79¢ 66.94 + 0.51° 1.45 +0.03° 941+1.18 169.41 + 0.002 0.79 + 0.02°
Buti 42.97 +2.23? 0.96 + 0.03° 7.37 £ 0.30% 2410.65 + 537.82 + 13.20? 1.88 +0.02° 8.09 + 0.242 172.03 + 4.022 1.62 +0.29%
utia da Serra 3 13.21
Fisalis 1 44.74 + 2.37° 1.21+0.052 4.87 +0.02° 2374.42 + 162.74 + 0.66" 1.58 + 0.01? 14.48 + 0.66° 302.23 +3.30° 2.13+0.06%
47.60?
Fisalis 2 49.69 + 5.33? 0.63+0.03° 4.20 +0.15° 2068.26 + 156.34 + 4.57° 1.38 £0.07° 25.62 +1.31° 339.44 +9.612 1.57+0.10°
49.26°
Fisalis 3 33.11 +0.46° 1.09 +0.00° 4.27 +0.15° 2138.67 + 140.85 + 0.57¢ 0.99 + 0.05°¢ <LOD 182.82 + 8.05¢ 1.51+0.01°
34.49°
Fisalis 4 33.08 +3.91° 1.22 +0.02% 5.39+0.19? 2500.78 + 17712 +4.732 1.28 +0.06° <LOD 206.38 + 11.78° 1.77 £0.05°
64.46%
Jaracatia 1 515.16 + 16.52? 0.92 +0.04° 5.04 +£ 0.472 3774.17 + 399.60 + 4.422 2.09 +0.022 8.13+1.01 489.09 + 2.02? 2.97 + 0.062
26.96°
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Common name

in Brazil and Ca Cu Fe K Mg Mn Na P Zn
sample number
3 26 531.80 + 1.16? 1.10 £ 0.022 5.45+0.23? 3342.60 + 385.24 +12.172 1.71+0.01° <LOD 196.58 + 2.68° 1.56 + 0.03"
aracatia 2 17 38
Maracujé do 29.45+2.27° 1.08 £ 0.022 2.36 £ 0.062 1430.89 + 108.73 +0.00° 1.11 +0.032 11.33+£0.00% 192.17 +2.62° 3.73+£0.152
Mato 1 32.70°
Maracujé do 38.17 +£ 0.66° 1.07 £0.042 2.32+0.072 1507.69 + 114.89 +£1.75% 0.99 +0.01° 9.89 +0.24° 208.02 + 0.66° 3.70£0.042
Mato 2 17.492

LOD: limit of detection.
Results expressed as dry basis and in mg.100g*. Values are the mean of 3 replications (z standard deviation).
Different lowercase superscript in the same column indicate statistically significant difference for the same species (between harvests) by Tukey test (p<0.05).
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Fig 2 Principal Component Analysis (PCA) for mineral content of Agai Jugara (AJ), Arumbeva
(AR), Butia da Praia (BP), Butia da Serra (BS), Fisalis (F), Jaracatia (J) and Maracuja do Mato
(M)
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The samples of Arumbeva presented high content of calcium, magnesium, manganese,
and zinc. The calcium content also stood out in Jaracatia, which obtained the highest values for
potassium. It is known that calcium intake is one of the many factors that affect the development

of peak bone mass and the preservation of bone mass in adults, being an essential mineral in
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the composition of bones (Balk et al., 2017). Furthermore, Brazil is included among the
countries with the lowest calcium intake index (Balk et al., 2017). The Butia da Serra exhibited
the highest and lowest values for magnesium (harvest 3 and 1, respectively). Selenium was not
detected in any of the samples analyzed in this study. The nutritional value of fruits is directly
correlated with their mineral profile as minerals play an important role in the prevention of
numerous diseases (Benevide Sereno et al., 2018). These micronutrients are involved in
processes of human physiological metabolism, and proper intake is essential for the prevention
of diseases related to the deficiency (Leterme, Buldgen, Estrada, & Londofio, 2006).

The significant differences between physico-chemical, centesimal composition and
mineral content found in this study among different samples harvested from different locations
can be explained by aspects such as soil, climate, time of the year, and genetic variability that
may have influenced the outcomes (Leterme et al., 2006; Schiassi et al., 2018).

The accuracy of a method is preferably determined by the analysis of certified reference
materials that have been analyzed, often using several compatible methods, by a group of skilled
analysts to provide certified values together with the confidence limits of that value (Greenfield
& Southgate, 2003). The results obtained for the centesimal composition of the certified
reference material were (g.100g™* of fresh weight): 78.79 + 0.14 for moisture, 0.73 + 0.02 for
ash, 1.91 = 0.04 for protein, 0 for lipids, 0.89 + 0.005 for total fibers and 17.69 for
carbohydrates. All values were within the maximum and minimum range stipulated by the
reference material, indicating the accuracy of the analytical methods and the reliability of the
obtained results. In addition, the use of different methods of analysis makes it difficult to
compare results between studies. Thus, the use of AOAC methodologies and the accuracy
verified with the use of NIST are positive aspects of this study.

The results obtained for the composition of the native Brazilian fruits showed variation
among the different harvests. In general, the fruits evaluated presented high moisture content,
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low lipid content and a good amount of fiber, especially the insoluble type, which indicates
high commercial potential due to their nutritional and functional properties. Regarding protein
content, the highest values found for Jaracatias indicate that this fruit represents an excellent
protein source and, for lipid content, samples of Acai Jucara and Butia da Praia stand out.

Mineral content evaluation showed that the fruits included in this study could contribute
to the adequate intake of these essential elements. Arumbeva was especially noted in calcium,
magnesium, manganese and zinc, and Jaracatia in calcium and potassium contents.

The use of the studied native species can be considered an alternative to improve the
Brazilian population diet and the results of this study can stimulate the demand, consumption

and cultivation of these fruits contributing to sustainable development.
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ABSTRACT:

Background: Brazil is considered a country with the highest biological biodiversity in the world and exploring this
underutilized food source could diversify food production and reduce nutritional problems.

Objective: This study aimed to determine the antioxidant capacity and the bioactive compounds of seven native fruits
from Brazil.

Method: The samples were obtained from different cities of Brazil after confirmation of the botanical species.
Carotenoids and anthocyanins were exhaustively extracted and injected into high-performance liquid chromatography.
The antioxidant capacity was determined by the capture of the free radical ABTS. Vitamin A activity was calculated
based on retinol activity equivalent. Complex B and C vitamins were determined by high-performance liquid

chromatography.

102



Result: The main carotenoid for all species was -carotene, and Jaracatia showed the highest amount of B-cryptoxanthin,
zeaxanthin, a- and B-carotene. Acai Jucara and the Butias stood out among fruits analyzed with the highest antioxidant
capacity (trolox equivalent). Concerning the anthocyanins, in the Acai Jucara were identified the compounds Cyanidin 3-
glucoside and Cyanidin 3-rutinoside. The values of all the compounds vary according to the harvest location. Jaracatia is
distinguished by the high vitamin A, C, B2, and B6 content, as well the Butias (Praia and Serra), for B1, B2, B5 and B7.
Vitamin B3 was only detected in Fisalis fruits and Acai showed higher content of B5.

Conclusion: Fruits included in this study had considerable amounts of bioactive compounds, vitamins and antioxidant

capacity showing that they can contribute to the improvement of the population diet.

Keywords: Anthocyanins; Carotenoids; High Performance Liquid Chromatography; Native fruit; Vitamins.

1. INTRODUCTION

In Brazil, many native fruit species can be found and countless are underexploited. These fruits can be consumed
in natura or used by the agroindustry for its potential, which can also benefit the health of the population and contributing
to sustainable development [1]. Native species are fundamental to the ecosystem and information about their nutritional
composition can stimulate consumption, including their introduction into the international market [2, 3]. Due to their
antioxidant potential and because they can be considered functional foods, many native fruits have been studied by the
growing interest in sustainably produced foods [4]. These fruits can be excellent nutritional sources of bioactive
compounds, such as anthocyanins, carotenoids, phenolic compounds and vitamins [2, 5].

Vitamins are organic substances present in small quantities in food, involved in the metabolism of humans, and
their presence in the diet is essential although, at a global population level, the vitamin status is far from being adequate
[6].

Considered an important antioxidant in food, vitamin C perform primordial functions of the human organism
reducing, for example, susceptibility to infections and acting on the healing and iron absorption [7, 8]. This vitamin cannot
be synthesized by human, being vegetables and fruits the main sources [7—9]. Besides, a variety of B-complex vitamins
(biotin, folic acid, pantothenic acid, riboflavin and thiamine) are found in fruits [9]. However, when compared to other
food groups, both in animal and vegetable sources, generally the amount of these vitamins are low [9, 10], but its content
should not be unvalued. This group includes compounds mostly involved in several biochemical reactions and be act like
enzyme cofactors or carriers between enzymes [6].

Among the natural pigments the carotenoids have beneficial properties that are important for human health, such

as antioxidant activity due to the ability to scavenging reactive oxygen species (especially singlet oxygen) and the ability
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to act as a precursor of vitamin A [11, 12]. In fruits, the composition of carotenoids is complex and variable, both
qualitatively and quantitatively [13] and this food group, together with the vegetables, are the ones that contribute most
to the consumption of carotenoids in the general population [12].

Anthocyanins or anthocyanin compounds are the responsible flavonoids for a wide range of colors in plants such
as blue, purple, violet, magenta and red. Cyanidin, delphinidin, malvidin, pelargonidin, peonidin, and petunidin are the
compounds commonly found in fruits [11, 14, 15]. This class of compounds also has potent antioxidant properties and
beneficial effects on human health [14, 15].

In this context, vitamins as well as carotenoids and anthocyanins, act as natural antioxidants and can effectively
eliminate free radicals [16] that are naturally produced as a by-product of human metabolism [17]. The overproduction
of reactive oxygen and nitrogen species, which are the most important classes generated in living systems, can play a key
role in many human chronic diseases [17].

There is a current need for individual identification and quantification of compounds present in foods [12, 13].
The determination of the total carotenoids, for example, through visible absorption at Amax Of the main carotenoid, although
still made and attractive for its simplicity, produces insufficient information [13]. Individual identification avoids under
or overestimations and also considers the different physicochemical properties and bioactivities [12, 13]. In this context,
it is important for consumers that information on the levels of compounds present in foods, especially those beneficial to
human health, is available. Furthermore, the provision of nutritional information can assist health professionals in
assessing the dietary intake of these compounds as well as providing information directly to consumers [18].

Based on this context, to spread the nutritional potentialities and provide novel compositional data, this research

aimed to determine the antioxidant capacity and the bioactive compounds of seven native fruits from Brazil.

2. MATERIALS AND METHODS
2.1 Chemicals and Equipment

All reagents used were of analytical grade or suitable for high-performance liquid chromatography (HPLC).
Most of the chromatographic analyzes were performed on an Agilent® chromatograph (1100 series, Santa Clara, USA),
equipped with a quaternary solvent pumping system (G1311A — DE14917573 Agilent 1100 Series, Waldbronn, Germany)
with a UV-Vis detector (G1314B — DE71358944 Agilent 1200 Series, Waldbronn, Germany), and a fluorescence detector
(G1321A — DE14903876 Agilent 1100 Series, Waldbronn, Germany). Vitamin C was analyzed in Waters Alliance®
chromatograph (2695, Milford, USA) equipped with a binary solvent pump system connected to a diode-array detector

(DAD 2996). Water was purified by Milli-Q® Integral 10 system by Merck Millipore (Millipore, Milford, USA). Millipore
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membranes (Millex LCR 0.45 um, 13 mm) were used for filtering samples and solvents. Other details can be found in the

previously published work [19].

2.2 Fruits samples

The samples were obtained from different cities of the South region of Brazil after confirmation of the botanical

species by a biologist. The exsiccates were deposited in the Institute of Biosciences Herbarium of the Federal University

of Rio Grande do Sul (UFRGS). For each species, at least two harvests were made and, when possible, up to four, from

February 2016 to August 2017 at ripe stage. Table 1 shows detailed information for each harvest.

Table 1. Detailed information on the seven native fruits harvested.

Edible

Sampl

Scientific name / . Geographical . Harvest .
Common name in part nurilbe (Cict) ngltr;te) coordinate t?a li\a;gsttlte)c/i Month/yea Hneurrtr)]%régy
Brazil . 4 (GPS) r
- 29°39'1.02"S
1 Maquiné, RS 50°8'55.07"W 7.5 kg Feb/2016 185666
Euterpe edulis Mart. /  Peel and Floriandpolis,  27°37'57.84"S
Acai Jucara pulp 2 sc agopga0.20mw SO0k May2016 187149
Dom Pedrode  29°22'37.78"S
3 Alcintara, RS 49°515461"w  120kg  May/2016 185673
Cacapava do 30°49'49.87"S
Whole 1 Sul. RS 53029'56 64" W 6.0 kg Aug/2016 187673
. Cacapava do 30°50'34.45"S
Opuntia elata Salm- (Eé’;} 2 Sul, RS 5303012.34"w  00Kd  Augl2016 187674
Dyck / Arumbeva ’ Cacapava do 30°53'27.92"'S
pulp and 3 Sul, RS £53028'15.69"W 6.0 kg Aug/2016 187675
e, Bagé, RS~ jSO°ISLIZS o pq10 sep016 187676
ge. 5342'10.13'w >~ <9 P
29°18'52.20"S
Sutia catarinensis 1 Torres, RS 49045'36.19"\W 8.5 kg Feb/2016 185667
0 L} n
Noblick & Lorenzi/ Fe€land Osorio, RS ~ 20092466'S 2410 Mar2016 185665
- . pulp 50°22'76.86"W
Butia da Praia 2892527 86"S
3 Laguna, SC 4804720 87"W 6.0 kg Mar/2016 185664
Pinhal da Serra, 27°49'37.28"S
sutia eriospatha - 1 RS 53110016 4728% 1754VSV 12.0 kg Apr/2016 185670
(Mart. ex Drude) 2 Pelotas, RS oA NI a1 5.5 kg Apr/2016 187145
- pulp 52044'32.71"W
Becc. / Butia da Serra 27011'40.63"S
3 Curitibanos, SC 50937°04.97"W 14.0 kg Mar/2016 194091
O 1 1]
Whole 1 MorroReuter,  29%828.93"S 5010 Sep/2016 193949
. - . RS 51°5'37.67"W
Physalis spp. / Fisalis fruit 3095'50. 71"S
(peel, 2 Viamao, RS ’ 2.0 kg Oct/2016 193950

50°49'58.73"W
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Edible  Sampl

Scientific name / art o Oriain Geographical Quantit Harvest Herbarium
Common name in P b coordinate y Month/yea -
. numbe (City, State) harvested number
Brazil r (GPS) r
pulp and Sdo Francisco ~ 29°25'02.50"S
seeds) O de Paula, RS~ 50°333556"w  00Ko  May/2017 194853
Jaragud do Sul,  26°17'51.09"S
4 SC 49°09'19.65" W 3.4 kg Aug/2017 194854
Whole S 29°18'44.63"S
Vasconcellea fruit 1 Garibaldi, RS £1036'52 58"\ 2.3 kg Mar/2017 194092
guercifolia A. St.-Hil.  (peel, \ "
It Planalto Alegre, 27°04'28.73"S
[ Jaracatia pulp and 2 SC 52951'00.65"W 1.1 kg Feb/2017 194093
seeds)
0 ) n
Passiflora actinia Pulp 1 Curitiba, PR 425;:33124?;;5359\/8\/ 5.0 kg Dec/2016 193972
Hook./ ,\'\/f:tgacuja do a;'feghse ) SioJosédos  25°3045.14"S Deci2ots 193973 and
Pinhais, PR 49°12'6.94"W 0 Kg 193974

RS: Rio Grande do Sul; SC: Santa Catarina; PR: Parana. * Institute of Natural Sciences (ICN) Herbarium of the Federal University of Rio Grande do
Sul (UFRGS).

After collection, the ripeness state was carefully checked by visual inspection (size, color, and firmness),
damaged units were removed, and the only ones proper for consumption were selected (ripe). Samples underwent into a
washing process in running water and were processed to obtain the edible part and homogenized (DES-20, Braesi, Caxias
do Sul, RS, Brazil). The pulps were then lyophilized (L101, Liotop®, Sdo Carlos, SP, Brazil), packed in sealed vacuum

plastic bags (F200 flash, Fastvac®, Santo André, SP, Brazil) and stored below freezing temperature (-18 °C).

2.3 Carotenoids and Anthocyanins

The carotenoids were exhaustively extracted according to Rodriguez-amaya [13] methodology with acetone in
Ultra-Turrax® (T 25 digital, IKA, Staufen, Germany). The chromatograms were processed at 450 nm on an Agilent®
chromatograph (1100 series, Santa Clara, USA). Identification were performed by comparing sample retention times and
their respective patterns under the same conditions. For quantification, a standard curve for carotenoids was constructed.
The analytical curve was linear for all standards and the limits of detection (LOD) and quantification (LOQ) were
respectively (ug.g™2): 6.90 x 10 and 1.15 X 102 for lutein; 9.56 X 102 and 1.59 X 102 for zeaxanthin; 2.11 X 102 and

3.51 X 107 for cryptoxanthin; 1.97 X 102 and 3.28 X 107 for a-carotene; 6.53 X 102 and 10.89 X 10 for B-carotene,

and 7.0 X 10 and 33.0 X 107 for lycopene.
Anthocyanins were exhaustively extracted and analyzed following Zanatta et al. [20] methodology using the
Iyophilized sample diluted with a methanolic solution of 1% HCI and homogenized in Ultra-Turrax®. The extract was

filtered and immediately injected into HPLC. The spectrum was processed at 520 nm on an Agilent® chromatograph
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(1100 series, Santa Clara, USA). The identification and quantification were performed in the same way as for carotenoids.
The LOD and LOQ were respectively (mg.mL™): 1.69 X 10 and 5.65 X 10! mg.mL™ to cyanidin-3-glycoside; 9.55 X
10t and 9.67 X 10"t mg.mL™ to cyanidin 3-rutinoside; 2.05 X 10 and 3.5 X 10 to cyanidin-3,5-glycoside; 1.16 X 10?
and 1.93 X 10! to delphinidin-3p-glycoside; 2.35 X 102 and 7.85 X 107 to pelargonidin-3-glycoside; and 2.37 X 10*
and 7.9 X 10 to pelargonidin-3,5-glycoside.

The detailed procedure including the chromatographic conditions and analysis for carotenoids and anthocyanins

were previously described by Schmidt et al. [19].

2.4 Antioxidant capacity (ABTS-+ method)

The antioxidant capacity of the species was determined by the capture of the free radical ABTS [21]. 1 g of the
Iyophilized sample was homogenized in Ultra-Turrax® with 20 mL of methanol/water (50%) leaving the mixture to stand
for 60 minutes in the dark. The extract was then centrifuged at 25,400 g/15 minutes (Himac CR21GlII, Hitachi Koki Co.,
Tokyo, Japan) and the supernatant was stored in a 50 mL amber volumetric flask. The same procedure was repeated with
acetone (70%) and the flask was filled distilled water. In triplicate, 100 uL of each extract in three different dilutions were
transferred to test tubes with 1 mL of the ABTS (diluted with ethanol) radical, which were homogenized and, after 6
minutes, read in a UV-Vis spectrophotometer (Shimadzu UV-1800) at 734 nm. During the preparation of the samples and
analyzes, the degradation of the compounds was minimized by maintaining the dark environment and the temperature

between 20 and 22° C.

2.5 Vitamins

Vitamin A activity was calculated based on retinol activity equivalent (RAE) [22]. For Complex B Vitamins, the
methodology of Moreschi [23] and Presoto & Almeida-Muradian [24] for B2 and B6; and Abe-Matsumoto et al. [25] for
B1, B3, B5 and B7 were followed with some adaptations already described [19]. The samples were stored in amber flasks
and filtered before HPLC analysis. A Cig ODS Phenomenex HyperClone™ column (120 A, 250 X 4.6 mm, 5um,
Allcrom®, S3o Paulo, Brazil) was used following the chromatographic conditions used by Schmidt et al. [19] on an
Agilent® chromatograph (1100 series, Santa Clara, USA). The UV-vis spectrum was obtained at 254 nm for B1 and B3
and at 209 nm for B5 and B7. For B2 and B6 the detection was done by fluorescence (excitation of 450 or 296 nm and
emission of 530 or 390 nm, respectively). The analytical curve was linear for all standards and the LOD and LOQ were

respectively (ug.g™): 4.48 X 102 and 1.49 X 10 to B1; 1.28 X 102 and 4.28 X 10 to B3; 6.64 X 10®and 2.21 X 107

to B2; 1.08 X 10%and 3.60 X 10%to B6;6.97 X 102 and 2.32 X 101 to B5; and 2.45 X 10® and 8.17 X 108 to B7. Based
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on Rosa et al. [26] methodology with some modifications the determination of vitamin C was performed. 2 g of the
Iyophilized sample and 20 mL of 0.05 M sulfuric acid were homogenized in an Ultra-Turrax® and centrifuged (25,400
g/15 minutes). In the Waters Alliance® chromatograph (2695, Milford, USA), the vitamin was separated using a C18
polymer column (250 mm X 4.6 mm, 5 um), 0.05 M sulfuric acid as mobile phase, a flow rate of 1 mL.min, and an
injection volume of 10 pL. The UV-vis spectrum was obtained at 254 nm and the vitamin was quantified compared to the

same day injected standard.

2.6 Statistical analysis

Samples were analyzed in triplicate and the results expressed as the mean + standard deviation. One-way analysis
of variance (ANOVA) and Tukey's test were used assuming significant differences when p <0.05. When applicable,
principal component analysis (PCA) was performed. All analyzes were performed on Statistica 12.0 software (StatSoft

Inc.).

3. RESULTS AND DISCUSSION
Table 2 shows the carotenoid profile and antioxidant capacity of seven species evaluated. As precursors of
vitamin A, carotenoids play an essential role in the diet, especially those from sources such as vegetables and fruits [5,

14].
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Table 2. Carotenoid composition and antioxidant capacity of seven native fruits from Brazil.

Common name in

ABTS

. . . B- . 2,2'-azino-bis-(3-
Bra2|rll Sr?% :Iarlmple Lutein Zeaxanthin cryptoxanthin a-carotene p-carotene Total Carotenoids ethylbenzthiazoli
ne-6-sulfonic acid
Acai Jucara 1 2228.02 £+ 287.67° 76.89 £ 11.728 <LOD 678.62 £ 47.77¢  3820.61 + 248.428 6804.14 + 522.022 355.31 £ 23.04°
Acai Jucara 2 1641.25 + 6.04° 74.39 + 1.762 <LOD 374.44 £+ 55.65°  2385.41 + 122.44° 4475.49 + 156.94° 104.83 £ 12.19°
Acai Jucara 3 1146.56 + 18.56° 63.71 + 1.672 <LOD 91.51 +10.82° 2965.26 + 422.91° 4267.04 + 417.98° 230.80 + 14.35P
Arumbeva 1 999.31 £ 128.95° 211.37 £ 15.402 <LOD 103.18 + 5.902 1497.75 £ 124.922 2811.62 + 164.57° 65.41 + 1.87¢
Arumbeva 2 996.52 + 106.69° 189.55 + 5.65° <LOD 96.85 + 5.16° 1379.95 £ 99.422 2662.87 + 189.67° 89.14 + 3.82¢
Arumbeva 3 746.06 + 29.97° 117.13 £ 3.46° <LOD 59.03 + 4.78° 1108.98 + 103.45° 2031.19 + 74.99° 46.96 + 0.53¢
Arumbeva 4 581.36 + 68.63" 61.22 + 3.10¢ <LOD 55.92 + 1.70° 877.64 + 114.48° 1540.47 £ 163.24° 72.23 £2.91°
Butia da Praia 1 947.55 + 89.40? <LOD <LOD <LOD 26944.90 + 1330.41*  27892.45 + 1241.14*  103.41 +9.15*
Butia da Praia 2 549.26 + 68.01° <LOD <LOD <LOD 16722.33 +£2518.43"  17271.59 + 2518.43"  102.46 + 12.33%
Butia da Praia 3 785.74 £ 32.05% <LOD <LOD <LOD 8753.76 + 231.16° 9539.49 + 230.66° 66.71 + 7.99°
Butié da Serra 1 841.50 £ 2.378 133.31+1.21° <LOD <LOD 8658.66 + 1228.42"  9633.46 + 1225.61° 219.44 £ 4,942
Butia da Serra 2 837.31+70.812 91.48 + 3.33" <LOD <LOD 10764.96 £ 401.75*  11693.75+413.072  152.04 + 17.35°
Butia da Serra 3 927.43 + 86.742 129.32 £ 9.012 <LOD <LOD 3733.17 + 471.76° 4789.93 + 439.93° 186.09 + 21.19%P
Fisalis 1 806.18 + 40.49° 198.85 + 17.682 266.66 + 4.48%  319.25+23.73"  9499.73 + 865.622 11090.67 + 947.79? 5.27 £ 0.57¢
Fisalis 2 587.08 + 31.30° 86.32 + 9.29° 140.10 + 18.62°  164.99 + 5.23¢ 4607.66 * 66.99° 5586.15 + 54.13° 26.36 + 1.68°
Fisalis 3 566.94 + 53.72° 205.48 + 14.60°  202.70 +22.50° 337.18 +16.13" 10258.25 + 1077.84% 11519.18 + 1247.60? 8.47 £ 1.09°
Fisalis 4 1111.39 + 124.112 183.13 £ 5.59? 247.98 £ 16.93* 413.39 + 14.99% 9556.09 + 310.122 11511.98 + 458.55? 33.19 + 4.31¢
Jaracatia 1 941.02 + 73.19° 303.27 + 36.36° 310.62 £2.34°  280.03+15.02" 25526.83 +3736.14° 27361.77 + 3821.20° 69.99 + 3.472
Jaracatia 2 1326.42 £ 155.53%  324.00 + 20.53*  453.76 + 63.15%  781.18 + 74.55%  44209.10 + 4622.10°  47094.47 + 4931.032 75.28 £ 6.172
Maracuja do Mato 1 82.77 £ 3.172 23.72 £ 1.08° 29.65 + 4.00° <LOD 613.55 + 35.432 749.69 + 37.392 27.08 +1.38°
Maracuja do Mato 2 94.54 + 9.482 47.28 £ 2.082 43.34 £ 5.56% <LOD 538.41 + 14.56° 709.20 £ 24.522 43.51 £ 1.672

LOD: limit of detection. Lycopene was not found in any of the fruits analyzed.

Results expressed as dry basis and in pg.100g™ (Carotenoids) and in Trolox equivalent uMol.g (ABTS). Values are the mean of 3 replications (+

standard deviation).

Different lowercase superscript letters in the same column indicate statistically significant difference for the same species (between harvests) by Tukey

test (p<0.05).
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In order to facilitate the visualization of the results, the Principal Components (PC) 1 and 2 include carotenoids
profile and the antioxidant capacity and represent the PCA in 78.43% of the total (Fig. 1). According to Table 2 and
Figure 1, the sample 2 of Jaracatid showed the highest amount of a- and B-carotene, B-cryptoxanthin and zeaxanthin thus

obtaining the highest total carotenoids content.

Figure 1. Bioactive compounds of Acai Jucara (AJ), Arumbeva (AR), Butia da Praia (BP), Butia da Serra (BS), Fisalis
(F), Jaracatia (J) and Maracuja do Mato (M) in the Principal Component Analysis (PCA). ABTS: 2,2"-azino-bis-(3-

ethylbenzthiazoline-6-sulfonic acid.
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Despite the variation of content between the different harvests, the main carotenoid for all species was f-
carotene, which has the highest potential of vitamin A and is usually the major one in fruits [13]. The results were also
calculated on a wet basis for comparison with other species. Jaracatid presented similar amounts of B-carotene (average
data 34868 ng.100g* dry weight (dw) and 5329 pg.100g? fresh weight (fw)) when compared to carrot (5360 pg.100g™*
fw) [5] and higher to other fruits, such as mango (2500 pg.100g fw) [27] and papaya (610 pg.100g™ fw) [27]. However
showed a lower value when compared to apricot (17000 pg.100g™* fw) [5] and buriti (36400 pg.100g™* fw) - Brazilian
food with the highest known B-carotene concentration [27]. For a-carotene the amount found in Jaracatia (average data
531 ug.100g* dw and 78 nug.100g™* fw) was higher than cashew (50 ng.100g™* fw) [27], but lower than in acerola (110

1g.100g* fw) and carrots (4500 ug.100g fw) [5].
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For B-cryptoxanthin, the value found in Jaracatia was also high (average data 382.19 ng.100g* dw and 59
1g.100g* fw), but lower when compared to papaya (700-860 pg.100g™* fw) [27, 28], peach (640 pg.100g™* fw) [28] and
nectarine (420 pg.100g fw) [27], fruits that are sources of this compound. In particular, lutein, present in all fruits studied,
and zeaxanthin can prevent age-related ocular diseases (mainly macular degeneration) [13, 18, 29]. Both xanthophylls,
commonly available in yellow and orange fruits/vegetables or green leafy vegetables, can potentially prevent or delay the
onset of these diseases and contribute substantially to eye health if consumed regularly [18, 29]. Acai Jucara presented
higher amounts of lutein (average data 1671 ug.100g™ dw and 617 ug.100g™ fw) which is lower than that found in sources
such as kale (6522 ng.100g™* fw) [5] and other fruit such as mango (3170 pg.100g™ fw) [5], but higher when compared
to acerola (130 ng.100g* fw) [5]. The amount of zeaxanthin was higher in Jaracatia (average data 314 ug.100g™* dw and
50 png.100g™ fw) when compared to a native Amazon fruit camu-camu (30 pg.100g™* fw) [27] but lower when compared
to mango (80-150 ng.100g? fw) [5, 27] and buriti (2000 ng.100g* fw) [27]. Fisalis and Jaracatia were the fruits that
presented a complete profile of the analyzed carotenoids. It is known that carotenoids act together with other chemical
constituents and may be associated with fatty acids, proteins, sugars or other compounds and as a consequence may alter
chemical and physical properties, influencing their biological function [30, 31]. Knowledge about the composition of
carotenoids may be useful in the selection of plants rich in a particular compound for the adequacy of dietary
recommendation and of the foods fortification, indicating prospects for the use of these species and their by-products [5].

The ABTS discoloration test is an in vitro method applicable to lipophilic and hydrophilic antioxidants and is
one of the most popular assays [16, 32]. Vitamins, phenolic compounds and carotenoids, abundantly present in fruits in
our daily diet, are the main natural antioxidants responsible for the human body defensive effects [3, 16]. In this work,
the Agai Jucara and the Butids stood out among fruits analyzed with the highest values of Trolox equivalent. The
relationship between antioxidant capacity and some of the bioactive compounds analyzed (carotenoids, vitamin C and /
or anthocyanins) was also evident for these three species, although the high content of total carotenoids (in Fisalis and
Jaracatia) and vitamin C (in Arumbeva and Jaracatia) did not reflect high values in ABTS. These results may demonstrate
some limitation of the chosen method. The antioxidant capacity of Acai Jucara stands out in several studies, regardless of
the assay used, presenting important functional properties [33, 34]. The high antioxidant capacity of Acai Jucara (Euterpe
edulis Mart.) is due the anthocyanins and studies show that it is higher than in Euterpe oleracea and Euterpe precatoria
[35]. Other study also emphasized the antioxidant capacity of Butia when compared to other Brazilian native fruits [36].
Comparatively, the average value of Agai Jucara (230 uMol Trolox.g™?) and Butia da Serra (186 uMol Trolox.g™)

surpassed the values found in the other acai - Euterpe oleracea - (95 uM Trolox.g™* dw) [1], cashew (85 puMol Trolox.g*
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dw) [1] and uvaia (168 pMol Trolox.g™ dw) [1]. However, they showed lower values than the ones found in jaboticaba
(266 uMol Trolox.g™* dw) [1], acerola (1073 pMol Trolox.g™* dw) [1] and camu-camu (1500 uMol Trolox.g™ dw) [1].

As expected, only Acai Jucara presented anthocyanins and two were identified. The amounts found in samples
1, 2 and 3 were, respectively (mg.100gdw): 11320.21 + 394.02, 6356.60 + 698.25 and 3578.16 + 36.09 for Cyanidin 3
glucoside; 15804.06 + 777.84, 8932.72 + 981.23 and 5188.60 + 52.33 for Cyanidin 3 rutinoside; 27124.27 + 1171.86,
15289.32 + 1679.49 and 8766.76 + 88.42 for total anthocyanins. Sample 1 showed the higher amounts, and all values
differed significantly between harvests. The species analyzed are very similar to another one found in the country (Euterpe
oleracea); however, in contrast to the use of the fruit, the extraction of the palm heart is the main commercial activity,
which in an illegal way contributes to the species being endangered [33, 34]. In other studies that analyzed Acgai Jugara,
lower values were found (47-61 mg.100g* and for cyanidin 3-glucoside and 179-195 mg.100g* for Cyanidin 3-rutinoside)
although Cyanidin-3-O-rutinoside has also been the main compound [33, 37].

The co-presence of different phytochemicals may result in synergism or antagonism in biological activities such
as inhibition of oxidation, inflammation and proliferation of cancer cells [31]. Although the combined activities of
carotenoids and anthocyanins have not yet been elucidated [31], the presence of both pigments in Acai Jugara deserves
attention because, in general, fruits have only one class of pigments.

The influence of the edaphoclimatic factors is clear since the values of all the compounds vary according to the
location of the harvest. The chemical composition of the fruits is strongly determined by local environmental factors,
mainly by the influence of climate and soil, radiation, temperature, humidity, air current, as well as fruit characteristics,
such as maturation and storage conditions. When combined, these factors can influence the nutrient content of the plant
by altering its phytochemical metabolism [38, 39].

Table 3 shows the results of the vitamins. In the Figure 2, vitamins are represented by PC 1 and 2, with the
exception of vitamin B5, which is represented by PC 3. The three components represent 75.18. % of total. According to
these results, the samples of Jaracatia are distinguished by the high vitamin A, vitamin C, B2 and B6 content (Fig. 2), as
well as the Butias (Praia and Serra) presented high values for some B vitamins (B1, B2, B5 and B7). Vitamin B3 was

detected only in the Fisalis samples. For vitamin B5, the samples of Agai showed the higher content.
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Table 3. Vitamins of seven native fruits from Brazil.

Common name in

Brazil and sample Vitamin A Thiamine (B1) Riboflavin Niacin (B3) PanFothenlc Pyridoxine Biotin (B7) Vitamin C
number (B2) Acid (B5) (B6)
Acai Jucara 1 346.66 + 22.652 0.060 + 0.001% 0.07 + 0.00° <LOD 8.20+0.07 2.34+0.03* 0.006 £ 0.001* 8.66 +0.192
Acai Jucara 2 214.39 + 11.86" 0.056 + 0.002° 0.08 +0.01° <LOD 3.94+0.11° 215+0.10° 0.002 + 0.000° 2.87 £0.51°
Acai Jucara 3 250.92 + 35.66" 0.033 £ 0.001° 0.15+0.012 <LOD 4.63+0.49° 156+0.04° 0.004 +0.001° 6.11 +£0.50°
Arumbeva 1 129.11 + 10.502 0.013 £ 0.002° 0.06 +0.012 <LOD 0.92+0.01® 2.05+0.15*  0.002 + 0.000° 382.96 +1.98°
Arumbeva 2 119.03 + 8.492 0.010 + 0.000°¢ 0.04 + 0.00° <LOD 0.99+0.03% 241+0.25%  0.005+ 0.000° 537.76 £ 9.19?
Arumbeva 3 94.87 + 8.55P 0.013 + 0.0002° 0.03 £ 0.00¢ <LOD 0.93+0.03* 1.96+0.18  0.030+0.001% 418.52 + 9.38°
Arumbeva 4 75.00 £ 10.53° 0.016 + 0.001° 0.05 + 0.002° <LOD 0.91+0.00° 1.95+0.17% 0.004 + 0.000°¢ 60.47 + 10.48¢
Butié da Praia 1 2245.41 £ 110.878 0.055 + 0.005° 0.57 + 0.00° <LOD 2.66 £0.23% 2.38+0.022 0.374 £0.0402 253.29 + 8.27°¢
Butié da Praia 2 1395.70 £ 210.11° 0.057 + 0.004° 0.49 £0.01° <LOD 227+0.07° 152+0.05° 0.304 +0.016° 731.84 + 30.742
Butia da Praia 3 729.48 + 19.26° 0.069 £ 0.004% 0.70 £ 0.012 <LOD 297 £0.058 259+0.16* 0.371+0.020*>  410.09 + 31.79"
Butia da Serra 1 721.55 +102.37° 0.067 + 0.002° 0.37 £0.01° <LOD 256 +0.072 1.76+0.12° 0.092 +0.016? 620.78 + 5.63?
Buti4 da Serra 2 897.08 + 33.482 0.076 + 0.003? 0.43+0.01° <LOD 2.04+0.02° 229+0.15* 0.021+0.003" 168.17 + 3.11°
. 314.61 £ 39.57° 0.052 £ 0.002° 0.58 + 0.012 <LOD 2.11+£0.05° 2.08 + 0.030 + 0.006° 379.27 + 68.12°
Butia da Serra 3 0,142
Fisélis 1 816.06 + 73.202 0.008 + 0.000° 0.17+0.01> 0.08+0.01* 1.70+0.03* 2.66+0.10*° 0.100 + 0.008° 129.20 + 8.392
Fisali 396.68 + 6.57° 0.008 + 0.000¢ 0.21+0.01* 0.06+0.00° 1.41+0.02° 230+ 0.126 + 0.002? 16.26 £ 1.33¢
isalis 2 0,052
Fisalis 3 851.42 + 91.822 0.008 + 0.000°¢ 0.16+0.02> 0.05+0.00° 1.30+0.00° 1.80+0.01° 0.016 + 0.000¢ 99.30 + 12.78°
Fisalis 4 823.90 + 26.93? 0.009 = 0.000? 0.18+0.01*> 0.06+0.00" 1.48+0.14* 2.76+0.43* 0.039+0.004° 111.83+10.80*°
Jaracatia 1 2151.85 + 311.63° 0.008 £ 0.000? 0.48 + 0.00° <LOD 3.39+0.21* 516+0.20* 0.019 +0.001° 471.86 + 57.35"
Jaracatia 2 3735.55 + 390.822 0.008 + 0.000° 0.56 + 0.05% <LOD 2.80+0.28° 3.45+0.04° 0.025+ 0.002% 599.32 + 28.84°
Maracuja do Mato 1 54.54 + 2.872 0.036 + 0.002? 0.03 + 0.00° <LOD 2.01+0.20* 1.61+0.04°> 0.015+0.001? 73.29 £ 3.57°
Maracuja do Mato 2 46.67 +0.98° 0.016 + 0.001° 0.05 + 0.00% <LOD 1.98+0.17¢ 1.69+0.01* 0.016 + 0.002* 85.93 + 4.142

LOD: limit of detection. Results expressed as dry basis and in mg.100g™* (Complex B and C vitamins) and in ug.100g™ retinol activity equivalent - RAE

(vitamin A). Values are the mean of 3 replications (+ standard deviation).

Different lowercase superscript letters in the same column indicate statistically significant difference for the same species (between harvests) by Tukey

test (p<0.05).
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Figure 2. Vitamins of Acai Jucara (AJ), Arumbeva (AR), Butia da Praia (BP), Butia da Serra (BS), Fisélis (F), Jaracatia

(J) and Maracuja do Mato (M) in the Principal Component Analysis (PCA).

10
4
86
83 3 s
05 A
R % - F1
5 2 QF 4
y F2
» o, F3
B2 AR2
00
7
( - o
B,
0 05

0 AR 3
BR1 oM2
Bg3
B§1 o oM1
BS2 AJ2 opy3

Principal Component 2: 23.51%

K—/
Principal Component 2: 23.51%
& ) BN
@
o
w o
00
N
&
@
>
2
e

AR 1
> K
-1,0

-1,

0,0 05 1,0 -5 -4 -3 -2 -1 0 1 2 3 B
Principal Component 1: 35.88% Principal Component 1: 35.88%

5
1,0
4
BS
1
- 3 Ad
05 J1
5 g 2
~ ~
e A e
: : A2 2
4 1 > AJ3 s
H 81 3
é.’ 00 é BS2
© M2 Ed
S ? 89 M1 emmme e o ©0AR4 £q
= = BS 30 AR1_ o o
g - BS 1 o s '@ %F2
2 2 8 BP1|o
£ € 1 BP3° AR 2
5 B £ AR 3
-05 BR2
-2
-3
-1,0
-4
-1,0 -05 0,0 05 1,0 -4 -3 -2 -1 0 1 2 3 4 5
Principal Component 2: 23.51% Principal Component 2: 23.51%

When compared to acerola (124 pg.100g™* fw) [40], papaya (64.2 pg.100g fw) [40] and mango (59 ug.100g*
fw) [40], Jaracatia showed higher contents of Vitamin A (average data 2943 nug.100g* dw and 450 pg.100g™ fw) although
less than the carrot (663 pg.100g™ fw) [40].

Even though the values found for vitamins are low compared to other sources, fruits have outstanding amounts
that cannot be neglected, as these nutrients are essential for human nutrition, even in small amounts. The quantification
of vitamin C becomes important by the potential application of this compound in different industries (cosmetic, food,
nutraceutical and pharmaceutical) [7]. Significant differences in total vitamin C content between different locations were

observed for all fruits (Table 3 and Fig. 2). On average amount for different harvests, Arumbeva, Butia da Praia, Butia da
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Serra and Jaracatia are distinguished by the vitamin C content (349, 465, 389 and 508 mg.100g dw, respectively). These
results are superior to lemon (304 mg.100g* dw) [41], and comparable to uvaia (367 mg.100g dw) [1], kiwi (501
mg.100g* dw) [41], acai (528 mg.100g dw) [1], red guava (537 mg.100g™* dw) [41]. Nevertheless, when compared to
orange [41], strawberry [41], cashew [1], acerola [1] and camu-camu [1] (731, 751, 1450, 15078 and 18451 mg.100g™*
dw, respectively), these fruits have superior values of vitamin C [1].

For thiamine (B1), the values found in the samples of Acai Jucara and Butias (Praia e Serra) are similar to other
fruits such grape and mango (0.02 mg.100g™* fw) [41] and for riboflavin (B2) the values found in the samples Butias da
Praia are similar to other fruits such as acerola, pitanga, graviola and pomegranate (0.1 mg.100g™* fw) [41]. For vitamin
B6, Acal Jucara and Jaracatia samples obtained higher values than plum (> 0.7 vs. 0.37 mg.100g* fw) [41] and for vitamin
B5, concentrations in Acai Jucara (2.0 mg.100g™ fw) are lower than those found for a rich source like chicken egg (2.3
mg.100g* fw) but higher when compared with avocado (0.89 mg.100g™* fw) [42]. For Butia da Praia, the biotin content
was lower than in bananas (0.05 vs. 0.09 mg.100g* fw) [43].

The vitamin contribution of each fruit concerning the Dietary Reference Intake [22] for a healthy male adult was
calculated in % per 100 g. The consumption of 100 g of fresh fruit makes up 45% of the daily requirements for vitamin
A (Jaracatia), 50% for vitamin C (Arumbeva, Butia da Praia, Butia da Serra and Jaracatia), approximately 7% for vitamin
B2 (Butia da Praia and Jaracatid), above 30% for vitamin B5 (Acai Jucara) and vitamin B6 (Acai Jucara, Butia da Praia,

Fisalis, Jaracati4, Maracuja do Mato) and achieve the recommendations of vitamin B7 (Butié& da Praia).

4. CONCLUSION

Our results indicate that the fruits included in this study presented in their composition considerable amounts of
bioactive compounds and antioxidant capacity, which may represent a potential commercial value for its nutritional and
functional properties. For species that are underutilized, detailed information on its composition can be used in the
selection of nutrient rich plants and subsequent food formulation. In addition, the consumption of some of these fruits
reaches a considerable percentage of the daily recommendations of vitamin intake, showing that they can contribute to
the improvement of the population diet. Due to their content in nutritionally valuable compounds, their use and

consumption might be encouraged.
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ABSTRACT: Despite the consumption recommendations and the potential health benefits,
Brazilian biodiversity has a large number of fruit species that are still unexplored, such as Butia
catarinensis (Butia da Praia), Butia eriospatha (Butia da Serra) and Opuntia elata (Arumbeva).
The phenolic compounds of these fruits were determined by HPLC-DAD-MS/MS. Moreover,
in vitro assays evaluated the antioxidant capacity of hydroethanolic extracts against hydrogen
peroxide (H20z2), hydroxyl ("OH), peroxyl (ROO") and ABTS radicals. In vivo assays evaluating
the survival of worms and reactive oxygen species (ROS) generation were performed using the
nematode Caenorhabditis elegans. Eighteen, twenty-eight and seventeen phenolic compounds
were identified in Butia da Praia, Butia da Serra and Arumbeva, respectively. The main groups
of phenolic compounds found in the fruits were hydroxybenzoic acids, flavan-3-ols and
flavonols. The hydroethanolic extracts of these fruits were a potent free radical scavenger,

excellent sources of phenolic compounds and did not cause toxic effects in vivo. Besides the
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health benefits, these proved to be promising sources of natural antioxidants, with phenolic
composition variating among species and collection site. The obtained results enable future
applications of studied fruits extracts in food and/or pharmaceutical products, encouraging and

valuing the sustainable use of biodiversity.

Keywords: Antioxidant capacity; Bioactive compound; Brazilian fruits; Food composition;

Mass spectrometry; Oxidative stress.

1. INTRODUCTION

Free radicals are generally produced as a by-product of cellular metabolism (Li et al.,
2016). The most important classes of radical species generated in living systems are reactive
oxygen and nitrogen species (ROS and RNS), whose overproduction can play a crucial role in
many chronic human diseases, including atherosclerosis, diabetes mellitus, cancer, rheumatoid
arthritis, cataracts and neurodegenerative diseases (Halliwell, 2015; Halliwell & Gutteridge,
1990). When in excess, ROS and RNS promote oxidative stress in the body, reacting with stable
components (lipids, proteins, and DNA) and resulting in damage to these biomolecules
(Halliwell, 2015).

The excess of reactive species can be combated by endogenous antioxidant factors (such
as the enzymes superoxide dismutase, catalase and glutathione peroxidase; or reduced
glutathione) or by the action of exogenous antioxidants contained in the diet (Li et al., 2016;
Torma et al., 2017). In this context, potentially antioxidant bioactive compounds such as
vitamins, carotenoids, and phenolic compounds play an essential role (Li et al., 2016; Saini,
Nile, & Park, 2015; Schiassi, Souza, Lago, Campos, & Queiroz, 2018).

Regular consumption of plant products, such as fruits, has been widely recommended
(Seraglio et al., 2018; Soares et al., 2019) and has already been associated with decreased risk
for the development of chronic diseases, due to the presence of antioxidant compounds with
beneficial health effects (Ahmad, Zuo, Lu, Anwar, & Hameed, 2016; Kalaycioglu & Erim,
2017; Saini et al., 2015). Among the bioactive compounds, phenolic compounds constitute a
heterogeneous group of molecules with a diversity of chemical structures and are one of the
main classes of secondary metabolites in plants commonly classified as flavonoids (flavon-3-
ols, flavones, flavonols, flavanones, dihydroflavonols, anthocyanins, isoflavones, and

chalcones) and non-flavonoids, including phenolic alcohols, phenolic acids and derivatives (for
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example, hydroxybenzoic and hydroxycinnamic acids), stilbenes and lignans (Santos-Buelga,
Gonzélez-Paramas, Oludemi, Ayuda-Durén, & Gonzalez-Manzano, 2019). These compounds
are found combined with mono- and polysaccharides, linked to one or more phenolic groups,

or they can occur as derivatives, such as esters or methyl esters (Santos-Buelga et al., 2019).

Despite the consumption recommendations and the health benefits, Brazil has a large
number of native fruit species with not explored potential (Soares et al., 2019; Teixeira et al.,
2019). Most of them are still unexplored and can be consumed in natura or may arouse interest
of the agro-industry (Maria do Socorro M Rufino et al., 2010; Seraglio et al., 2018). Thus, their

bioactive compounds and antioxidant properties remain unknown (Soares et al., 2019).

Investigating the richness of Brazilian fruits can contribute to the preservation and
protection of natural sources of nutritious, healthy, and sustainable foods (Soares et al., 2019).
Fruits have several bioactive components, in addition to sensory characteristics that contribute
to their direct consumption and product development, whose commercialization can contribute
to the conservation of biodiversity (Teixeira et al., 2019). Due to the potential interest of the
food industry, extracts of these native fruits can also be formulated. In this case, the use of a
solvent with low cost and toxicity is essential. The extraction of bioactive compounds using
ethanol as a solvent is a good alternative, as the usual extraction involves organic solvents with
high toxicity and ethanolic extracts could be an alternative in food and cosmetic products
without complicated purification steps (Torma et al., 2017).

The three species selected for this study stood out as to the preliminary results obtained
in the analysis of antioxidant capacity by the ABTS test and, in addition, after reviewing the
literature, they had less information in the scientific databases. Thus, were included three
valuable fruit species: Arumbeva (Opuntia elata Salm-Dyck), Butia da Praia (Butia

catarinensis Noblick & Lorenzi) and Butia da Serra (Butia eriospatha (Mart. ex Drude) Becc).

Butia catarinensis is part of the Arecaceae family, and its fruit is widely used in human
food, with a pleasant slightly acidic flavor and appreciated nutritional characteristics, conical
to depression-globular shape, with approximately 20 mm of axial length and globular core
(Coradin, Siminski, & Reis, 2011; Reitz, 1974). It is commercialized in natura at fairs and
roadsides in the regions where the species occur or in the form of frozen pulp or ice cream
(Coradin et al., 2011). The Butia eriospatha species belongs to the same family and the fruit
can be used in juices, liqueurs, mousse, ice cream, jellies, yogurts, sweets, among others. It is
generally yellow in color, depressed, approximately 20 mm high and has mono or bi-semen

core (Coradin et al., 2011). Opuntia elata is part of the Cactaceae family and has fruits with
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about 6 to 7 cm with purple-red color when ripe, green pulp (similar to kiwi), sweet and
succulent and hard seeds of 5 to 6 mm in length (Coradin et al., 2011). The pulp can be
consumed fresh or used in the preparation of juices, liquors, jellies and ice cream. Its current
underutilization can be explained by the little knowledge about the species (Coradin et al.,
2011).

The evaluation of antioxidant capacity in vitro is performed using chemical reactions to
determine the sample's ability to react with reactive structures (free radicals present or not in
the body) (Magalhaes, Segundo, Reis, & Lima, 2008). However, in vitro determinations allows
only simpler results than occurs in complex situations in vivo (Kuskoski, Asuero, Troncoso,
Mancini-Filho, & Fett, 2005). For the antioxidant capacity in vivo evaluation, the use of the
nematode Caenorhabditis elegans is being consolidated due to the numerous advantages, such
as easy manipulation, short life cycle (about 20 days) and fully sequenced genome, which shows
a high homology to mammals, a relatively simple nervous system and its effectiveness in
simulating different pathologies at the molecular level, especially the effect of ROS (Miranda-
Vizuete & Veal, 2017).

Thus, this study aimed to identify and quantify the phenolic compounds present in 3
native Brazilian fruits species Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart.
ex Drude) Becc. and Opuntia elata Salm-Dyck. and evaluate the bioactivity of its

hydroethanolic extracts in vitro and in vivo.

2. MATERIALS AND METHODS

2.1 Chemicals

Analytical grade reagents as sodium carbonate, Folin-Ciocalteu reagent, sodium phosphate
bibasic, ascorbic acid, iron chloride, sodium bicarbonate, sodium hydroxide, sodium chloride,
calcium chloride, magnesium sulfate, potassium persulphate, potassium phosphate monobasic and
bibasic were obtained from Comercial Neon® (Sdo Paulo, Brazil). Hydrochloric acid (HCI), 2-
thiobarbituric acid (TBA), dimethyl sulfoxide (DMSQ), sucrose, formic acid, ethyl acetate, ethyl
alcohol, methyl alcohol, and hydrogen peroxide (H202) were obtained by Dindmica Quimica
Contemporanea® (S&o Paulo, Brazil). High-performance liquid chromatography (HPLC) grade
reagents such as acetonitrile were acquired from Panreac AppliChem® (Barcelona, Spain). ABTS
radical [2,2-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid], Trolox® ()-6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid), 2-deoxy-D-ribose, L-glutathione reduced (GSH), 5,5'-
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dithiobis- (2-nitrobenzoic acid) (DTNB), ethylenediaminetetraacetic acid (EDTA), 2,2'-azobis(2-
methylpropanimidamide) dihydrochloride (AAPH), 2’-7'-dichlorofluorescin diacetate (DCFH-
DA), sodium fluorescein, caffeic acid, catechin, chlorogenic acid, coumaric acid, ellagic acid,
epicatechin, epigallocatechin gallate, ferulic acid, gallic acid, hydroxybenzoic acid, kaempferol,
luteolin, myricetin, quercetin, quercetin 3-glucoside, resveratrol, and rutin were purchased from
Sigma-Aldrich® (St Louis, USA) and solid-phase extraction (SPE) cartridge strata Cis
Phenomenex® from Allcrom (Sao Paulo, Brazil). Water was purified by Milli-Q® Integral 10
system by Merck (Millipore, Milford, MA, USA).

2.2 Samples collection

The samples of Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex
Drude) and Opuntia elata Salm-Dyck were harvested from at least three lots of different trees
from different cities of the South region of Brazil after confirmation of the botanical species by
a biologist. Different samples of each species were harvested to observe the local effect on the
phenolic compounds. The exsiccates were deposited in the Institute of Biosciences Herbarium
of the Federal University of Rio Grande do Sul (UFRGS). For each species, at least three

harvests were made and, when possible, four. Table 1 shows detailed information for each.
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Table 1. Information on species Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex Drude) and Opuntia elata Salm-Dyck harvested
in different locations.

Scientific name /

Common name in  Common name Edible part Origin Geographical Quantity Harvest Herbarium
Brazil P (City, State) coordinate (GPS) harvested Month/year = number*
., . 29°18'52.20"S
Butia da Praia 1 Torres, RS 49045'36.19"\W 8.5 kg Feb/2016 185667
Butia catarinensis . . - 29°85'24.66"S
Noblick & Lorenzi Butia da Praia 2 Peel and pulp Osorio, RS 50922'76.86"W 7.0 kg Mar/2016 185665
., . 28°25'27.86"S
Butia da Praia 3 Laguna, SC 4894720 87" W 6.0 kg Mar/2016 185664
o 1 mn
Butia da Serra 1 Pinhal da Serra, RS 27 49. 37'28,. 5 12.0 kg Apr/2016 185670
Butia eriospatha S1°1426.15"W
-7 o 1 mn
(Mart. ex Drude) Butia da Serra 2 Peel and pulp Pelotas, RS 31 67, 80'74,. 5 5.5kg Apr/2016 187145
Becc 52044'32.71"W
' Butia da Serra 3 . 27°11'40.63"S
Curitibanos, SC 50937'04.97"W 14.0 kg Mar/2016 194091
30°49'49.87"'S
Arumbeva 1 Cacapava do Sul, RS 53090'56 64"\ 6.0 kg Aug/2016 187673
30°50'34.45"S
Opuntia elata Arumbeva 2 Whole fruit (peel, Cacapava do Sul, RS 53030'12 34"W 6.0 kg Aug/2016 187674
Salm-Dyck pulp and seeds) 30°53'27.92"S
Arumbeva 3 Cacapava do Sul, RS 53098'15.69"W 6.0 kg Aug/2016 187675
o 1 "
Arumbeva 4 Bagé, RS 30°51'51.72'S 5.0 kg Sep/2016 187676

53°42'10.13"W

RS: Rio Grande do Sul; SC: Santa Catarina. * Institute of Natural Sciences (ICN) Herbarium of the Federal University of Rio Grande do Sul.
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After collection, the ripeness state was carefully checked according to the °Brix and the
samples were transported to the laboratory under refrigeration. Samples were washing in water
and were immersed in a 200 mg.L™? sodium hypochlorite solution for 10 min to surface
disinfection with subsequent rinsing and were processed to obtain the edible part and
homogenized (DES-20, Braesi, Caxias do Sul, RS, Brazil). The pulps were then lyophilized
(L101, Liotop®, Sdo Carlos, SP, Brazil), packed in sealed vacuum plastic bags (F200 flash,
Fastvac®, Santo André, SP, Brazil) and stored at -18 °C.

2.3 Hydroethanolic extract

The hydroethanolic extract was obtained by exhaustive extraction. For the
hydroethanolic extract formulation, the method used by Rockenbach et al. (2008) was followed,
with some modifications. Briefly, 20 mL of extraction solution (50% ethanol:50% distilled
water) was added to the Iyophilized sample (0.5 g) and homogenized in Ultra-Turrax® (digital
T 25, IKA, Staufen, Germany) for 2 minutes. The concentration chosen was based on the study
by Torma et al. (2017) that evaluated the antioxidant capacity and the neuroprotective effects
of hydroethanolic extracts of Acai (Euterpe oleracea). Thereafter, the solution was centrifuged
(4K15, Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany) at 3,000 g for 5 minutes
at 20 °C and the supernatant was stored in an amber flask. The process was repeated 4 times
and the supernatants were combined to obtain a total volume of 80 mL. The extract was then
concentrated on a rotary evaporator (Q334.2, Quimis®, S&o Paulo, SP, Brazil) at <25 °C to
remove ethanol, lyophilized (L101, Liotop®, S3o Carlos, SP, Brazil) and stored at -18 °C. The
absence of phenolic compounds in the supernatant was previously verified, following the
methodology proposed by Borbaléan et al. (2003) and Castagna et al. (2014), with modifications.
1375 pL of the prepared Folin-Ciocalteu reagent (Sigma-Aldrich Chemical®, St. Louis, USA)
(375 mL of water to 37.5 mL of reagent) was added to 25 pL of the sample, which reacted for
8 minutes. Then 600 pL of distilled water and 500 pL of 20% sodium carbonate were added.
The solution was homogenized and rested for 30 min in the dark. The absorbance was measured
at 750 nm at room temperature (21 £ 2 °C) on the spectrophotometer (Shimadzu UV-Vis
1800/08302).

The extracts were used for the analysis of ROS scavenging effects, in vivo acute toxicity
and ROS generation, as well as for determination of the phenolic composition.

2.4 Extraction and purification of phenolic compounds
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The phenolic compounds of the selected species were initially identified and quantified
in the fruits. Extraction of non-anthocyanic compounds followed the methodology described
by Rodrigues et al. (2013), with modifications. Exhaustive extraction was performed for 2
minutes in Ultra-Turrax® (T 25 digital, IKA, Staufen, Germany) by adding 20 mL of a mixture
of methanol with distilled water (80:20%; v/v) at 0.5 g of the lyophilized sample at room
temperature (21 °C). The extract was centrifuged (Himac CR21 GlII, Hitachi Koki Co., Tokyo,
Japan) at 10,000 g for 10 minutes at 20 °C and the supernatant was transferred to an amber
volumetric flask. This procedure was performed in triplicate, repeated four times and after the
supernatants were combined (extract of phenolic compounds). The absence of phenolic
compounds in the supernatant was previously verified using the Folin—Ciocalteu reagent
following the methodologies previously described.

For the quantification of phenolic compounds, the extracts were concentrated on a rotary
evaporator (Q334.2, Quimis®, Diadema, Sdo Paulo, Brazil) and added with the non-anthocyanic
mobile phase A (Milli-Q® water and formic acid, in the proportion of 99.5:0.5%, v/v) to a 25
mL volumetric flask.

For qualitative analysis the extracted phenolic compounds were previously purified by
SPE following the methodology described by Rodriguez-Saona & Wrolstad (2001), with
modifications. The C18 SPE cartridges (Strata, Phenomenex®, Torrance, CA, USA) were
previously activated and conditioned with methanol and acidified water (0.01% HCI). The
cartridge was loaded with the sample and the polar compounds were eluted with two volumes
of 12 mL acidified water. Non-anthocyanic phenolic compounds were eluted using ethyl
acetate and anthocyanic compounds with acidified methanol (0.01% HCI). The extracts were
concentrated on a rotary evaporator (<36 °C), and the samples were reconstituted in 1 mL of
mobile phase A (Milli-Q® water and formic acid, at a ratio of 99.5:0.5%, v/v). Afterward, the
samples were filtered with Millipore 0.45 um polytetrafluoroethylene (PTFE) membranes
(Millex LCR 0.45 pm, 13 mm) and immediately injected into the HPLC-DAD-MS/MS.

The phenolic compounds identification was performed on a chromatograph
(Shimadzu®, Kyoto, Japan), equipped with two pumps (Shimadzu LC-20AD), a degasser
(Shimadzu DGU-20A3R), column oven (Shimadzu CTO-20A), diode array detector (DAD)
(Shimadzu SPD-M20A) and connected to a mass spectrophotometer (MS) with quadrupole
flight time analyzer (Q-Tof) and electrospray ionization source (ESI) (model micrOTOF-QIII,
Bruker Daltonics, Bremen, Germany). The column used was a C1s Phenomenex Synergi ™, 250

X 4.6 mm, 4um (Allcrom®, S&o Paulo, Brazil).
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The mobile phase A consisted of a mixture of Milli-Q® water and formic acid
(99.5:0.5%, v/v) and mobile phase B a mixture of acetonitrile and formic acid in the same
proportion. A linear gradient was used, starting at 99:1 (v/v) mobile phase A/B to 50:50 (v/v)
A/B in 50 minutes, and then 50:50 (v/v) A/B to 1:99 (v/v) A/B for 5 minutes. This ratio was
maintained for 5 minutes. The initial proportion was restored at 62 minutes and maintained for
5 min. The flow rate was 0.7 mL.min" at 29 °C, and the injection volume was 5 pL.

UV-Vis spectra were obtained between 200 and 600 nm, and the chromatograms
processed at 280, 320 and 360 nm. The mass spectra were acquired over a mass range of m/z
100 to 1000. MS parameters were defined as follows: ESI source in negative ion mode; capillary
voltage, 3000 V; dry gas temperature (N2), 310 °C; flow rate, 8 L.min™; nebulizer gas, 30 psi.
MS/MS was set to automatic mode.

The phenolic compounds were identified based on the elution order and retention time
on the column, UV-Vis spectral features [maximal absorption wavelength (Amax)], and mass
spectrometry spectral characteristics. These parameters were compared to standards analyzed
under the same conditions and data available in the literature and were used as parameters for
the identification. For HPLC-DAD-MS/MS quantification, a seven-point analytical curve was

used, as shown in Table 2.

Table 2. Work range, determination coefficients (r?), limit of detection (LOD) and limit of

quantification (LOQ) of phenolic compounds standards.

Phenolic Compounds W(onzla.rl_a}[])ge r2 (nlqg;.)l?l) (rrl;gc.)l?'l)
Caffeic acid 0.36 — 12.02 0.9961 0.97 2.94
Catechin 0.70 - 69.00 0.9905 1.50 4.53
5-caffeoylquinic acid 0.74 - 24.00 0.9960 0.77 2.34
(chlorogenic acid)

Coumaric acid 0.05-12.00 0.9935 0.28 0.86
Ellagic acid 0.05-12.00 0.9925 0.55 1.67
Epigallocatechin gallate 0.10-69.00 0.9964 0.09 0.26
Ferulic acid 0.05-12.00 0.9940 0.85 2.56
Gallic acid 0.75-24.00 0.9963 0.62 1.87
Hydroxybenzoic acid 0.75-22.71 0.9952 2.21 6.71
Kaempferol 0.05-12.00 0.9925 0.03 0.11
Luteolin 0.10 - 50.00 0.9931 0.34 1.04
Myricetin 0.28 — 50.05 0.9938 1.23 3.71
Quercetin 0.40 —-50.00 0.9942 0.71 2.15
Quercetin 3-glucoside 0.11-51.98 0.9997 0.07 0.20
Resveratrol 0.70-50.00 0.9969 1.94 5.89
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Quercetin 3-O-rutinoside 0.11-15.99 0.9931 0.18 0.54
(rutin)

Based on the phenolic compounds identified in fruits, they were quantified in
hydroethanolic extracts. The lyophilized extract (0.04 g) was diluted with 2 mL of Milli-Q®
water. The extracts were vortexed (Multifunctional vortex K40-1020, Kasvi) for 1 min and
ultrasound (Unique, USC 1400A) for 2 min. The extracts were then centrifuged (Hettich®
MIKRO 200R, Germany) at 25,000 g for 5 min, removing the supernatant. This process
(centrifugation and removal of the supernatant) was repeated with the supernatant to obtain the
extract with a final concentration of 20,000 mg.L™. The samples were filtered through Millipore
0.45 pm PTFE membranes (Millex LCR 0.45 pum, 13 mm) and immediately injected into the
HPLC-DAD-MS/MS.

2.5 Antioxidant capacity in vitro

2.5.1 ABTS"" assay

The antioxidant capacity of the hydroethanolic extracts was analyzed by [2,2'-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid] (ABTS) scavenging activity according to the
methodology used by Rufino et al. (2007).

Stock solutions were prepared with the lyophilized extracts and, from them, three
dilutions for each species in triplicate. The extracts were weighed (0.0400 g for Butids and
0.0800 g for Arumbeva) in centrifuge microtubes and diluted with 2 mL of Milli-Q® water. The
extracts were vortexed (Multifunctional vortex K40-1020, Kasvi) for 1 min and sonicated
(Unique, USC 1400A) for 2 min. Thereafter, the extracts were centrifuged (Hettich® MIKRO
200R, Germany) at 25,000 g for 5 min, removing the supernatant. This process was repeated
with the supernatant. Solutions with final concentrations of 20,000 mg.L™ were obtained for
Butias and 40,000 mg.L* for Arumbeva.

Test tubes with different dilutions (20,000, 10,000 and 5,000 mg.L™ for the Butias and
40,000, 30,000 and 20,000 mg.L™* for Arumbeva) were prepared. In a dark environment, a 30
uL aliquot of each dilution was transferred to test tubes with 3.0 mL of ABTS"" radical, the
tubes were homogenized on a shaker and read at 734 nm on a spectrophotometer (Shimadzu®
UV-1800) after 6 minutes of mixing. The antioxidant capacity was calculated by the following

formula:
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% ABTS - +generation = abs sample + abs control x 100

2.5.2 Reduced glutathione (GSH) assay

The protection ability of hydroethanolic extracts was tested against GSH oxidation in
the presence of hydrogen peroxide (H202) by quantifying the disappearance of GSH sulfhydryl
groups (-SH). 100 pL of distilled water, 100 pL. H202 (5 mM), 120 pL potassium phosphate
buffer pH 6.8 (1 mM), 100 uL GSH (6 mM) and different concentrations of hydroethanolic
extracts were placed in test tubes (final concentrations: 200, 300 and 400 mg.L™ for Arumbeva
and 50, 100 and 200 mg.L* for Butias).

The test tubes were vortex homogenized (Multifunctional vortex K40-1020, Kasvi) and
incubated in the dark at room temperature (21 + 2°C) for 1 hour. After, 100 puL of the incubated
solution was transferred to a tube containing 2 mL 5,5'-dithiobis-(2-nitrobenzoic) (0.01 mM
DTNB). The mixture was vortexed and the intensity of the yellow color was evaluated by
spectrophotometer at 412 nm following the methodology proposed by Ellman (1959). Results

were calculated from 4 replicates.

2.5.3 Deoxyribose assay
The ability of hydroethanolic extracts to remove the hydroxyl radical (*OH) formed from
the Fenton reaction was evaluated by the deoxyribose degradation according to Halliwell,
Gutteridge, and Aruoma (1987) methodology. The ‘OH radical was generated by the reaction
of ferric chloride (FeCls) and ethylenediaminetetraacetic acid (EDTA) in the presence of
ascorbic acid, forming Fe--EDTA and which, in turn, reacted with H,O> to form Fe*-EDTA and
"‘OH. The *OH radical, once formed, reacts with malondialdehyde forming 2-deoxyribose, which
upon heating with thiobarbituric acid (TBA) has a pink color that is quantifiable by
spectrophotometry at 532 nm. Therefore, antioxidant substances that are added can compete with
2-deoxyribose for *OH reducing the formation of pink coloration.
Potassium phosphate buffer pH 7.4 (50 mM), 100 pL FeClz (1 mM), 100 uL EDTA (1
mM), distilled water, 100 pL 2-deoxyribose (60 mM) and different concentrations of
hydroethanolic extracts (final concentrations of 200, 300 and 400 mg.L™* for Arumbeva and 50,
100 and 200 mg.L"* for Butis) were added to test tubes. Then, 100 pL of ascorbic acid (2 mM)
and 100 pL of H20, (10 mM) were added. The test tubes were heated in a water bath (De Leo
B45 Digital, Porto Alegre, RS, Brazil) at 37 °C for 1 h to reaction. Then, 1 mL of TBA and 1
mL of hydrochloric acid (25%) were added to the tubes and kept under heating in a water bath
(Dubnoff NT 232 - Novatecnica®, Piracicaba, SP, Brazil) at 100 °C for 15 min. After this time,
128



they were cooled, and absorbance was measured at 532 nm. Results were calculated using the

following formula:

Al — A2 x 100
A0

}%- OH generation =

Where A0 is the absorbance in the absence of extract and presence of deoxyribose, Al is the
absorbance in the presence of extract and deoxyribose, and A2 is the absorbance of extract in
the absence of deoxyribose.

2.5.4 Oxygen Radical Absorbance Capacity (ORAC)

Antioxidant capacity was determined according to the methodology of Huang et al.
(2005), with adaptations. This method verifies the scavenger capacity of an antioxidant against
a peroxyl radical (ROO") produced by the thermal decomposition of a,a'-azodiisobutyramidine
dihydrochloride (AAPH) at 37 °C. For the determination of the optimal extract concentration
for analysis, preliminary tests were undertaken with known levels ranging from 100 to 2000
mg.L* (diluted in potassium phosphate buffer, 75 mM, pH 7.4); the optimal concentration range
was determined to be 150-250 mg.L™.

To each microplate well, 25 uL of the extracts or Trolox previously diluted in potassium
phosphate buffer (75 mM, pH 7.4) and 150 pL of the fluorescein working solution (81 nM)
were added. The plate (SPL Life Science, Gyeonggi-do, Korea) was incubated for 10 min at 37
°C, with the last 3 min under constant stirring. Afterward, 25 pL of AAPH solution (152 mM)
was added. For fluorescence decay monitoring, a fluorescence reader (EnSpire 2300,
Multimode Plate Reader, Perkin Elmer, Waltham, MA, USA) was used at 37 °C for 70 min.
Excitation and emission wavelengths of 485 nm and 528 nm, respectively, were used (Huang
et al., 2005).

The area under the curve (AUC) of the fluorescein decay was calculated. The following

formula calculated AUC:

UC =1+—=+—=+"=+"+—=

}A f1 f2 f3 fn
f0 " f0 " foO 0

Where fn is the relative fluorescence in a reading cycle (1 min), and f0 is the fluorescence at

time zero.
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A standard Trolox curve (8-96 uM) was constructed and used as a positive control (8
1M). The results were expressed as equivalent Trolox pmol per g extract (umol TE g dry

extract).

2.6 Half-maximal inhibitory concentration (1Cso)

The ICso for the ABTS™ and deoxyribose assays were determined by a non-linear
regression analysis using GraphPad Prism Program version 10.0 (La Jolla, CA, USA). The ICs
values were considered as those able to remove ABTS™ and reduce the generation of "‘OH
radicals by 50%. The values obtained were used as a basis for the determination of the
concentrations that would be used in the in vivo assays since they gave an initial idea of the

antioxidant potential of the extracts.

2.7 Antioxidant capacity in vivo

Caenorhabditis elegans N2 (wild-type) and fluorescence-emitting (TJ356 DAF-16:
GFP) strains were obtained from the Caenorhabditis Genetic Center (Twin Cities, Minnesota,
USA). The culture was maintained at 20 °C in plates containing Escherichia coli OP50 in
nematode growth media (NGM) (60 x 10 mm) according to Brenner (1974) methodology.

For the synchronization process, a population of L1 (first larval stage) was obtained by
isolating gravid hermaphrodite embryos using a bleaching solution (1% NaCl and 0.25 M
NaOH) and sucrose solution (30%) to separate eggs by flotation. Eggs were washed with M9
buffer solution (0.02 M KH2POy4; 0.04 M Na;HPO4; 0.08 M NaCl and 0.001 M MgSO.) and
incubated overnight (12h) on sterile NGM agar plates (Avila et al., 2012).

To evaluate oxidative stress, worms were exposed to hydroethanolic extracts at different
concentrations for 30 min at 20 °C. Stock solutions (40,000 pg.mL™) were prepared with
distilled water from the lyophilized hydroethanolic extracts. Then, dilutions were made to
obtain the appropriate final concentration, according to previous antioxidant assays (ABTS
mean ICso: Butid Praia 1: 110 pg/mL; Butiad Praia 2: 230 pg/mL; Butié Praia 3: 180 pg/mL;
Butia Serra 1: 60 pg/mL; Butia Serra 2: 160 pug/mL; Butia Serra 3: 70 pg/mL; Arumbeva 1:
340 pg/mL; Arumbeva 2: 260 pg/mL; Arumbeva 3: 480 pg/mL; and Arumbeva 4: 1120
pg/mL).

Survival rate was determined using 2,500 nematodes exposed to the extracts and placed
on plates containing NGM medium seeded with E. coli OP50 (60 mm x 10 mm). After 24 hours,
with the help of a magnifying glass, the number of surviving C. elegans was verified, and results
were expressed as % of the control group (absence of extract) (Avila et al., 2012).
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ROS generation was evaluated using 1,500 nematodes and the conditions described
above. After the exposure, C. elegans were washed and suspended in 100 pl NaCl (0.9%)
solution, then added DCFH-DA (2'-7'-diacetate dichlorofluorescein). The fluorescent
compound formed from the oxidation of DCFH-DA by the action of ROS was quantified in a
microplate reader (Enspire 2300, Multimode Plate Reader, Perkin Elmer, USA) at 485 nm
excitation and 530 nm emission (Charéo et al., 2015). Readings were taken every 2 minutes for

30 minutes.

2.8 Statistical analysis

The results were expressed as the mean + standard deviation. Data were statistically
analysed by one-way analysis of variance (ANOVA), followed by Tukey’s test for comparison
of the means at a significance level of 5%, using GraphPad Prism® 10.0 (La Jolla, CA, USA)
for C. elegans analysis, OriginPro® 8.0 (Northampton, MA, USA) for the ORAC test and
Statistica 12.0 (StatSoft Inc.) for the other comparisons.

3. RESULTS AND DISCUSSION
3.1 Phenolic compounds identification and quantification (fruits)

Few reports in the literature assess the profile of phenolic compounds in these fruits,
and no prior have used a consistent sampling process combined with HPLC-DAD-MS/MS
identification and quantification. Chromatography allowed the separation of the compounds
and the identification was based on the interpretation of their fragmentation patterns obtained
from the mass spectra in the negative ionization mode and retention time relative to 16 external
standards comparison and the literature.

Table 3 shows the 18 phenolic compounds identified in Butia da Praia fruit and Fig. S1
(Supplementary Material) the respective HPLC-DAD-MS/MS chromatogram. Hoffmann et
al. (2017) and Hoffmann et al. (2018) had already reported 22 phenolic compounds identified
in 4 species of Butia (B. catarinensis, B. odorata, B. paraguayensis, and B. yatay), although
without comparing different harvest sites. The compounds identified in this study could be
divided into main groups according to the quantity found in the average of the samples: 60.5%
belonged to hydroxybenzoic acids group (dihydroxybenzoic acid as the main compound),
23.6% to flavan-3-ols groups, 7.1% to flavonols, 7.1% to hydroxycinnamic acids and only 1.7%
of stilbenes. In addition to these groups, 1 flavone, and 2 flavanones were previously described
(J. Hoffmann et al., 2018; J. F. Hoffmann et al., 2017). Dihydroxybenzoic and caffeoylquinic
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acids, catechin or epicatechin and their derivatives in addition to rutin were the predominant

compounds.
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Table 3. Chromatographic and spectroscopic characteristics of phenolic compound of Butia catarinensis Noblick & Lorenzi fruit obtained by
HPLC-DAD-MS/MS.

Concentration

Concentration

Concentration

t A max M - H] MS / MS . ; .
Peak Compound (miRn)a () [ (m,z)] (i) Ref. (Mg.9?) (Mg.g™) (Mg.g™)
Butia da Praia 1 Butia da Praia 2 Butia da Praia 3
. 113.0273 [M - H - 1807; Hoffmann et al.
g A B A
1 Not identified 128 274 293.1245 1010754 89 0254 (2017) 336.17 + 35.33 144.21 +9.72 335.60 + 40.00
o Dihydroxybenzoicacid 155 575 1530184  109.3233 [M - H - 44] Che('zrgqg Al 931863+34388% 138644 +85328  1940.25 + 235.53A8
. 259.0241 [M - H - 1807]; Hoffmann et al. B A AB
g ,
3 Not identified 186 270  439.1836 205.0715: 143.0364 2017) 30.43 + 0.46 48.39 + 5.54 41.99 +1.24
- Hoffmann et al.
4 3-Caffeoylquinic Acid" 214 2/8OMN  a530g7y  1OLAABLIM-H-16215 oo18y Clifford 4433+ 0.604 44.00 + 2.48~ 41.18 + 1.047
327 179.7492
et al (2003)
. Hoffmann et al.
5  5-Caffeoylquinic Acid? 221 294N 3530873 | 19LO0S6OIM-H-1621 0180 clitford  118.06 + 9.98* 88.48 + 11.23° 89.20 + 12,547
328 173.0421 [M - H - 162 - 18]
et al (2003)
1510892 [M-H-138]; |\ oo
6  (+)-Catechin® 228 283 280.0712  123.0447 [M - H - 166]; Qo1g) 16513467 142.83 +5.628 139.75 + 5.878
109.0303 [M - H - 180]
276 (sh) Hoffmann et al.
7 4<Caffeoylquinic Acid© 233 00" 3530856 1735600 [M-H-180]  (2018); Clifford  45.34+0.297 45.21 + 2.66° 41.89 + 2.477
et al (2003)
o . 407.0784 [M - H - 170];
8 giﬁee‘ihl"j/ epicatechin 23.7 281  577.1355  289.0712 [M - H - 288]" HOﬁgggg)‘*t Al ooaa7+2136A  218.03 %3637 205.21 + 10.98~
125.0248 [M - H - 452]
. . 123.0447 [M - H - 166]; Hoffmann et al.
2)- e ’ A A A
9 ()-Epicatechin 245 277 2890710 o nieii - 180] 2015) 175.84 + 4.33 191.43 + 24.28 177.85 + 15,57
Epicatechin 407.0782,289.0710 [M-H - 1. o et al
0 picatechin . 246 281  579.1494 290].245.0832 [M - H - 4] 2018 158.92 + 6.217 164.67 + 14.35” 147.55 + 5.78”
P  203.0673; 125.0236
S 296 (sh) 179.0335 [M - H - 156]; Graga et al.
f A B B
11 Caffeoylshikimicacid© 264 <22 335.0766 oab 0448 zo17) 89.16 +5.98 57.22+5.72 67.22 + 3.91
Quercetin-3-0O- 301.0335 [M - H - 308]; Hoffmann et al. A A B
12 Shhoside (rutin) 281 355  609.1468 00,0979 2018) 208.42 + 27.73 247.76 £ 0.42 118.06 + 14.20
13 Not identified ® 29.1 29;52(8“) 259.0606 175.0402 HOff(rggT;)et al. <LOQ <LOQ <LOQ
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Concentration

Concentration

Concentration

Peak Compound (r:ﬁ])a ;(“nrr':f;ﬁ ['\(/'n{,g I M(;;Zggs Ref. (Hg.g) (Hg.g) (Hg.g)
Butia da Praia 1 Butia da Praia 2 Butia da Praia 3
14 ;ﬁiﬁhl'lnéep'catecmn 29.4 278 577.1278  289.0715[M - H - 288] HOff(rgggg)Et al- 19848 +0.428 206.21 + 11.90° 128.39 + 2.358
Quercetin-3-0O- 301.0336 [M - H - 162]; Hoffmann et al. B A c
15 Scoside 30.1 354  463.0886 2000274 2015) 7.62+ 145 16.27 + 1.54 2.92 +0.32
16 sorhamnetin-O- 30.4 354 6231591  315.0497 [M-H-30g  Hoffmannetal 39.48 + 6.01° 52.87 + 1.067 30.83 + 1.368
rutinoside ! (2018)
17 ~ Dihydrokaempferol 328 353 491.0844  287.0202 [M - H - 204] DaSilva etal. 14.71 +0.16° 16.48 + 0.96 14.66 + 0.138
acetyl-hexoside (2014)
Hoffmann et al.
Tetrahydroxy-trans- 201.0553 [M - H - 42]; (2018); A A A
18 oo k 35.1 325 2430658 ‘oo oo - aal Hoffanr ot l. 63.95 £ 0.72 63.63 + 1.14 62.73 £ 0.47
(2017)
Total phenolic 417814+ 457.88% 313413+ 126.08%  3585.20 + 3435248
compounds
Z;tg‘; hydroxybenzoic 260423 £375.81A  1579.04+94.968  2317.84 % 276.75°
Total flavan-3-ol 852.84+3547~  923.16 % 75.22° 798.75 + 39657
Total flavonol 270.23 + 34.30° 333.38 + 2.38% 166.47 + 14.60°
Total
hydroxycinnamic 296.88 £ 1573~  234.92 % 20.83° 230.50 + 19.485
acids
Total stilbenes 63.95 + 0.724 63.63 +1.144 62.73 £ 0.47°

3 Retention time on the C18 Synergi (4 um) columm; ® Solvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid; ¢ In the MS/MS, the most abundant
ion shown in boldface; ¢ Quantified as Caffeic Acid; ¢ Quantified as Catechin; f Quantified as Chlorogenic Acid; 9 Quantified as Gallic Acid; " Quantified as Hydroxybenzoic
Acid; ' Quantified as Kaempferol; I Quantified as Quercetin 3-glucoside; ¥ Quantified as Resveratrol; ' Quantified as Rutin.
Data represent the mean of 3 replicates + standard deviation. Different uppercase superscript letters in the same line indicate statistically significant difference by Tukey test

(p<0.05). LOQ: Limit of Quantification.
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Peaks 1, 3 and 13 were not identified but have also been reported, and the first one was
a significant marker for differentiating B. catarinensis from other 3 species (J. F. Hoffmann et
al., 2017). Peak 2 was tentatively identified as dihydroxybenzoic acid because it showed the
deprotonated molecule [M-H] at m/z 153 and fragments in MS/MS spectrum at m/z 109 [M-H-
44], corresponding to the loss of CO,with an average of 332.15 pug.g fresh weight. In general,
the concentration of hydroxybenzoic acids in fruits and vegetables is low and most are presented
as conjugated forms (Bento-Silva et al.,, 2019). Most fruits, especially berries, contain
hydroxybenzoic acid, and similar values have already been found for 4-hydroxybenzoic acid in
B. odorata (317.46 vs. pug.g* fresh weight) (Ma, Dunshea, & Suleria, 2019).

Peaks 6 and 9 at m/z 289 [M-H] and peaks 8, 10, and 14 which gave a dominant
fragment ion at m/z 289 (MS/MS), were identified as catechin or epicatechin and their
derivatives. These compounds, which belong to the flavan-3-ols, were present in considerable
concentrations in Butia da Praia fruit, presenting 852.84, 923.16, and 798.75 pg.g* dw for
samples 1, 2 and 3, respectively. The UV-Vis spectra, negative molecular ion (at m/z 289) and
fragmentation MS/MS spectra (at m/z 123) of peaks 6 and 9 were not only consistent with the
literature data for these compounds but also with the authentic catechin and epicatechin
standards. Peak 10 was tentatively identified as the epicatechin-epicatechin dimer due to the
protonated molecule at m/z 579 and the MS/MS fragment at m/z 289 (da Silva, Rodrigues,
Mercadante, & De Rosso, 2014).

Catechins are very common flavanol found in most fruits and vegetables (Ma et al.,
2019). Catechin, epicatechin, and rutin have already been associated with several health
benefits, including anticarcinogenic, antioxidant, cyto, cardio and neuro-protective activities
(Boeing et al., 2020). The antioxidant capacity related to catechins and epicatechin is already
well established in the literature. These compounds affect the molecular mechanisms involved
in angiogenesis, degradation of extracellular matrices, regulation of cell deaths and reduction
of oxidative stress, resulting in a series of health benefits due to various actions such as
antioxidants, antihypertensive, anti-inflammatory, antiproliferative, anti-thrombogenic and
anti-hyperlipidemic (Barros, Andrade, Denadai, Nunes, & Narain, 2017; Li et al., 2016).

Caffeoylquinic acid isomer were identified as corresponding to peaks 4, 5 and 7 and
peak 5 identified as 5-caffeoylquinic acid was confirmed with an external standard. These
compounds are found in many types of fruits and in high concentrations in coffee, with potential
preventive effect in several chronic diseases (management of obesity, cardiovascular diseases,
type 2 diabetes mellitus and metabolic syndrome, in addition to antioxidant and neuroprotective
effects) (Bento-Silva et al., 2019).
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Two quercetin derivatives (main fragments at m/z 301 and 300) were identified,
including rutin [M-H] at m/z 609 (peak 12) and peak 15 that had [M-H] at m/z 463, which was
identified as a quercetin-O-glucoside by comparison with an authentic standard. Compound 12
was indicated as rutin, as it displayed a negative molecular ion at m/z 609 and an MS/MS peak
at m/z 301 and 300, due to a loss of 308 Da, consistent with that of a legitimate standard. A
methylated derivative of quercetin was also identified characterized by an [M-H]™ at m/z 623,
with a main fragment ion at m/z 315 resulting from a loss of disaccharide (308 Da) as
isorhamnetin-O-rutinoside (peak 16). Tetrahydroxy-trans-stilbene was characterized by [M-H]
at m/z 243 and fragment ions at m/z 201 and at m/z 159.

The amount of total phenolic compounds in Butia da Praia was 4,178, 3,134 and 3,585
ug.gl dw for samples 1, 2, and 3, respectively. According to Hoffmann et al. (2018) the
phenolic composition varies according to the species and significant differences in the content
of phenolic compounds can be found according to the geographical location.

Butia da Serra presented 14 compounds similar to Butia da Praia (peaks 1, 2, 4, 6, 8, 9,
10, 12, 13, 16, 17, 19, 20 and 25) and the results obtained from the MS analysis are shown in
Table 4 and Fig. S2 (Supplementary Material). In total, 28 phenolic compounds were
identified. Among the Butias da Serra, hydroxybenzoic acids and flavan-3-ols were the main
group of compounds identified. The group with the highest concentration was flavan-3-ols,
which corresponded to more than 61.2% of the phenolic compounds, followed by
hydroxybenzoic acids (26.5%), hydroxycinnamic acids (6.1%), hydroxycinnamic acids (4%),
flavonols (3.7%), stilbenes (2.0%) and flavanones (0.6%) in lower concentrations. Flavan-3-ols
were the main group of compounds identified, presenting 6111, 3088 and 3413 pg.g™* dw, for

samples 1, 2 and 3, respectively and with the predominance of epicatechin gallate.
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Table 4. Chromatographic and spectroscopic characteristics of phenolic compound of Butia eriospatha (Mart. ex Drude) fruit obtained by HPLC-

DAD-MS/MS.
Ref. Concentration Concentration Concentration
t Amax [M-H] MS / MS ; ; ;
Peak Compound Unﬁoa ()b [(nﬂn] (i) (Mg.9%) (M.9%) (Mg.g™)
Butiada Serral Butia da Serra 2 Butia da Serra 3
1 Notidentified ® 128 275  293.1234 101'913982[]'_\/' -H- HOﬁ(rggT;)Et A 19405411.30° 16281 + 1.00°8 107.45 + 17.94¢
2 Dihydroxybenzoic acid " 155 275  153.0194 109.2351[M - H - 44] Che('zrgqg al. 335’;‘ 'gé,f 531.23 + 39.608 378.70 + 60.985
Egga)ggggﬁ?;egrh " 407.1103 [M - H - Jaiswal et al
3 ! . 16.5 283 593.1287 186].289.5130 [M - H ' 510.73 +18.634 376.33 +3.828 432.16 + 48.178
(Epi)catechin- _ (2012)
: . -50]
(epi)gallocatechin
259.0230 [M - H -
. . 180]; 205.0714; Hoffmann et al.
g ) ) B B A
4 Not identified 18.6 273 439.1832 163.0617: 143.0305: (2017) 38.09 +0.39 37.98 +0.27 50.30 + 5.03
101.0234
. . 249.1358 [M - H - Boeing et al. 3950.09 +
f B B
5 Epicatechin gallate 20.8 273 441.1970 192]" 161.0480 (2020) 238,154 1483.95 + 71.62 1221.87 +144.78
276 191.4485 [M - H - Hoffmann et al.
6 3-Caffeoylquinic Acid © 21.4 (sh) 353.0859 o (2018); Clifford et 39.84 + 0.04B 40.84 + 0.58~ 39.65 + 0.55~B
162]; 179.7490
331 al (2003)
407.0774[M - H -
170]; 381.0977;
Catechin/epicatechin dimer | 339.0893; 289.0722 Hoffmann et al. AB B A
7 d 21.8 273 577.1353 [M - H - 288]"; (2018) 304.35 + 25.00 235.95+1.36 317.33+49.10
245.0763; 161.0254;
125.0255
287 191.0566 [M - H - Hoffmann et al.
8 5-Caffeoylquinic Acid ® 22.1 (sh)  353.0882 162];173.0421[M-H (2018); Clifford et 99.63 + 4.87A 72.12 £1.048 67.61 + 8.308
326 — 162 - 18] al (2003)
203.0704 [M - H - 86]";
151.0398 [M - H - Hoffmann et al
9 (+)-Catechin d 22.7 273 289.0730 138];123.0462 [M - H ' 356.72 +22.247 189.95 + 1.78B 330.69 + 63.224

- 166]; 109.0286 [M -
H - 180]

(2018)
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Ref.

Concentration

Concentration

Concentration

Peak Compound (nffn)a ;(“nTn"’;ﬁ ['\(/'n{ ,g I M(fnﬁz';fs (Hg.g) (Hg.g) (Hg.g)
Butidda Serral Butia da Serra 2 Butia da Serra 3
276 173.6055 [M - H - Hoffmann et al.
10 4-Caffeoylquinic Acid ® 233 (sh)  353.0856 O Le0] (2018); Clifford et~ 47.17 £ 0.11A 43.74 + 2.697B 40.21 + 0.648
331 al (2003)
11 Procyanidin C1 trimer ¢ 234 272 865.1963 447'52f118[]'_\/' -H- Ho%%”lrg;’t - 3914414044 21802 +33.15° 237.79 + 33.507
407.0775; 339.0890;
12 ﬁ‘feCh'”/ epicatechindimer 37 973 577.1349 2§§£Z 22249877'; HOﬁ(ngrl‘g)et Al 93090+1270  218.56 + 41,1448 161.75 + 8.988
161.0240; 125.0253
203.0737 [M - H - 86];
151.0395[M - H - Hoffmann et al
13 (-)-Epicatechin 245 272 289.0732 138] 137.0243; Qotg) | 16349£216°  15114%863" 153.14 + 13,607
123.0461; 109.0284
[M - H - 180]
407.0776; 339.0881;
14 ﬁfthh'”/ epicatechindimer — ,, 7 975 577.1347 2;3892';(])_7_3224937'7'1'_' HOﬁgggg)‘*t Al 35569+41218 21463 +19.02 550.26 + 40.71A
161.0252; 125.0255
298
S 179.0377 [M - H - Graga et al.
15  Caffeoylshikimic acid I © 25.6 (sh)  335.0763 iy 64.37 + 1.208 81.04 + 1.624 44.19 +1.22¢
327 156]'; 135.0468 (2017)
295 179.0364 [M - H - Graca etal
16  Caffeoylshikimic acid I1 ¢ 26.4  (sh) 335.0769  156]; 161.0274; (29017) : 160.36 £9.875  336.18 + 7.85° 69.22 + 3.37°
327 135.0459
Quercetin-3-O-rutinoside 301.0348 [M - H - Hoffmann et al. A B B
17 Catig 281 356  609.1452 308]- 300.0289 2018) 170.98 + 11.58 50.73 + 1.95 48.72 + 9.59
327.0537, 2850847 L
18  Kaempferol-3-O-rutinoside?  29.6 353  593.1516 [M - H - 308]; 2018 26.50 + 0.80 16.89 + 0.62° 16.77 £ 0.74°
284.0331
301.0281[M - H - Hoffmann et al
19 Quercetin-3-O-glucoside ¥ 30.1 355  463.0885 162]; 300.0286; (2018) ' 13.93+1.28~ 3.44 £0.27¢ 7.30 + 1.098
271.0232; 151.0043
20 Isorhamnetin-O-rutinoside 304 354  623.1614 35{526-23;-%&'3933 H°ﬁ(“;gr1‘g)et - gag5 a8 12,55 + 1.22¢ 51.31 + 6,988
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Ref. Concentration

Concentration

Concentration

Peak Compound (nffn)a ;(“nTn"’;ﬁ ['\(/'n{ ,g I M(fnﬁz';/c's (Hg.g) (Hg.g) (Hg.g)
Butidda Serral Butia da Serra 2 Butia da Serra 3
314.0437; 299.0222;
151.0021
Quercetin-3-0- 505.1030; 463.0849; Hoffmann et al
21 oeide & 317 354  549.0897  301.0339; 300.0276; 0o18) 56.16 + 3.487 7.51 +0.64° 21.29 + 1.928
i 271.0233; 179.0026
285.0339 [M - H -
S 162]; 284.0333; Hoffmann et al.
2_.0)- 1 1 1 A B B
22 Kaempferol-3-O-glucoside’ 322 341 447.0010  oocai S (2018) 27.40 £ 1.63 19.18 £ 0.76 20.75+2.22
174.9570
285.0339 [M - H -
. 162]; 284.0324; Hoffmann et al.
-3-0)- 1 ’ ’ B A B
23 Kaempferol-3-O-glucoside 32.6 333  447.0916 255.0299: 227.0302; (2018) 16.31+0.31 18.00 + 0.49 16.13+0.99
174.9567
489.1068 [M - H - 44];
aempferol-3-O-glucoside | . . X  £59.U9 : 33+1. 63 +2, .96 + 0.
24 Kaempferol-3-O-glucoside’ 344 349  533.0916 44&2_03 _2f652(])333 HOﬁgggg)‘*t al 32.33+ 1,03 21.63 +2.78° 15.96 + 0.37°
284.0333
. 276 - Hoffmann et al.
g5 Tetrahydroxy-trans-stilbene o5, gy 943 0657 21%;'%5’117‘; [['\I\"A i HH i ‘;i]]j (2018): Hoffmann  64.83 + 0.738 70.94 + 3.57AB 75.25 + 5197
323 : etal. (2017)
287 . :
26 Trans-Resveratrol ! 405  (sh)  227.0706 185'5771235'\20'7;' -42T BO‘(*'Z%%S al. 65.29 + 0.64% 67.58 + 0.96% 68.01 + 4.02%
322 :
4632525 3010353 [M-H - Cheiran et al.
27 Quercetin hexoside 41.6 356 ' ' 162] (2019); Hoffmann 1.01+0.19 <LOQ <LOQ
et al. (2018)
28 Pinocembrin] 439 285  255.0670 125'88113?0[]M -H- HOﬁ(”;grl‘g)et al. 41.65+0.137 39.49 +0.20° 40.66 + 2.52~
Total phenolic compounds 11299.08 + 4721.72 + B
683 B4* 157195 4593.47 + 480.48
Total hydroxybenzoic acids 4;22.28‘; 73202 + 40 618 536 45 + 83 958
Total flavan-3-ol Peagnie 308853+ 78.46°  3413.98 + 351.88°
Total flavonol 409.46 + 22.947 149.25 +5.03¢ 198.23 +19.218
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tr hmax [M-HJ MS / MS Ref. Concentration Concentration Concentration

Peak Compound 1 a b ¢ (h9.9™) (hg.g™) (Mg.9™)
(min)*  (nm) (m/z) (m/2) Butidda Serral Butid da Serra 2 Butia da Serra 3
thj‘s' hydroxycinnamic 42037 +1589®  573.91 + 10.01A 260.88 + 13.89C
Total stilbenes 130.12 + 1.37A 138.52 + 4.31~ 143.26 + 9.14A
Total flavanones 41.65 +0.13~ 39.49 + 0.20 40.66 + 2.52A

2 Retention time on the C18 Synergi (4 um) columm; ® Solvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid; ¢ In the MS/MS, the most abundant
ion shown in boldface; ¢ Quantified as Catechin; ¢ Quantified as Chlorogenic Acid; T Quantified as Epigallocatechin gallate; ¢ Quantified as Gallic Acid; " Quantified as
Hydroxybenzoic Acid; ' Quantified as Kaempferol; | Quantified as Luteolin; X Quantified as Quercetin 3-glucoside; ' Quantified as Resveratrol; ™ Quantified as Rutin. Data

represent the mean of 3 replicates + standard deviation. Different uppercase superscript letters in the same line indicate statistically significant difference by Tukey test (p<0.05).
LOQ: Limit of Quantification. ND: not detected.
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In this fruit, other catechins and epicatechin derivatives have been identified (peaks 3,
5, 7, 11, and 14) and in small amounts, kaempferol and derivatives (peaks 18, 22-24),
characterized especially by fragments at m/z 285 and 284. Peaks 21 and 27 were tentatively
identified as quercetin-3-O-malonylglucoside and Quercetin hexoside based on the MS/MS
fragmentation, yielded ions at m/z 301, consistent with the literature (J. Hoffmann et al., 2018).
Peak 26 had a negative molecular ion at m/z 227 and MS/MS fragment ion at m/z 185.
Therefore, it was tentatively identified as trans-resveratrol, consistent with previously reported
data in B. odorata (Boeing et al., 2020) and with the standard. A flavanone has been identified
as Pinocembrin [M-H] at m/z 255 (peak 28), compound that has been associated with
antimicrobial, anti-inflammatory, anticancer and antioxidant effects (J. Hoffmann et al., 2018).
Denardin et al. (2015) who evaluated this specific species, found the following compounds:
gallic acid derivatives, protocatechuic acid derivatives, caffeic acid derivatives, chlorogenic
acid derivatives, isoquercitrin, quercetin derivatives, hyperoside, and rutin.

The 17 compounds identified and quantified in Arumbeva are shown in the Table 5 and
the respective HPLC-DAD-MS/MS chromatogram in Fig. S3 (Supplementary Material).
Studies that evaluated other species of Opuntia supported the identification of these compounds
since the composition of O. elata has not been previously described. In a recent review, Aruwa
et al. (2018) identified in Opuntia fruit piscidic, eucomic, ferulic, coumaric, and caffeic acids,
as well as rutin, taxifolin, kaempferol, isorhamnetin and their glycosylated derivatives, in
agreement with the results. Prickly pears have a high phenolic content. Among flavonoids,
isorhamnetin is one of the most abundant and is found in the form of at least five different di-
and triglycosides, especially isoglycan-3-O-rutinoside and isorhamnetin tryglycosides and
phenolic acids such as fucic acid, piscic acid and acid eukomic (Garcia-Cayuela, Gomez-
Maqueo, Guajardo-Flores, Welti-Chanes, & Cano, 2019; Gémez-Maqueo, Garcia-Cayuela,
Welti-Chanes, & Cano, 2019).
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Table 5. Chromatographic and spectroscopic characteristics of phenolic compound of Opuntia elata Salm-Dyck fruit obtained by HPLC-DAD-

MS/MS.
P A Concentration  Concentration  Concentration  Concentration
t M - HJ MS / MS ) ) ) )
ea Compound (mﬁ,)a max | (m,z)] (miz)° Ref. (Mg.g™) (Mg.g™) (Mg.g™) (Mg.g™)
k (nm)P Arumbeva 1 Arumbeva 2 Arumbeva 3 Arumbeva 4
1 Not identified f 10.7 280  271.0482 123.0449; 122'20]_296 [M-H- Semedo (2012) 159.86 + 11.11B  152.24 + 14948 23234+ 16.07® 638.82 + 70.97~
Piscidic acid derivative . 1206.51 £ 1702.31 £ 1670.92 £ 1958.59 +
2 11.8 266  417.1255 165.3113 [M - H - 252] Semedo (2012) 85 728 168.88A 216.50A 73.70A
193.0459 [M - H - 62];
Lo Aruwa et al. (2019); 23728.85 27743.63 £ 25410.38 = 23488.99 +
g . - -
3  Piscidic acid 134 274  255.0548  179.0372; 1695(55)-579 [M-H Semedo (2012) 1925 07A 3829 34A 2826.83A 2606.70°
179.0361 [M - H - 162]; Da Silva et al
4 Dicaffeic acid ¢ 184 325  341.0923 161.0252 [M - H - 18];; ' <LOQ <LOQ <LOQ <LOQ
(2014)
133.0303
288 e 303.1383 [M - H - 162 (20?5?&121‘?;;:}1 et
5  Taxifolin hexoside " 20.8 465.1974 285.1309 [M - H - 18]. o, . 61.53 + 0.938 62.67 + 0.408 69.16 + 1.654 67.34 + 1.324
325 151.3950 [M - H - 28] al. (2015); Da Silva
' et al. (2014)
g P-Coumaricacid 4-O- 222 288 3250090  (ASOBI6[M-H-I80TT  Ajwaetal 2019) 16000954  1852£210°  19.05# 2024 8.88 + 1.368
glucoside 117.0370
Caffeic acid 4-O- 296 175.0365 [M - H - 1807];
7 Sy 23.8 (sh)e 355.1092 160.0179 [M - H - 195]; Aruwa et al. (2019) 130.45+10.62® 114.76 +16.168 142.65+ 15508 205.10 + 22.28*
glucuronide
330 134.0383
8 ;&gﬂgtciﬁ'ated 255 342 755220 301.0367;300.0318:178.9999 Santosetal. (2018)  9.03 + 0.95A 8.49 0.9~ 9.85+0.737 9.89 £ 0.287
9 ;&Lf’c'gtfgsﬁ'ated 257 343 7552197 301.0380:300.0313:179.0033 Santosetal. (2018)  1.37 +0.18C 2.46 +0.10° 1.96 + 0.238 1.27 +0.14°
Isorhamnetin-O-
e 605.1579; 339.0558; o 190.03 + A A B
10  hexoside-O o 26.3 355  931.2655 315.0518: 314.0475: 179.0019 Castafieda (2019) 19.04A8 233.05+23.05% 235.22 £27.04* 166.73 £ 24.03
(dihexosylhexoside)
Isorhamnetin-O-(di- ) ~
) 315.0514 [M - H - 4547, Castafieda (2019); A A A A
11 deoxy_hexoisyl 27.2 355  769.2382 314.0490; 179.0012 Semedo (2012) 147.39 + 15.24 156.99 + 16.98 173.34 £ 16.45 156.65 *+ 20.37
hexoside)
Isorhamnetin-O-(di- ) ~
) 315.0509 [M - H - 4547; Castafieda (2019); A A A A
12 ﬁg)(:;(;/itgji);c?syl 27.7 356  769.2361 314.0484: 179.0494: 119.0372 Semedo (2012) 32.93 £ 3.56 36.52 £ 4.75 38.79 £ 3.13 35.28 £5.04
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A

Concentration

Concentration

Concentration

Concentration

t M - H] MS / MS ) ) ) )
ea Compound (mﬁ,)a max | (m,z)] (miz)° Ref. (Mg.g™) (Mg.g™) (Mg.g™) (Mg.g™)
k (nm)P Arumbeva 1 Arumbeva 2 Arumbeva 3 Arumbeva 4
Aruwa et al. (2019);
OUerCetin3-0- 403.1872; 343.0585; 301.0366 Cg?%’:ﬁgﬁn(i?é?)
13 < o 282 356 609.1585  [M -H -308]; 300.0324; e e dl 7393+747°  7670+7.89°  83.00+7.67A  85.19+10.05
rutinoside (rutin) (2018); Kivrak et
151.0053 _
al. (2018); Campos
(2016)
14 Not identified f 295 279  565.2018 361'176%3?%1_2335]?’27'1285 Semedo (2012) 62.94 + 1,358 63.06 +0.398  68.90+1.86%  80.54+547A
Isorhamnetin 3-O-
galactoside 7-O-
rhamnoside or 357.0672; 315.0553 [M - H - A A A A
15 | corhamnetin 3-O- 305 347 623.1726 308]- 209.0284 Aruwaetal. (2019) 222.67 +21.33~A 243.92 +30.27° 268.41 +29.24~ 237.75+27.48
glucoside 7-O-
rhamnoside |
Trihydroxy
1 Octadecenoic acid 313 328 3201063  137.0257[M-H-192]  Aruwaetal 2019); 5o .6, 5988 5ge9+257A  49.22+285°  43.95+ 2.48°
(pinellic acid) or Slimen et al. (2017)
Cirsiliol @
- Aruwa et al. (2019);
17 Taxifolin" 331 228 gogosay  WOLOWSIM-H-IS21 o obietal.  103.97 +3.044 10827 +2.92°  73.92+1008 7186+ 1.078
323 125.0261 [M - H - 178] (2010)
Total phenolic 26204.56 + 30782.27 + 28547.11 + 27256.83 +
compounds 2102.617 4117.77A 3163.89% 2763.994
Total hydroxybenzoic 25158.16 + 29661.23 + 27382.55 + 26166.95 +
acids 2019.78~ 4012.41A 3058.14A 2649.58A
Total flavanonols 165.50 £ 3.27A  170.94+3.32A  143.08+2.578  139.20 + 1.768
Total flavonol 677.35+67.03 758.12+83.75° 810.56 + 83.85%  692.75 + 86.70*
Total 5 5 210.92 + N
hydroxycinnamic acids 203.55 + 13578 191.97 +20.31 0.0BAE 257.93 + 26.09

2 Retention time on the C18 Synergi (4 um) columm; ® Solvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid; ¢ In the MS/MS, the most abundant
ion shown in boldface; ¢ Quantified as Caffeic Acid; ¢ Quantified as Coumaric acid; f Quantified as Gallic Acid; 9 Quantified as Hydroxybenzoic Acid; " Quantified as Quercetin;
' Quantified as Quercetin 3-glucoside; | Quantified as Rutin. Data represent the mean of 3 replicates + standard deviation. Different uppercase superscript letters in the same line
indicate statistically significant difference by Tukey test (p<0.05). LOQ: Limit of Quantification.
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In this fruit, 96.1% of the compounds were part of the hydroxybenzoic acids group,
2.6% to flavonols, 0.8% of hydroxycinnamic acids, and 0.5% to flavanonols.

Two hydroxybenzoic acids (Piscidic acid and its derivative, peaks 3 and 2, respectively)
were the major compounds, followed by isorhamnetin derivatives and caffeic acid 4-O-
glucuronide. Together, these compounds presented concentrations of 24935, 29446, 27081,
25448 ng.g! dw in Arumbeva 1, 2, 3, and 4, respectively, which was the maximum
concentration detected among the compounds identified in the present study. The occurrence
of piscidic acid is uncommon in nature, but it has also been identified in the Mexican and
Spanish prickly pear as a major phenolic (Garcia-Cayuela et al., 2019).

Compound 4 presented the negative molecular at m/z 341 and a fragmentation pattern
typical of dicaffeic acid (Silva, Rodrigues, Mercadante, & De Rosso, 2014). Peaks 5 and 17,
which corresponded, respectively, to the compounds taxifolin hexoside (at m/z 465) and
taxifolin (at m/z 303) were identified by the fragmentation pattern, which was consistent with
previous data (Aruwa, Amoo, & Kudanga, 2019; Cheiran et al., 2019; da Silva et al., 2014; EI
Mannoubi, Barrek, Skanji, & Zarrouk, 2010; Hofmann, Nebehaj, & Albert, 2015; Zapata et al.,
2012).

Two signals (peaks 8 and 9) at m/z 755 [M-H]™ were observed that eluted at 25 min.
These components were identified as tri-glycosylated quercetin | and 11, and the fragmentation
pattern reported is consistent with the literature (Santos et al., 2018). Peaks 10, 11, 12 and 15
displayed a fragment ion (MS/MS) at m/z 315, corresponding to isorhamnetin derivatives,
consistent with previous data (Aruwa et al., 2019; Castafieda, 2019; Semedo, 2012). Cactus
pear fruit is a unique source of isorhamnetin glycosides, especially isorhamnetin-3-O-rutinoside
and isorhamnetin tryglicosides and phenolic acids such as fukic acid, piscidic acid and eucomic
acid (Benayad, Martinez-Villaluenga, Frias, Gomez-Cordoves, & Es-Safi, 2014). Phenolic
compounds such as piscidic acid and isorhamnetin glycosides have high antioxidant and anti-
inflammatory activity (Gémez-Magqueo et al., 2019).

Compound 13 was identified as quercetin-3-O-rutinoside (rutin) because it had a [M—
H]~ at m/z 609, and analysis of the MS/MS spectra revealed the loss of 380 Da, corresponding
a loss of a disaccharide and giving a molecular mass of 301 Da, which is quercetin.

Although not identified, peaks 1 and 14 showed characteristics similar to those found
by Semedo (2012) in O. ficus indica.

3.2 Phenolic compounds quantification (hydroethanolic extracts)
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The hydroethanolic extracts of the three fruits were also evaluated for their phenolic
composition. In the formulation of these extracts, ethanol was chosen because it is an efficient
solvent in the extraction of the phenolic compounds, cheap and ecological, in addition to
presenting low toxicity in relation to others commonly used (Blidi, Bikaki, Grigorakis,
Loupassaki, & Makris, 2015). The chosen solution was efficient to extract the phenolic
compounds from the matrices.

The hydroethanolic extracts of all samples from Butia da Praia showed a greater amount
of total phenolic compounds, hydroxybenzoic acids, and flavonols, with an increase of 97, 56
and 48% of the total phenolic compounds for samples 1, 2 and 3 respectively (Table S1,
Supplementary Material). The main groups found in the hydroethanolic extract were the same
found in the fruit: 76.9% hydroxybenzoic acids and 13.4% flavan-3-ols, followed by flavonol
(5%), hydroxycinnamic acids (3.8%) and stilbenes (0.9%) in lower concentrations. The major
compounds identified hydroxybenzoic and chlorogenic acids, catechin or epicatechin and their
derivatives and rutin were the predominant compounds, likewise in the fruit. The content of
stilbenes in the hydroethanolic extracts of all three samples was decreased.

For Butia da Serra, the extracts had no increase in the content of total phenolics (Table
S2, Supplementary Material). Although the content of total phenolic compounds in the
hydroethanolic extract was similar to the fruit, the content of flavan-3-ols, flavanones and
stilbenes decreased substantially. In the average of the evaluated samples, 52.6% belonged to
the flavan-3-ols group, 36.1% to hydroxybenzoic acids, followed by hydroxycinnamic acids
(5.8%), flavonols (3.8%), stilbenes (1.5%), and flavanones (0.2%) in lower concentrations.

The concentration of phenolic compounds has greatly increased in hydroethanolic
extracts of Arumbeva (Table S3, Supplementary Material). Similar to the fruit extract, the
two main groups were hydroxybenzoic acids (96%) and flavonol (2.8%), followed by
hydroxycinnamic acids (0.8%) and flavan-3-ols (0.4%) in a lower concentration. Except for
flavan-3-ols, in comparison to the fruit extract, the phenolic compounds of the sample 1
increased their content by about 2-fold. The phenolic profile was dominated by piscidic acid

and its derivative and isorhamnetin derivatives, similar to those found in the fruit.

3.3 Antioxidant capacity
Many studies show a strong and positive correlation between the content of phenolic
compounds and the antioxidant potential of fruits and vegetables that, when incorporated into
the human diet, reducing the risk of developing some diseases (Santos-Buelga et al., 2019). The
antioxidant activity of phenolic compounds is attributed to the capacity of scavenging free
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radicals, donating hydrogen atoms, electrons, or chelate metal cations (Minatel et al., 2017,
Santos-Buelga et al., 2019). Thus, their molecular structures (especially the number and
positions of hydroxyl groups, and the nature of substitutions in aromatic rings) is higly related
to the antioxidant activity of these compounds (Santos-Buelga et al., 2019).

Reactive oxygen and nitrogen species (ROS and RNS) are derived from endogenous
sources (mitochondria, peroxisomes, endoplasmic reticulum, phagocytic cells, etc.) and
exogenous sources (pollution, alcohol, tobacco smoke, heavy metals, transition metals,
industrial solvents, pesticides, certain medications such as halothane, paracetamol, and
radiation) (Phaniendra, Jestadi, & Periyasamy, 2015). Although they are products of normal
cellular metabolism, due to their high reactivity, they can abstract electrons from other
compounds for stability (Phaniendra et al., 2015). Thus, the attacked molecule loses its electron
and becomes a free radical itself, beginning a cascade of chain reactions that finally damage the
living cell and consequently impair vital functions in the human body (Phaniendra et al., 2015).
Oxidative and nitrosative stress are developed when there is an excess production of ROS/RNS
or a deficiency of enzymatic and non-enzymatic antioxidants on the other (Phaniendra et al.,
2015).

Table 6 shows the antioxidant capacity of the hydroethanolic extracts of Butia da Praia,
Butia da Serra and Arumbeva evaluated by the ABTS, deoxyribose and ORAC assay.

Table 6. Antioxidant capacity of hydroethanolic extracts of the Butia catarinensis Noblick &
Lorenzi, Butia eriospatha (Mart. ex Drude) and Opuntia elata Salm-Dyck fruit.
1Cs0 P | radical
Samples ABTS Hydroxyl erC()éyO E)ai) ca
radical (*OH)

ButiadaPraial 108.5+1593°  6.59+050°" 228.22 +15.26 2
ButiadaPraia2 231.1+47.02°2 18.80 +4.21 2 196.66 + 17.34 2
ButiddaPraia3 177.7+41.06%° 1541+447% 192,00+ 29.92°

Butiada Serral  61.01+8.23° 9.16 +1.85° 281.65 + 18.56 2
Butiada Serra?2 163.8+13.572  27.58+9.892 182.17 + 25.98 P
ButiaAdaSerra3 71.84+26923° 2219+0.38%°  250.60 + 26.54 2P

Arumbeva 1 339.5+72.40°¢ 3493+357° 172.05 +30.50 @
Arumbeva 2 261.1+33.97° 78.76 + 3.15" 187.70 £ 26.45 %
Arumbeva 3 483.1+26.02° 73.81+550° 241.88 + 35952
Arumbeva 4 1120 +83.51% 4106 +925.10* 167.91+27.09°

Values are the mean of 3 replications (+ standard deviation). ABTS and Deoxyribose: Results
expressed as 1Cso (ug.mL™). ORAC (oxygen radical absorbance capacity): Results expressed as
UM of Trolox equivalents (TE) per g of extract in dry weight. Different superscript in the same
column for each fruit indicate statistically significant difference (p<0.05)
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The ABTS test - 2,2 -azinobis(3-ethylbenzothiazoline-6-sulfonic acid) - is one of the
most used to measure the antioxidant capacity, measuring compounds of hydrophilic and
lipophilic nature (Kuskoski et al., 2005; Maria do Socorro Moura Rufino et al., 2007). In all
tested concentrations, the samples from Butia da Praia and Arumbeva remove ABTS'" radical
(Fig. S4, Supplementary Material). For Butia da Serra, the reduction was obtained only at the
lowest concentrations (50 and 100 pg.mL™?). In all samples, the lower the tested concentration,
the more effective was the reduction. In the comparison between the different harvests of each
fruit, Butia da Praia 1, Butia da Serra 1, and Arumbeva 2 were the ones with the lowest 1C50,
which means the highest antioxidant capacity (Table 6).

As expected, the addition of H20: depleted the GSH levels of the medium when
compared to the control (172.1+72.3 nmol DTNB.mL? for H20; vs. 383.0+71.7 nmol
DTNB.mL? for Control). None of the hydroethanolic extracts were able to prevent the
oxidation of GSH by hydrogen peroxide (p > 0.05, data not shown). There was no effect of the
fruits studied against the depletion of GSH by H.O- in the average of all concentrations tested
and harvests (265.5+5.5 vs. 246.7+9.1 nmol DTNB.mL™? for Butias da Praia; 145.1+7.5 vs.
167.3+34.9 nmol DTNB.mL™* for Butias da Serra and; 81.5+6.7 vs. 102.2+49.8 nmol
DTNB.mL? for Arumbevas). Thus, we can speculate that in a water-soluble medium, the
hydroethanolic extracts from different samples of Butia da Praia, Butia da Serra, and Arumbeva
fruit are not able to scavenge H2Oz or directly reduce GSH, similar to the results found by
Torma et al. (2017) for acai.

The ability of hydroethanolic extracts to remove the hydroxyl radical (‘OH) formed from
the Fenton reaction was also evaluated by the deoxyribose degradation method (Pizzino et al.,
2017). In the deoxyribose assay, all extracts at all concentrations used showed scavenging
effects (Fig. S5, Supplementary Material). Butia da Praia 1, Butia da Serra 1, and Arumbeva
3 showed the superior antioxidant capacity (Table 6). There is no endogenous enzymatic
mechanism to eliminate this radical and, therefore, hydroxyl radical is considered the most
reactive among all the free radicals and can cause lipid peroxidation, thus damaging cell
membranes and lipoproteins (Pizzino et al., 2017).

The results obtained in the 1Cso for ABTS and hydroxyl radicals are in agreement with
the quantification of the total phenolic compounds in the extracts. Butia da Praia 1 and Butia
da Serra 1 had the lowest I1Cso values for both analyzes and were the extracts with the highest
amount of phenolic compounds. Butia da Praia 2 had the highest ICso values and the lowest

phenolic content. For Arumbeva, samples 1 and 2 presented the lowest values for the 1Csg of
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ABTS and deoxyribose and were the ones with the highest amount of phenolic compounds,
unlike sample 4, with the highest ICso values and the lowest amount of phenolic compounds.

The results of antioxidant capacity by the ORAC method of free radical deactivation
analysis are shown in Table 6. This method uses peroxyl radicals that are better models of
antioxidant reactions with oxidizing lipids and in foods and in vivo, provides continuous
generation of radicals on a realistic time scale, and it is conducted under conditions close to
physiological (Schaich, Tian, & Xie, 2015).

Also, the fluorescence relative decay curve for the trolox standard, blank, and native
fruit hydroethanolic extracts at different concentrations (200 ppm for Butié da Praia e Butia da
Serra and 250 ppm for Arumbeva) is shown in Figure 1, which indicates that the longer the
delay time of the drop in the fluorescence intensity in the test, the higher efficiency of the
antioxidant in transferring hydrogen atoms to the peroxyl radical and, therefore, the higher the
efficiency in inhibiting the reaction speed. The antioxidant capacity of the extracts is high and
always higher than that of Trolox, which is suitable as a biological antioxidant due to its high
capacity to capture ROS. The graphs demonstrate the protective capacity of the extracts since
they managed to delay the decay of fluorescein. The significant increase in antioxidant capacity

is due to the high content of bioactive compounds.

Figure 1. Fluorescence relative decay curve induced by AAPH in the presence of native fruit
(Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart. ex Drude) and Opuntia elata
Salm-Dyck) hydroethanolic extracts at different concentrations (200 ppm for Butia da Praia e
Butia da Serra and 250 ppm for Arumbeva).
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Among the results of the different harvests, only Buti4 da Serra presented significant
values, with sample 1 showing higher activity than sample 2 (281.65 + 18.56 vs. 182.17 + 25.98
umol TE.g* dw).

For the three extracts studied, the values found are superior to fruits such as chokeberry,
wild blueberry, cranberry, blackberry, raspberry and strawberry (160.62; 134.27; 89.83; 77.01;
60,58 and 59.38 uM TE.g%, respectively) (Schaich et al., 2015), likewise, avocado, grape and
lemon (21.4; 35.8; 37.2 uM TE.g}, respectively) (Morales-Soto et al., 2014). For O. ficus-
indica the ORAC values found for the peel and pulp were 297.6 + 22.5 and 81.4 £ 11.5 um
Trolox eq.g™ dry weight, respectively (Gomez-Magqueo et al., 2019), which can be compared
to these results.

Despite the difference in methods, studies report a strong positive correlation between
different tests that assess antioxidant capacity (Dudonné, Vitrac, Coutiére, Woillez, & Mérillon,
2009; Floegel et al., 2010). Although the methods use different mechanisms, analysis
conditions and free radicals (which explains the different values), in this study, they showed

agreement. For example, Butia da Praia 1 and Butid da Serra 1 presented the superior
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antioxidant capacity for both the ABTS, deoxyribose and the ORAC methods; likewise, lower
values for sample 4 of Arumbeva.

The determinations carried out in vitro give us only an idea of what happens in complex
situations in vivo (Kuskoski et al., 2005). Therefore, the extracts were also tested on markers of
oxidative damage in C. elegans. The nematode has emerged as an important experimental
model, since it has similarities with mammals regarding the neurobiology and stress responses
(Hunt, 2017). The ROS generation by the metabolism of C. elegans, evaluated by DCF
fluorescence, was lower for Butié da Praia 1, 2, and 3; Butié da Serra 1 and 3; and Arumbeva 3
and 4 when compared to the control (p < 0.05, Figure 2). This effect may be associated with
the phenolic composition of the sample or an endogenous defense mechanism, such as the
activation of antioxidant enzymes, not evaluated in this study, capable of counterbalancing it
(Yang & Hekimi, 2010). This reflects the maintenance of the balance between the systemic
manifestation of ROS or the reduction of the ability to promptly detoxify the reactive
intermediates or repair the damage. All the other extracts did not differ from the control, so they
did not increase or decrease the generation of ROS. Furthermore, the addition of hydroethanolic
extracts did not affect the survival of the nematodes when compared to the control (p> 0.05,
data not shown), which indicates the absence of toxicity of the extracts. In fact, Tambara et al.
(2020) observed that B. eriospatha extract did not affect the worms' survival or egg laying,
besides reverse the oxidative damage induced by hydrogen peroxide and extend the lifespan of

the nematode.

Figure 2. Effect of native fruit (Butia catarinensis Noblick & Lorenzi, Butia eriospatha (Mart.
ex Drude) and Opuntia elata Salm-Dyck) hydroethanolic extracts on ROS generation [dichloro-
fluorescein diacetate (DCFH-DA) assay]. Results are expressed in means and different
superscript indicate statistically significant difference (one way ANOVA and Tukey Test, p <
0.05). AR: Arumbeva; BP: Butia da praia; BS: Butia da Serra.
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4. CONCLUSIONS

The native Brazilian fruits Butié da Praia, Butid da Serra, and Arumbeva have in their
composition considerable amounts of bioactive compounds, well as antioxidant activity, with
18, 28 and 17 individual phenolic compounds identified, respectively. The main groups of
phenolic compounds found in the fruits of Butia da Praia and Arumbeva were hydroxybenzoic
acids and flavan-3-ols. Butia da Serra was characterized mainly by hydroxybenzoic acids and
flavonols. This study is the first to address specifically the phenolic compounds of the Butia da
Serra and Arumbeva species and highlights these fruits as new sources of natural antioxidants.

This study elucidated that the hydroethanolic extracts formulated from these fruits were
considered excellent sources of phenolic compounds, reaching an increase of up to 98% in the
total phenolic compounds of the fruit. In addition, the extracts had antioxidant effects in vitro
and in vivo, as well as, did not present toxic effect in vivo. The formulation of extracts can
further expand its use, enabling future applications in food and/or pharmaceutical products,
encouraging and valuing the sustainable use of biodiversity.

In addition to the health benefits, the fruits included in this study proved to be promising
sources of natural antioxidants, with variation among species as well as the influence of the

collection site on phenolic composition.
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SUPPLEMENTARY MATERIAL

Table S1. Phenolic compound composition of Butia catarinensis Noblick & Lorenzi
hydroethanolic extracts.

Concentration

Concentration

Concentration

Peak Compound (ng.mL?) (Hg.mL?) (Hg.mL™?)
Buti da Praia 1 Butié da Praia 2 Butié da Praia 3

1 Not identified ¢ 221.71 +19.458 163.42 + 16.118 416.58 + 56.57A

2 Dihydroxybenzoic acid © 6467.78 £ 319.93*  3260.18 +381.758  3535.13 + 593,538

3 Not identified ¢ 40.99 + 4.808 56.10 + 2.314 38.58 + 4.108

4 3-Caffeoylquinic Acid ¢ 45.28 + 4.637 41.14 + 2.69/B 35.01 + 2.698

5 5-Caffeoylquinic Acid ¢ 97.30 £ 7.91A 85.08 + 12.99A 109.72 + 15.85

6 (+)-Catechin ® 257.00 + 25.894 208.44 + 12.407 217.44 + 32.36"

7  4-Caffeoylquinic Acid © 38.85+1.93A 36.86 + 0.68* 34.42 + 2.624

8 Catechin/epicatechin dimer 1 ° 197.01 +7.354 156.67 + 5.528 167.87 + 25.74AB

9 (-)-Epicatechin ® 118.65 + 0.87° 135.11 £ 3.614 129.63 + 8.11A8

10  Epicatechin epicatechin ® 140.79 + 11.47A 146.88 + 6.31A° 123.36 £ 9.71~

11 Caffeoylshikimic acid © 62.77 + 1.94A 51.19 + 2.058 63.39 + 6.747

12 Quercetin-3-O-rutinoside (rutin) ! 244.47 + 2.01A 271.05 +32.934 168.96 + 32.198

13 Not identified @ <LOQ <LOQ <LOQ

14 Catechin/epicatechin dimer 11 200.14 + 21.047 107.21 + 2.89C€ 163.24 + 9.658

15 Quercetin-3-O-glucoside ¢ 14.01 £ 0.82" 23.44 + 3.32A 8.82 + 1.508

16 Isorhamnetin-O-rutinoside ¢ 54.95 + 1.498 73.76 £ 9.97A 29.68 + 6.12¢

17 Dihydrokaempferol 13.09 + 0.45% 13.50 + 0.494 12.28 £ 0.71A
acetyl-hexoside

18  Tetrahydroxy-trans-stilbene " 54.52 + 0.484 52.57 + 1.77° 52.10 + 4.42~
Total phenolic compounds 8269.32 + 303.32%  4882.61 +475.428  5306.22 + 720.29"
Total hydroxybenzoic acids 6730.49 £ 299.69%  3479.70 £ 399.728  3990.29 + 653.86"

Total flavan-3-ol
Total flavonol

Total hydroxycinnamic acids

Total stilbenes

913.59 + 10.83*
326.52 +2.75%
244.20 + 7.65%
54.52 + 0.48"

754.31 + 23.28"

381.75 + 46.00*

214.27 + 11.424
5257+ 1.774

801.55 + 65.738

219.74 + 31.528

242.55 + 17.86"
52.10 + 4.424

a Quantified as Caffeic Acid; ® Quantified as Catechin; ¢ Quantified as Chlorogenic Acid; ¢ Quantified as Gallic
Acid; ¢ Quantified as Hydroxybenzoic Acid; f Quantified as Kaempferol; 9 Quantified as Quercetin 3-glucoside; "
Quantified as Resveratrol; ' Quantified as Rutin.
Data represent the mean of 3 replicates + standard deviation. Different uppercase superscript letters in the same
line indicate statistically significant difference by Tukey test (p<0.05). LOQ: Limit of Quantification.
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Table S2. Phenolic compound composition of Butia eriospatha (Mart. ex Drude)
hydroethanolic extracts.

Concentration

Concentration

Concentration

Peak Compound (Hg.mL?) (ng.mL?) (ng.mL™?)
Butid da Serra 1 Butid da Serra2  Butia da Serra 3
1 Not identified ¢ 167.16 + 10.10~ 121.33 +9.368 95.83 + 15.41B
2 Dihydroxybenzoic acid ¢ 5643.58 + 163.474 904.63 + 46.81B 460.98 + 76.01¢
3 (Epngallocatechin-(epi)catechin or 439.39+4370°  737.39+36.61A  396.11 + 15.26°
(Epi)catechin-(epi)gallocatechin
4 Not identified ¢ 42.64 +3.70A 4523 +1.08” 41.27 £ 0.43~
5 Epicatechin gallate © 3578.33 +465.49~  1221.42+60.31®  1097.31 + 78.108
6 3-Caffeoylquinic Acid ° 36.81 + 1.398 49.18 + 3.117 35.76 + 1.068
7 Catechin/epicatechin dimer 1 2 196.76 + 21,5748 140.76 + 4.588 233.60 + 37.454
8 5-Caffeoylquinic Acid ° 120.51 + 10.60% 65.07 + 1.048 66.74 + 4,178
9 (+)-Catechin @ 233.38 + 23.354 175.05 + 11.444 243.09 + 42.844
10 4-Caffeoylquinic Acid ® 49.46 + 4.82~ 47.41 +0.42~ 38.37 £ 2.638
11 Procyanidin C1 trimer @ 172.45 + 23.27AB 128.65 + 10.61B 184.37 +19.37A
12 Catechin/epicatechin dimer 11 @ 276.12 + 8.44A 172.55 + 18.208 138.97 + 8.68°
13 (-)-Epicatechin @ 156.92 +7.88A8 17170 +28.84A  122.37 +9.86°
14 Catechin/epicatechin dimer 1112 352.22 + 43.26A 120.67 + 6.238 291.41 £58.11~
15  Caffeoylshikimic acid I ® 61.49 + 6,538 76.47 £ 5.847 36.76 + 0.69¢
16 Caffeoylshikimic acid 11 ° 168.10 + 23.93" 309.50 + 25.06" 58.09 + 2.77¢
17 Quercetin-3-O-rutinoside (rutin) | 175.22 + 27.57A 50.41 + 2,558 53.83 £ 6.778
18  Kaempferol-3-O-rutinoside 25.07 + 2.454 13.62 +0.138 15.15+0.21B
19  Quercetin-3-O-glucoside " 25.02 + 4,724 4,79 +£0.90¢ 13.61 + 2.568
20 Isorhamnetin-O-rutinoside " 85.55 + 13.864 13.25 +1.07°¢ 59.52 + 11.18B
21 Quercetin-3-O-malonylglucoside " 53.99 + 8.904 7.35+1.03¢ 30.74 + 6.098
22 Kaempferol-3-O-glucoside f 23.89 + 2.24A 17.03 £ 0.278 14.42 +0.248
23 Kaempferol-3-O-glucoside 14.02 + 0.894 12.20 £ 0.358 14.30 = 0.244
24 Kaempferol-3-O-glucoside f 29.37 + 3.004 16.27 £ 0.228 13.83 £ 0.198
25  Tetrahydroxy-trans-stilbene ' 51.73+1.978 51.94 + 1,758 59.77 + 1.53A
26 Trans-Resveratrol | 52.80 + 2.054 53.13 £ 1.307 53.95 + 2.05%
27 Quercetin hexoside " <LOQ <LOQ <LOQ
28 Pinocembrin ¢ 3297+ 147 ND ND
Total phenolic compounds 1226497 £55289*  “1TOLE 387015+ 221.30°
Total hydroxybenzoic acids 5853.39 + 157.30"  1071.19 + 55.998 598.08 + 69.72¢
Total flavan-3-ol 5405.57 + 451.23~  2868.19 + 72.44%  2707.23 + 220.31B
Total flavonol 432.14 + 63.417 134.93 +5.458 215.41 + 26.14"
Total hydroxycinnamic acids 436.36 + 39.058 547.63 + 25.614 235.72 +7.38¢
Total stilbenes 104.53 + 4.008 105.07 + 3.047B 113.71 + 3.40%
Total flavanones 3297+ 147 ND ND

a Quantified as Catechin; ® Quantified as Chlorogenic Acid; ¢ Quantified as Epigallocatechin gallate; ¢ Quantified
as Gallic Acid; ¢ Quantified as Hydroxybenzoic Acid; ¥ Quantified as Kaempferol; 9 Quantified as Luteolin; "
Quantified as Quercetin 3-glucoside; ' Quantified as Resveratrol; 1 Quantified as Rutin. Data represent the mean of
3 replicates + standard deviation. Different uppercase superscript letters in the same line indicate statistically
significant difference by Tukey test (p<0.05). LOQ: Limit of Quantification. ND: not detected.
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Table S3. Phenolic compound composition of Opuntia elata Salm-Dyck hydroethanolic

extracts.
Concentration  Concentration  Concentration  Concentration
Peak Compound (ng.mL?) (Hg.mL?) (ug.mL?) (ug.mL?)
Arumbeva 1 Arumbeva 2 Arumbeva 3 Arumbeva 4
Not identified © 273.92 £ 14378 25397 +41.18° 294.33 + 15928 49529 * 62.36"
> Ppiscidic acid derivative ¢ 2210.71 + 2067.22 + 1962.20 + 211428 +
92.21~ 317.91A 120.69~ 310.147
3 piscidic acid ¢ 4301451 + 35161.78 + 29361.64 + 24410.92 +
3032.207 5467.3678 1803.168¢ 314.31C
4 Dicaffeic acid @ <LOQ <LOQ <LOQ <LOQ
5 Taxifolin hexoside ® 68.84 + 1.954 54.78 + 0.628 58.43+2.738 60.08 + 2.678
g  P-Coumaricacid 4-O- 28.18+1.07°  2536+0.093"  2053+1.14®  10.83%1.28°
glucoside
7  Caffeicacid 4-O- 28211+ 1247 200.12+0.078 17654+ 13.94® 19443 + 22.85°
glucuronide
8 IT{ I-glycosylated quercetin g 094 565A 422446038 386143348 3661+ 6.16°
9 ﬁrf"g'ycosy'ated quercetin 5 744 9. g3A 5.77 £ 0.19A 4.16 £ 0.628 2.92 + 0.098
10  Isorhamnetin-O-hexoside- 554 ) 4 33 44n 36574 +3.07A 25339+ 17.53° 165,14 + 28.56C
O-(dihexosylhexoside)
1 lsorhamnetin-O-(di- 985430118 2506040488 19596+ 1273% 162,52 + 27.058
deoxyhexosyl-hexoside)
1p  lsorhamnetin-O-(di- =~ = gpo0, 716a 55764090748 46.01+3638C 3560 +0.07C
deoxyhexosyl-hexoside)
13 833;395'“'3'0*“““05"19 12542+9.99"  11955+358° 89514567  93.06+ 10.87°
14 Not identified © 93.13+7.49~°  73.81+0718  72.93+3.40°  81.48+5.85A8
Isorhamnetin 3-O-
galactoside 7-O-
rhamnoside or A 34482 + B B
15 | orhammetin 3.0. 405.90 + 35.01 57 0175 293.04 +19.74®  244.45 + 37.35
glucoside 7-O-rhamnoside
f
Trihydroxy octadecenoic
16 acid (pinellic acid) or 73.87+6.74°  64.07+7.11°8  51.08+6.268C  47.68 + 1.15C
Cirsiliol 2
17 Taxifolin ® 11917 +11.07A  87.90 5728  82.35+11.34%  70.27 + 2.398
Total phenolic 47467.64 £ 39182.49 + 33000.71 £ 2822555 +
compounds 3270.09% 5861.61A8 2021.708¢ 508.72°¢
Total hydroxybenzoic 45592.27 + 37556.77 + 31691.10 + 27101.97 +
acids 3140217 5784.1878 1943.188¢ 384.09¢
Total flavanonols 188.01 +11.92%  142.68 +6.34%  140.78 +13.24®  130.34 + 4.68®
Total flavonol 1303.20 £ 1193.49 B 740.29 +
127.094 69.274 920.68 + 63.27 109.738
Total hydroxycinnamic 50/ 154 14674 289.55+7.838  248.14 +17.08° 252.95 + 25.268

acids

a Quantified as Caffeic Acid; ® Quantified as Coumaric acid; ¢ Quantified as Gallic Acid; ¢ Quantified as
Hydroxybenzoic Acid; ¢ Quantified as Quercetin; f Quantified as Quercetin 3-glucoside; ¢ Quantified as Rutin.
Data represent the mean of 3 replicates + standard deviation. Different uppercase superscript letters in the same
line indicate statistically significant difference by Tukey test (p<0.05). LOQ: Limit of Quantification.
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Figure S1. Chromatogram obtained by HPLC-DAD at 280, 320 and 360 nm for Butia catarinensis Noblick & Lorenzi fruit.
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Figure S2. Chromatogram obtained by HPLC-DAD at 280, 320 and 360 nm for Butia eriospatha (Mart. ex Drude) fruit.
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Figure S3. Chromatogram obtained by HPLC-DAD at 280, 320 and 360 nm for Opuntia elata Salm-Dyck fruit.
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Figure S4. Percentage of ABTS™" radical generated in hydroethanolic extracts from different samples of Butia da Praia, Butia da Serra and
Arumbeva.
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Figure S5. Percentage of hydroxyl radical generated in hydroethanolic extracts from different samples of Butia da Praia, Butia da Serra and

Arumbeva.
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ABSTRACT

Butia da Praia (Butia catarinensis Noblick & Lorenzi) is a native Brazilian fruit appreciated by
consumers that is rich in nutrients and bioactive compounds. Despite the interesting sensory
and compositional properties that could provide an expansion of commercial production, fruit
consumption is still incipient. One of the factors responsible for this is the short shelf life of the
fruit. Minimal processing practices, cold storage and the use of packaging play an essential role
in protecting food throughout the production chain. The aim of this research was to develop a
method to extend the shelf life of the fruit. The physicochemical composition, bioactive

compounds content, and antioxidant capacity of minimally processed Butia da Praia were

analyzed. The fruit was stored at 5 °C in three different treatments: Open (arranged in expanded
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polystyrene trays); Packed (wrapped by multi-layer nylon-poly plastic packaging); and
Modified atmosphere (packed with 2 % oxygen, 5 % carbon dioxide, and 93 % nitrogen). The
samples were analyzed on days 0, 5, 10, 15, 20, 25, and 35. The fruit was evaluated for mass loss,
pH, titratable acidity, soluble solids, firmness, moisture, color, and bioactive compouns such as
carotenoids, ascorbic acid, and antioxidant capacity. At 15 d, open treatment no longer had
conditions of consumption. The use of packaging was able to increase softness; maintain
carotenoid levels (nine carotenoids were identified, with B-carotene and lutein being the major
ones); maintain the antioxidant capacity of the fruit, and suffer less significant ascorbic acid
losses. The use of packages combined with cooling (5 °C) was sufficient to prolong the shelf

life of minimally processed Butia fruit for up to 25 d.

KEYWORDS: Carotenoids; minimally processed; modified atmosphere; preservation;

vitamins.

1. INTRODUCTION

Brazil has a wide diversity of native fruit species that have recently gained popularity,
especially for their sensory and nutritional properties (Hoffmann et al., 2014). In this context,
Butia da Praia (Butia catarinensis Noblick & Lorenzi) is a native Brazilian palm that is part of
the Arecaceae family (Coradin et al., 2011). Its succulent yellowish fruit is fragrant and widely
used for human consumption, with a pleasant taste (slightly acidic) and a conical-to-globular
depression shape, with an average diameter of 1.7 to 4.2 cm with a globular seed (Coradin et
al., 2011; Hoffmann et al., 2014).

Moreover, Butid is rich in nutrients and bioactive compounds (Hoffmann et al., 2014),
with an abundance of health-beneficial compounds such as fiber, carotenoids, and vitamins,

some of which have the high antioxidant capacity (Jachna et al., 2016).
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Fruit can be marketed fresh or processed as pulp, juices, jellies, alcoholic beverages,
preserves, or ice cream (Coradin et al., 2011; Do Amarante and Megguer, 2008; Lorenzi et al.,
2015; Sganzerla, 2010). Although commercial production can be expanded, with great potential
for income generation (Do Amarante and Megguer, 2008; Hoffmann et al., 2014), these fruits
generally have manual harvesting and short post-harvest life (da Silva and Scariot, 2013). Under
traditional harvesting, storage, and processing conditions, a rapid loss of fruit quality is
observed (Zaccari et al., 2012).

On the other hand, in recent years, reducing food waste has been a focus of governments
and international organizations to combat hunger and improve food and nutritional security of
the population by promoting environmental sustainability (Food and Agriculture Organization
of the United Nations, 2011; Porat et al., 2018; Shafiee-Jood and Cai, 2016). It is estimated that
1/3 of the food produced in the world is wasted along the production chain, and the number is
even higher when stratified for the fruit and vegetable group (Food and Agriculture
Organization of the United Nations, 2011). Other benefits of waste reduction include
environmental, economic, and social impacts (Porat et al., 2018; Usall et al., 2016).

Post-harvest losses are changes that occur in the product that impair the quality and
prevent its consumption. After harvest, fruits are generally very perishable because they are
susceptible to water loss, increased respiration rate and ethylene production, and mechanical
damage, with reduced shelf life and consequent increase in final product cost (Chitarra and
Chitarra, 2005). These fresh products often require proper cooling and handling (Eriksson et
al., 2016). Thus, techniques that reduce post-harvest losses and add value to products can
stimulate their consumption and marketing.

The fruit deterioration is influenced by temperature, respiration rate, and stress of

harvest and handling (Usall et al., 2016). Minimal processing practices (applicable to most fruit)
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such as washing and storage can preserve quality and offer fresh and more convenient products
for consumers (Verghese et al., 2015).

Cold storage is the main physical method used to delay or reduce fruit and vegetable
spoilage (Usall et al., 2016). Complementarily, the use of packaging plays an essential role in
protecting food throughout the production chain, preventing loss and waste by reducing water
loss and shrinkage and creating an environment that delays senescence processes (Verghese et
al., 2015). The use of modified atmosphere packaging might be useful for maintaining fruit
quality, as it increases carbon dioxide (CO2) and oxygen reduction (O) affects fruit physiology
(Porat et al., 2018; Usall et al., 2016), and positive effects have been studied for various types
of fruit (Porat et al., 2018).

Although Buti& da Praia is widely used, the number of scientific studies describing
agronomic aspects of genus (yield, productivity, qualitative characteristics of fruit, and
production cycle) is still limited, and little is known about the conservation of fresh fruit for
consumption (Hoffmann et al., 2014). In addition, the importance of studies evaluating the
effect of different types of packaging and involving maturation and senescence processes that
occur in domestic refrigerators has been highlighted (Porat et al., 2018).

Considering the above factors, the aim of this research was to develop a method to
extend the shelf life of minimally processed Butia da Praia (Butia catarinensis Noblick &

Lorenzi).

2. MATERIALS AND METHODS
2.1 Material and minimal processing of the samples

The Butia catarinensis Noblick & Lorenzi fruit (around 6.5 kg) were obtained from
Torres, Rio Grande do Sul, Brazil (GPS coordinates: 29°18'53"S and 49°45'33"W) in February

2019, at the ripe stage after being correctly identified and the botanical species confirmed by a
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biologist. The exsiccates were collected and deposited in the Institute of Biosciences Herbarium of
the Federal University of Rio Grande do Sul (UFRGS)—Institute of Natural Sciences number
185667. The sample was collected, transported in thermal boxes (for 2 h), and processed on the
same day in the Bioactive Compounds Laboratory at UFRGS.

The fruit was pre-selected considering the absence of visible injuries and infections, color,
and size uniformity and underwent a washing process. The sample was immersed in a 200 mg.L*
sodium hypochlorite solution for 15 min for surface disinfection with subsequent rinsing. After
excess water was removed, the fruit was stored in three different ways: “Open”—arranged in
Styrofoam trays (expanded polystyrene); “Packed”—wrapped by multi-layer nylon-poly plastic
packaging; and “Modified atmosphere”— wrapped by multi-layer nylon-poly plastic packaging
under modified atmosphere using a packaging machine, Fastvac (F200 flash, Fastvac®, Santo
Andreé, SP, Brazil) with 2 % oxygen, 5 % carbon dioxide, and 93 % nitrogen.

The packages contained an average of 88 g of fruit (23 units) and were maintained for 35
d in a Biochemical Oxygen Demand (BOD) camera (NL-41-01 A, NewLab, Piracicaba, SP, Brasil)
under a 12 hour photoperiod (light/dark cycle) to mimic the type of storage used in the local market.
Each treatment was carried out in triplicate, with the samples randomly distributed in the climatic
chamber. The relative humidity and temperature of the chamber were monitored (55 + 3 % and 4.9
+0.3° C, respectively).

The samples were analyzed in nature (fresh) on day 0 and stored in different treatments
on days 5, 10, 15, 20, 25, and 35. On the established day, samples were processed to obtain the
edible part (manual pulping) and homogenized (DES-20, Braesi, Caxias do Sul, RS, Brazil). The
physicochemical parameters of the homogenized pulp were performed and the remained pulp was
frozen, lyophilized (L101, Liotop®, Sdo Carlos, SP, Brazil), ground, and stored under vacuum in

plastic packaging at -18 °C until other analysis (bioactive compounds and antioxidant capacity).
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2.2 Chemical reagents

All reagents used in the experiments were of analytical grade purity or suitable for high-
performance liquid chromatography (HPLC). Acetone, ethanol, methanol, sulfuric acid (>96
%), petroleum, and ethyl ether were purchased from Dinamica Quimica Contemporanea
LTDA® (Diadema, Sdo Paulo, Brazil). Anhydrous sodium sulfate, sodium and potassium
hydroxide, and potassium persulfate were obtained from Neon Comercial® (Suzano, S&o Paulo,
Brazil).

ABTS radical [2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid] (>98 %), Trolox
((£)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) (>97 %), and (all-E)-B-
carotene standards were purchased from Sigma-Aldrich Chemical Co® (St. Louis, MO, USA).
(all-E)-a-carotene and zeaxanthin were donated by Fluka Analytical®, (all-E)-Lutein were
obtained from Indofine Chemical Company (Hillsborough Township, New Jersey, USA), and
ascorbic acid standard was acquired from Neon Comercial® (Suzano, S&o Paulo, Brazil).

HPLC grade reagents (methyl tert-butyl ether—MTBE—and methanol were acquired
from Panreac AppliChem® (Barcelona, Spain).

Water was purified by Milli-Q® Integral 10 system by Merck Millipore (Millipore,
Milford, MA, USA). The samples and solvents were filtered through Millipore 0.45 pm

polytetrafluoroethylene (PTFE) membranes (Millex LCR 0.45 um, 13 mm).

2.3 Physicochemical analyses

All analyses were performed in triplicate. The fruit was triturated using an Ultra-
Turrax® (T 25 digital, IKA, Staufen, Germany) at the ratio of 1:5 (fruit:water). Fresh pulps of the
samples were evaluated for their pH using the potentiometric electrometric method with a pH-
meter (model Q400AS, Quimis®, Diadema, SP, Brazil), total titratable acidity (TTA) was

measured by titration with sodium hydroxide 0.1 N, and total soluble solids (TSS) by direct
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reading in a portable pocket digital refractometer (PAL-3, ATAGO® U.S.A,, Inc., Bellevue,
WA, USA). The TSS/TTA ratio was calculated for each replicate.
The measurement of texture was performed with a digital penetrometer, PCE-FM 200,

and the results are expressed in Newtons (N).

2.4 Moisture
Moisture content was determined by the gravimetric method in a chamber at 105 °C
according to the methodology described by the Association of Official Analytical Chemists

(AOAC) (AOAC, 2012).

2.5 Mass loss

There were ten uniform units evaluated individually and at the same maturation stage.
Weight was evaluated on an analytical balance (AY220, Shimadzu®, Kyoto, Japan) to
determine the progress of mass loss. The results were expressed as a percentage and were

obtained by the difference between the initial mass and the final mass of each sample.

2.6 Color parameters

Peel and pulp color measurements were performed with ten fruit units using a portable
colorimeter (Model CR-400, Konica Minolta Sensing Americas, Inc., Singapore) using the
Commission Internationale de I'Eclairage (CIELAB) system by determining the values of L*
(lightness; 0 = dark and 100 = white), a* (component red-green; <a* = green and >a* = red),
and b* (yellow-blue component; <b* = blue and >b* = yellow). A white ceramic tile was used

for calibration.

2.7 Carotenoids
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Carotenoids were exhaustively extracted from the lyophilized sample (1 g) according to
the methodology proposed by Rodriguez-Amaya (2001), initially using acetone and Ultra-
Turrax® (T 25 digital, IKA, Staufen, Germany). Carotenoids were partitioned with petroleum
ether/ethyl ether [1:1 (v/v)], saponified with methanolic KOH solution (10 %) for 16 h at room
temperature (22 + 2 °C). After this, the alkali was removed by washing the extract with distilled
water, and the solvent was removed by rotary evaporation (Quimis®, Q334.2, S&o Paulo, Brazil)
(T <25 °C) and dried under nitrogen flow and stored in amber tubes at -18 °C. To avoid
carotenoid degradation, the manipulation of extracts was carried out in the dark at controlled
room temperature (22 + 2 °C).

For chromatographic analysis, the extract was suspended in MTBE and placed in an
ultrasound (Unique, model USC 1400A) for three minutes. The compounds were separated on
a Cao reverse-phase polymeric column YMC (model CT99S0O3-2546WT, 250 x 4.6 mm, 3 um),
according to Rodriguez-Amaya (2001). The mobile phase was water, methanol, and MTBE,
starting at 5:90:5 (v/v/v), reaching 0:95:5 in 12 minutes, 0:89:11 at 25 min, 0:75:25 at 40 min,
and 0:50:50 after 60 min, with a flow rate of 1 mL.min"* and injection volume of 5 L at 22 °C.

The spectrum was processed at 450 nm, and identification was performed by comparing
the retention times of the sample with their respective standards. For quantification, a seven-
point linear standard curve (R?=0.99) was constructed whose detection (LOD) and
quantification (LOQ) limits were (ug.mL™) 0.41 and 1.24 for a-carotene; 5.41 and 16.40 for p-
carotene; 1.85 and 5.62 for cryptoxanthin; 1.76 and 5.33 for lutein; 6.13 and 18.56 for
lycopene,and 0.99 and 3.01 for zeaxanthin. The limits were calculated as described by Ribani
et al. (2004).

Chromatographic analyses were performed on Agilent® chromatography equipment
(1100 Series, Santa Clara, CA, USA), equipped with a quaternary solvent pumping system

(G1311A - DE14917573) and UV-Vis detector (G1314B - DE71358944).
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2.8 HPLC-DAD-MS/MS analysis

Confirmation of identified carotenoids was performed on HPLC-DAD-MS/MS analysis
in the same conditions described by Rodrigues et al. (2013), with some modifications. The
compounds were separated on a Czo reverse phase polymeric column YMC (5 pm, 250 mm x
4.6 mm, Waters, Wilmington, DE, USA), with a flow rate of 0.9 mL.min", injection volume of
20 uL, and oven temperature at 29 °C. A linear gradient starting at 95:5 (v/v) methanol-MTBE
mixture as a mobile phase was used, reaching 70:30 over 30 min, followed by 50:50 over 20
min, and maintaining this proportion for 10 min. At 62 min, the initial condition was
reestablished and remained for another five minutes. The spectra were measured between 200
and 600 nm, and the chromatograms were processed at 286, 348, and 450 nm.

The column eluate was directly injected into an atmospheric pressure chemical
ionization (APCI) source, and the mass spectrometer parameters followed the same conditions
as previously described by de Rosso and Mercadante (2007).

For this analysis, a HPLC chromatograph (Shimadzu, Kyoto, Japan) equipped with two
pumps (Shimadzu LC-20AD), an on-line degasser (Shimadzu DGU-20A3R), column oven
(Shimadzu CTO-20A), and diode array detector (Shimadzu SPD-M20A) and connected in
series to a mass spectrometer with an atmospheric pressure chemical ionization (APCI) source
with quadrupole flight time analyzer (Q-Tof) (model micrOTOF-QIII, Esquire 4000, Bruker

Daltonics, Bremen, Germany) was used.

2.9 Ascorbic acid (AA)
The methodology proposed by Rosa et al. (2007), with some modifications, was used
for the determination of AA. The lyophilized sample (2 g) was homogenized for 1 min in Ultra-

Turrax® (T 25 digital, IKA, Staufen, Germany) with 20 mL 0.05 M sulfuric acid, centrifuged
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at 25,400 g for 15 min (Himac CR21 GllI, Hitachi Koki Co., Tokyo, Japan), and filtered with
0.45 pum Millipore PTFE membranes prior to HPLC analysis.

For chromatographic analysis, a C18 polymeric column (250 mm x 4.6 mm, 5 um) was
used, and the mobile phase was sulfuric acid (0.05 M), with a flow rate of 1.0 mL.min, and
injection volume of 10 pL. The spectrum was processed at 254 nm, and AA was quantified by
the injection of the ascorbic acid standard on the same day.

Samples were analyzed in Waters Alliance® chromatograph (2695, Milford, MA, USA)

equipped with a binary solvent pump system connected to a diode-array detector (DAD 2996).

2.10 Antioxidant capacity

The methodology proposed by Re et al. (1999) was used to determine the antioxidant
capacity of Butia fruit by the free radical ABTS capture. During the experiment, the degradation
of the compounds was minimized by maintaining the dark environment, and the temperature
between 20 and 22 °C. ABTS" radical was previously prepared by reaction of 5 mL ABTS (7
mM) with 88 pL potassium persulfate (140 mM). The mixture was stored at room temperature
in the dark for 16 h and diluted in ethanol until it achieved an absorbance of 0.700 + 0.020 at
734 nm. A standard curve was developed with different concentrations of Trolox (11-176 uM).

Each analysis was carried out in triplicate. The lyophilized sample (1 g) was
homogenized for 1 min in Ultra-Turrax® (T 25 digital, IKA, Staufen, Germany) with 20 mL of
methanol:distilled water (50 %:50 %) resting for 60 minutes in the dark. The extract was
centrifuged at 25,400 g for 15 minutes (Himac CR21GlIl, Hitachi Koki Co., Tokyo, Japan),
and the supernatant was stored in an amber volumetric flask. The procedure was repeated with
acetone:water (70 %:30 %), and the volume was completed with distilled water. In three
different dilutions, 100 pL of each extract was transferred to test tubes with 1 mL of the diluted
ABTS" radical, homogenized, and, after six minutes, read on a spectrophotometer (Shimadzu
UV-1800) at 734 nm.
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2.11 Statistical analysis

All samples were analyzed in triplicate. The results were expressed as the mean *
standard deviation. One-way analysis of variance (ANOVA) and Tukey’s test were used to
evaluate the differences between days and treatments, assuming they were significant when

statistical comparison gave p<0.05 using the Statistica 12.0 software (StatSoft Inc.).

3. RESULTS AND DISCUSSION

Although important for assessing sustainability and commercial viability, ecological
and economic aspects of native fruit harvesting and processing have received little attention (da
Silva and Scariot, 2013). Fruit shelf life and potential application are influenced by their
physicochemical characteristics (Hoffmann et al., 2014). Other studies had already analyzed
the physicochemical characteristics of the fruits of Butia spp. to evaluate their potential use,
improve shelf life, or identify species (Dal Magro et al., 2006; Nunes et al., 2010; Pedron et al.,
2004; Sganzerla, 2010).

Table 1 shows the physicochemical (quality parameters) results obtained, and Figure 1
shows the Butia fruit on each day of analysis. Visually, fruit in the "open" treatment would
probably no longer be accepted by the consumer on the 15" day and fruit in the "packed" and
the “modified atmosphere” treatments on the 35" day, despite the latter still having better

appearance.
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Table 1. Quality parameters of Butia da Praia (Butia catarinensis Noblick & Lorenzi) minimally processed and stored at 5 °C in different treatments.

Treat 0d
ment (in natura) 5d 10 ds 15d 20d 25d 35d
Fruit weight O 543+0.6834 3.97 £0.50 °B 3.41+0.67 "B 2.30+0.35°¢ 2.26 +£0.23 °¢ 1.70 £ 0.25 €D 1.35+£0.23¢P
g P  5.43+0.68%" 4.69 £ 0.63 *AB 4.38 +£0.87 *BC 4.35+0.75°%B 4.02 £ 0.53 *BC 4.13 £0.59 2BC 3.42+£0.40°¢
MA  543+0.6834 4,58 +0.77 2bB 4.24 +0.57 2B 4.17 +0.66 *B 4.16 +0.57 *B 3.83+0.48 *B 3.84 £0.37 2B
Total Soluble O 22.08+1.523C 16.82 + 0.44 <P 27.25+0.42 378 27.94 +0.82 2AB 26.08 + 0.58 2B 28.17 £ 0.67 2*B 29.22 +0.82 A
Solids (TSS) P 2208+1.52°2%" 23.33 £0.50 24 11.39 + 0.54 ¢BC 13.58 + 0.79 PB 11.33 +0.24 ¢BC 9.39 +0.84 P¢ 11.13+0.13°¢
% MA  22.08 +1.5223A 20.75 + 1.42 PA 13.17 £ 0.87 PC 13.00 + 1.00 »€ 16.38 + 1.13 B 10.67 £0.17 °€ 12.25+0.75 ¢
Total @] 3.22£0.0528 3.47+0.17 %8B 4.09 £0.12 34 4.36 +£0.38 ** 2.34+£0.022¢ 2.74 £0.07 2 1.87+£0.172P
Titratable P 3.22+0.053* 2.71+0.14°8 257 +0.11 PBC 2.41+0.14°¢ 2.05 +0.07 PP 1.17 + 0.03 PE 1.25+0.07 >E
Acidity (TTA) MA  3.22+0.05%A 2.88+0.14 "B 2.80+£0.23 B 2.60 + 0.06 B 1.99 +0.06 > 1.24 +£0.02 °P 1.32 +0.07 P
% of citric acid
TSSITTA O 6.86+0.483¢ 4.84+0.13¢°P 6.67 +0.11 #¢P 6.45 +0.70 2CP 11.15+0.3528 10.28 +£ 0.49 2B 15.75 £ 1.50 24
P 6.86+0.4828 8.76 + 0.56 24 4.44 +£0.41°° 5.63 +0.08 b€ 5.56 +0.27 ¢C 8.05+0.78 PAB 8.92 +0.38 A
MA  6.86 +£0.48 € 7.22 +0.68 PBC 4.75+0.72°P 5.01 +0.29 PP 8.25 + 0.80 PABC 8.58 +0.17 PAB 9.30 + 0.96 A
pH @) 2.80 £ 0.04 &F 3.03+0.01 PE 3.16 £0.02 2P 3.24£0.012¢ 3.19 £0.01 #¢P 3.83£0.00 *4 3.59 £ 0.04 2B
P 2.80 £ 0.04 aF 3.06 +0.01 %F 3.16 £ 0.02 2¢P 3.19+0.01 b€ 3.12+0.01°P 3.72+0.01¢4 3.30 £0.01 P8
MA  2.80+0.042F 3.01+0.01¢P 3.16 £ 0.00 ¢ 3.16 £ 0.01 ¢ 3.17 £0.01 3¢ 3.75+0.01 PA 3.25+0.01 P8
Color (peel)
L* O 70.18+5.333 69.64 + 2.87 A 69.25 + 3.21 2AB 69.57 + 2.88 A 66.64 + 4.40 PAB 63.06 + 5.37 P8 64.38 + 1.77 2B
P 70.18+5.332%A 68.71 £ 3.62 24 69.32 +3.40 24 69.09 + 3.44 24 68.58 + 4.28 abA 68.25+3.25%*  65.37 £3.87 24
MA  70.18 £5.33 A 69.94 + 3.36 A 68.66 + 2.12 *A 71.51+2.273A 71.45+ 4,10~ 67.06 + 4.06 *>A  65.95 + 3.28 *A
a* O 11.10+1.963CP 1472 +2.60 *ABC 15.50 + 2.61 @A 15.25 + 1.28 @AB 17.90 + 2.97 @A 12.10 + 1.93 2BCD 9.93+2.03°P
P 11.10+1.963%P 12,74 + 2,09 *ABC 16.35+2.70 24 15.45 + 2.59 #ABC 8.34+1.51°P 12.21 +2.2628CD 1515+ 2.36 A8
MA 11.10+1.963BCD 1457 +£ 2,19 3AB 16.73 + 2.48 24 10.22 + 1.47 bCD 7.23+1.51°P 14.75 + 2.34 2AB 11.45+1.76 °€
b* O 51.29+2.0933A 53.19 + 5.68 #PA 53.11+3.813A 56.04 £ 2.70 @A 53.64 £ 3.12 A 52.33 £ 4.00 *~ 52.38 £ 5.82 @A
P 51.29+293%BC  5458+40963A8BC 5475+4393ABC 5415+ 4.453ABC 58.17 £ 4.72 *A 56.78 + 5.34 2AB 49.78 £ 5.25 ¢
MA 51.29+2.93°2BC 51.71+2.93PBC 5276 + 3,26 2ABC 58.00 + 5.13 *A 55.80 + 4,59 248 56.08 + 4,27 2AB 48.45 + 5,57 2BC
Color (pulp)
L* O 6235+5.60%* 64.18 + 4.01 A 64.68 + 3.18 #A 64.77 + 3.46 A 64.90 + 5.28 @A 62.17 + 5.20 @A 60.22 + 3.93 bA
P 6235+5.60%" 65.50 + 3.33 ¢4 64.80 + 4.06 >~ 64.47 + 4.48 2~ 67.20 £ 2.29 #A 65.06 + 3.59 A 66.87 + 3.84 24
MA  62.35+5.60*A 63.10 + 4.74 24 65.43 £ 4.75 A 66.89 + 4.02 24 65.12 + 4.03 *~ 64.09 + 1.63 24 65.34 + 3.32 24
a* O 11.24+1.823C 14.07 +£ 1.62 PABC 13.59 + 1.9128B¢ 15.65 + 2,99 @AB 17.67 + 3.39 @A 15.31+3.06 *AB 14,18 + 2,57 *ABC
P 11.24+1.82°2BC 15.07 + 3.09 2bA 13.70 + 2,19 2AB 12.72 + 2.45PAB 10.13 + 1.99 bBC 12.17 + 1.82 2AB 7.64 +1.53°¢
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Treat  0d 5d 10 ds 15d 20d 25 d 354
ment (in natura)
MA 11.24+1.8223B¢D  17.26+3.123A 12.91+1.92 B¢ 8.90 £ 1.53 P 11.72 £2.42PBCD 14 48 + 2,29 2AB 10.34 £ 1.93bCP
b* O 59.55+45]123A8 59.89 + 4,71 2AB 63.20 + 4.32 2AB 66.14 + 6.12 A 65.84 + 2.93 PA 61.49 + 5.82PAB 58.15+5.12 B
P 59.55+4513C 62.50 + 6.26 BC 65.33 +5.89 #ABC 64,13 + 6.79 #ABC 70.63 £ 2.75 A 67.72+4563*8  66.88 +7.72 #ABC
MA 5955+ 451 3¢ 61.81 + 4,54 2BC 66.12 + 5,29 2ABC 71.04 +5.66 24 67.98 + 6.30 #PAB 67.64 + 4,09 **8 6546 + 5,62 *ABC
Firmness O 18.04+1.77°3A 18.02 + 4.4234 18.56 + 3.69 @A 16.12 + 2.4924 17.73 + 1.4634 16.00 + 2.41 24 -
Newton P 18.04+1.77%A 15.84 + 3.072AB 13.17 +£ 3.70°B 13.04 + 2.06"E 13.28 £ 1.11°B 13.13+2.3528B 13.42 +2.182B
MA  18.04+1.7734 13.65+2.8128 12.30 + 2.46°B 13.21 + 1.43%B 14.09 + 2.78B 14.09 + 2.602B 14.09 + 2,1528

O: open; P: packed; MA: modified atmosphere. Different lowercase superscript letters in the same column indicate statistically significant difference between
treatments for the same compound by Tukey test (p<0.05). Different uppercase superscript letters in the same line indicate statistically significant difference for the

same treatment over the storage period by Tukey test (p<0.05).
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Figure 1. Buti& da Praia (Butia catarinensis Noblick & Lorenzi) minimally processed and stored
at 5 °C in different treatments.

Open Packed  Modified
atmosphere
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Fruit weight decreased over time for all treatments, with this loss being more
pronounced for the "open" treatment. The "modified atmosphere™ was able to maintain fruit
weight from day 5 to day 35 without statistical difference. In comparing the initial weight (day
0) to the final weight (day 35), the weight loss percentage of the “modified atmosphere”
treatment was 29 %, for “packed”, it was 37%, and for “open”, weight reached a reduction of
75%; this means that the samples had daily weight losses of 0.8, 1.1, and 2.1 %, respectively.
Zaccari et al. (2012), comparing different storage temperatures of Butia capitata in PVC trays,
found similar values for fruit stored at 5 °C (1 % per day).

Parameters such as total soluble solids (TSS), pH, and acidity are important as they
determine the potential of the fruit for fresh consumption or processing (Hoffmann et al., 2014).
In the analysis of TSS, there was also a change over the days. In the “open” treatment, although
the value decreased on day 5, it increased over time, possibly due to the visible loss of water
and the consequent concentration of soluble solids present in the fruit. For the "packed" and
"modified atmosphere" treatments, the tendency was for the values to decrease. On day 20, the
"modified atmosphere"” showed a slight increase in total soluble solids. Zaccari et al. (2012)
observed only the decrease of these values in the fruit of Butias capitata stored in PVC trays at
this same temperature (14.8 to 10.1 %), which was explained by increased respiration,
membrane permeability, and cell wall degradation.

In the “open” treatment, total titratable acidity (TTA) reached the highest values on the
10th and 15th follow-up. For the other treatments, the highest acidity was the initial (day 0),
with values decreasing over time. Zacarri et al. (2012) observed similar behavior of Butia
capitata fruit in trays at 5 °C, with an increase in value at 7 d (2.02 + 0.02 % citric acid) and
decreased at 21 and 28 d. For Butia eriospatha stored at 0 °C, the TTA ranged from
approximately 2.7 to 2.0 over 25 d, peaking on day 3 and with an average reduction of 30 %

(Do Amarante and Megguer, 2008). On the other hand, the TSS had variation (up and down)
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over the period (approximately 9.5 to 10.0), peaking on the 15th day (Do Amarante and
Megguer, 2008).

The TSS and TTA ratio for the "open" treatment decreases on day 5 of storage but
increased until day 35. In the "packed" treatment, the lowest values were found on days 10, 15,
and 20 and for "modified atmosphere”, on days 10 and 15. All treatments had the highest values
at the end of the period. This reason is more representative than the isolated measures that
compose it since it provides a better evaluation of fruit flavor (Hoffmann et al., 2014).

The pH increased in all treatment conditions over the analyzed period, reaching the
highest values on day 25. Another study also obtained higher values at 21 d of storage (4.97 +
0.15), with a subsequent decrease (Zaccari et al., 2012) and acid characteristics.

In the color parameters analysis, the peel of “open” sample lost its brightness over time.
Brown spots that appeared over the period were reported in another study and may originate
from deterioration processes such as enzymatic oxidation or early fungal development (Brecht
and Bartz, 2003). The “packed” and “modified atmosphere” treatments were better able to
maintain the L* parameter (Table 1 and Figure 1). This same parameter did not change over
time in the pulp of the three treatments, although the “open” treatment also had a lower value
compared to the others on the 35th day. No relevant changes in pulp brightness (luminosity)
were observed in the study by Zaccari et al. (2012).

Regarding the b* coordinate, which is more relevant because they are yellowish fruit,
the peel in the "open" treatment did not change over time. The “packed” and “modified
atmosphere” treatments, however, had values variation over time, reaching higher values
between the 5th and the 25th day. The pulp from the “packed” and “modified atmosphere”
treatments reached the highest values between the 10th and the 35th day.

In Do Amarante & Megguer's (2008) study, the harvested ripe Butia eriospatha

(Martius) Beccari fruit presented a peel color with values of h°=85, which represents the color
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variation from green (180°) to yellow (90°), as a result of chlorophyll degradation. Ripe fruit
stored at 0 °C showed a gradual and small decrease of the angle over 25 d, with values close to
80° from the 6th day (Do Amarante and Megguer, 2008).

In Zaccari et al.'s (2012) study, the pulp color tone tended to be less orange and yellow
after 28 d of storage at 5 °C and the fruit peel color was a more intense orange at 21 d, possibly
due to the increase in darker colors (browns) that resulted in blemishes. In turn, the pulp had a
lighter color index (more yellow, less orange) than the peel (Zaccari et al., 2012). Color changes
may be associated with pigments, such as carotenoids and/or enzymatic oxidation processes
(Zaccari et al., 2012).

The firmness of the Butid remained constant from the beginning to the 25th of the
"open" treatment, possibly due to the loss of water and consequent hardening of the fruit. On
the last day, this evaluation was not performed because the fruit was already dry, and the
penetrometer only reached practically the seed. Unlike with the “open” treatment, in the other
treatments, the values decreased from days 5 (modified atmosphere) and 10 (open), indicating
greater softness of the fruit. Do Amarante & Megguer (2008) observed a small increase of Butia
eriospatha firmness stored at 0 °C in PVC packaging on the 3rd day, with subsequent reduction
of values.

At 5°C, Zacarri et al. (2012) observed shrinkage and softening of fruit, which cannot be
attributed to dehydration, since the high relative humidity of the environment (90-95 %) was
maintained. The authors attributed this phenomenon because of the deterioration processes
caused by harvest damage and the high metabolic rate that accelerated tissue senescence,
causing it to collapse at the cell wall level (Zaccari et al., 2012).

Interest in the bioactive potential of underexplored native species has increased in recent
years, although the genus Butia spp. has not received much attention yet (Hoffmann et al.,

2014). Secondary metabolites such as carotenoids can have pro-vitamin A activity, can delay
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aging symptoms and prevent chronic diseases (Fiedor and Burda, 2014), and are widely
distributed in fruit, including Butia da Praia. The need for studies to evaluate the stability of
bioactive compounds (total phenolics, vitamin C, and carotenoids) of Butia spp. has already
been highlighted in a recent genus review (Hoffmann et al., 2014).

Butia fruit have been reported as a good source of carotenoids, with p-carotene being
the major compound, followed by non-carotenoids such as phytoene and phytofluene (Faria et
al., 2011).

The results of the carotenoids composition, AA, and antioxidant capacity of Butia da
Praia are presented in Table 2. From day 20, the samples of the "open™ treatment no longer

presented any condition of consumption, so these analyses were not performed.
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Table 2. Carotenoid composition, ascorbic acid, and Antioxidant capacity of Butia da Praia (Butia catarinensis Noblick & Lorenzi) minimally processed

and stored at 5 °C in different treatments.

od

Treatment . 5d 10d 15d 20d 25d 35d
(in natura)
Lutein o] 2.92+0.313A 3.16 £0.07 A 2.94 +0.22 bA 2.80 + 0.03 PA - - -
ug.gt P 2.92+0.313¢ 4.89+0.123A 3.61+0.092BC 452 +0.77 2AB 3.60 +0.48 2BC 2.77+0.16 ¢ 3.00 +0.56 2¢
MA 292 +0.312BC 4.16 +0.48 PA 3.79+0.032AB  3.21+0.602PABC 2.42 +0.01 3¢ 3.92 +0.52 2AB 3.51+0.142A8
B-carotene O 221.66+38.892A 212.09 +24.682~ 228.26+25.04>A 222.28 +9.62 A - - -
ng.gt P 221.66+38.892A 284.00+13.70%* 296.73 + 14.07** 28559+ 26.64 %A 299.16 + 37.25%A 265.21 +10.37 "~ 284.17 + 41.52 A
MA 221.66 + 38.89 2B 242.80 + 44.62 313.94 + 26,572~ 265.78 + 1.553AB  248.36 + 22.8 3B 300.71 + 3.35%AB  312.49 + 45.89 2~
a,AB
Total O 22458 +38.672" 215.24+24.713”~ 231.21+24.89°A 22509 +9.63"A - - -
Carotenoids P 22458 +38.67% 288.89+13.61%* 300.34+14.06%* 290.11+26.503%* 302.76 + 37.32*A 267.99 + 10.48 >~ 287.17 + 40.96 4
ug.gt MA 22458 + 38.67 2B 246.96 £ 45.10 317.72 +26.59  268.99 + 1.51 2AB 250.79 £ 22.79 304.63 +£3.233AB  316.00 + 45.99 24
a,AB a,AB a,AB
Ascorbic acid O 41154+27.11%* 318.34+23.26%8 24242 +27.67°C 19091+ 22.60°C - - -
mg.100g* P 41154+27.11% 303.80+11.072*8 29159+ 14.4828  230.15+9.06%¢  112.91+3.45%P  86.45+ 0.25*PE 66.74 + 2.30 *F
MA 41154 +27.11%A 339.42+20.80%® 312.00+13.042%B  258.66 + 9.433¢ 12520+ 11.13%° 96.25+ 2.63 *PE 62.54 + 4.23 3F
Antioxidant O 83.31+8.913 82.82 + 3.38 A 86.77 + 6.00 @A 77.30 +£9.333A - - -
capacity by P 83.31+8091%A 81.56 + 1.55 34 84.78 + 1.29 A 77.25 + 8.94 2A 77.81+3.723A 87.89 +1.20%A 84.18 +2.00 A
ABTS MA  83.31+8.913A 80.56 + 4.40 @A 77.81+7.023A 78.22 + 8.66 *A 75.13 + 8.38 A 83.11 +6.41 %A 84.43 +5.613A
method
Trolox
equivalent
uMol.g'

O: open; P: packed; MA: modified atmosphere.

ABTS: 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid.
Results expressed as dry basis. Data represent the mean of three replicates + standard deviation.
Different lowercase superscript letters in the same column indicate statistically significant difference between treatments for the same compound by Tukey test
(p<0.05). Different uppercase superscript letters in the same line indicate statistically significant difference for the same treatment over the storage period by
Tukey test (p<0.05).
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Nine carotenoids were identified by HPLC-MS (Figure 3 and Table 3). Regarding
carotenoid content, pB-carotene (98.7 % w/w) and lutein (1.30 % w/w) were the major
carotenoids in the sample being quantified. Lutein, p-carotene, and total carotenoids levels in
the "open" treatment were maintained through the days, which is in agreement with the results
of Zaccari et al. (2012) who also did not observe changes in the content of this compound in
the peel and pulp up to 28 d of storage. The B-carotene and total carotenoid contents of the
“packed” samples also remained, although the amount of lutein varied, being higher on days 5
and 15. This is also evidenced by the increase in the yellow color of the peel and pulp (b*). The
“modified atmosphere” treatment was able to progressively increase the amount of total
carotenoids throughout the period. The alteration in the carotenoid contents was evaluated in
relation to the balance of the processes that keep happening in the plant. In this case, the
biosynthetic enzymes under appropriate conditions could still be acting, which could increase

the contents during storage.

184



Figure 3. Chromatogram obtained by HPLC-DAD of carotenoids from Butid da Praia (Butia catarinensis Noblick & Lorenzi). Chromatographic
conditions: see text. Peak characterization is given in Table 3.
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Table 3. Chromatographic, UV-visible, and mass spectrometric characteristics and content of carotenoids Butid da Praia (Butia catarinensis
Noblick & Lorenzi) In Natura, obtained by HPLC-DAD/APCI-MS/MS.

Peak?® Carotenoid tr (Min)® Amax (NM)® % % As/An [M + H]* (m/z) Fragment ions (m/z)

1 all-trans-lutein 12.8 420, 442, 472 Ie:ﬂsl ND 569 551 [M+H-18]*, 533 [M+H-18-18]", 495 [M+H-
18-56]*, 477 [M+H-92]*

2 phytoene 19.7 274, 286, 297 NC ND 545 489 [M+H-56]", 463, 435, 421 [M+H-124]*

3 cis-phytofluene 22.1 332, 347, 366 66.7 ND 543 461, 406 [M+H-137]*, 338 [M+H-205] *, 325

4 13-cis-p-carotene 28.3 337,424, 444, 470 12.5 42.85 537 457 [M+H-80]", 444 [M-92]*, 413 [M+H-124]*

5 all-trans-a-carotene 30.6 421, 441, 472 50 ND 537 457 [M+H-80]", 444 [M-92]*, 413 [M+H-124]*

6 all-trans-B-carotene 35.0 421, 451, 476 25 ND 537 457 [M+H-80]", 444 [M-92]*, 413 [M+H-124]*

7 9-cis-B-carotene 36.9 338, 412, 438, 454 NC 23.07 537 455, 413 [M+H-124]*, 400, 387, 347

8 cis-d-carotene 45.4 350, 430, 455, 483 43.7 NC 537 455, 413 [M+H -124]*, 401

9 cis-y-carotene 52.5 350, 433, 463, 485 NC NC 537 455, 413 [M+H -124]*, 347

& Numbered according to the chromatogram shown in Figure 3.
b Retention time on C*° column.

¢ Linear gradient of methanol and MTBE.

ND: not detected; NC: not calculated.
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[-carotene, B-cryptoxanthin, lycopene, lutein, and zeaxanthin were found in Butia
capitata and Butia eriospatha (Sganzerla, 2010). Other authors found phytoene, phytofluene,
a-carotene, B-carotene (as major), &-carotene, poly-cis-y-carotene, y-carotene, a-Cryptoxanthin
or zeinoxanthin in B. capitata pulp (Faria et al., 2011). In addition, lutein, zeaxanthin, 5,6-
epoxy-p-carotene, cryptoxanthin, 13-cis-p-carotene, a-carotene, [P-carotene and 9-cis-f-
carotene were identified in B. capitata (Pereira et al., 2013) and B-cryptoxanine was the
predominant carotenoid followed by B-carotene in B. odorata (Beskow et al., 2015).

Butia odorata, B. eriospatha, and B. capitata have been reported as a source of pro-
vitamin A and vitamin C by other studies. The L-ascorbic acid content ranged from 38 to 73
mg.100g in B. capitata pulp (Faria et al., 2008), 3.1 to 23.86 mg.100g™ in B. capitata (Pereira
et al., 2013; Sganzerla, 2010), and 21.34 mg.100g™ in B. eriospatha (Sganzerla, 2010). For
comparison, the initial value (day 0) on a wet basis in this study was 74 mg.100g™.

As expected, the amount of AA in the samples decreased over the storage period for all
treatments. The loss of vitamin C during storage may be due to water solubility, thermal
degradation, enzymatic oxidation, changes in gene expression and enzyme activity in the
vitamin metabolism pathway, by the action of an external oxidizing factor (light) or by
respiration of the fruit (Galani et al., 2017). On day 20, the reduction in AA amount compared
to the initial value was approximately 70 % for the "packed" and "modified atmosphere"
treatments. In comparing the different storage conditions, despite the reduction, the “packed”
and “modified atmosphere” samples maintained higher amounts compared to the “open”
samples on the 10th and 15th. On the 10th day, it is emphasized that this reduction for these
two treatments compared to the initial amount was only 30 %.

Regarding the antioxidant capacity, measured by the ABTS method, the different

treatments did not present significant differences among themselves or between the storage
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period. Thus, both the “packed” treatment and the “modified atmosphere” were able to maintain
the high antioxidant capacity observed since the beginning of storage. Antioxidant capacity is
related to the presence of compounds that protect the biological system against oxidation by
their ability to scavenge or neutralize free radicals (Srinivasan Damodaran, Kirk L. Parkin,
2010).

Other studies have evaluated the quality of fruit of various types of Butia during storage
and/or under different temperatures, although none has evaluated the effect of different types
of packaging and this specific species. Variation of bioactive compounds such as carotenoids
and vitamin C, as well as antioxidant capacity, has not been previously reported.

Zaccari et al. (2012) evaluated the quality of Butia capitata Mart. Becc. of Uruguay
stored under refrigeration (5, 15, and 20 °C) for 28 d, with physicochemical characterization,
quantification, and identification of the main causes of deterioration, concluding that the storage
at 5 °C kept the fruit without defects and suitable for consumption for up to 7 d. Da Silva &
Scariot (2013) evaluated the same previous species with fruit from Brazil, investigating
biometric parameters, productivity, and phenology, noting that the fruit should be harvested
when nearly-ripe and remain attached to the infructescence during transport. Do Amarante &
Megguer (2008) evaluated the effects of ripening stage on harvest, storage temperature (0 and
20 °C), and cooling time in preserving post-harvest quality of Butia eriospatha Mart. Becc for
25 d, concluding that immediate cooling (0 °C) of the fruit is recommended, as well as
harvesting in the yellow-green ripening stage.

Do Amarante & Megguer (2008) observed that temperature reduction had a substantial
effect on Butia eriosphata respiratory rates (fruit stored at 20 °C 10.7 times higher than those
stored at 0 °C). In addition, the authors followed the respiratory rate of the fruit for 25 d and did

not observe the occurrence of respiratory climacteric (Do Amarante and Megguer, 2008).
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Conservation techniques used for harvesting and post-harvesting fruit are determining
factors of Butia quality, both for fresh consumption and for obtaining byproducts, since they
influence physiological processes that promote fruit senescence (Zaccari et al., 2012).

Regarding temperature, cold storage reduces physiological processes related to fruit
ripening. The temperature of 5 °C had already been tested in another study, obtaining better
results in quality parameters when compared to storage at 15 and 20 °C, which showed a high
rate of fruit decay (fungal rot, stains, and wrinkling) (Zaccari et al., 2012). Butia eriospatha
fruit stored at a temperature higher than the present study (20 °C) remained in
commercialization and consumption conditions only until the 3rd day, while those stored at 0
°C preserved the quality for 25 d (Do Amarante and Megguer, 2008). In addition, the fruit
showed no cold injury during the whole storage period (0 °C for 25 d) (Do Amarante and
Megguer, 2008).

While immediate cooling may be a strategy that requires investment, it should also be
considered. For Do Amarante & Megguer (2008), this promoted higher retention in peel color,
flesh firmness, and TTA. Although the importance is emphasized, keeping fruit at their ideal
storage temperature during post-harvest is still a challenge to producers (Porat et al., 2018).
Modified atmosphere is also a technique that reduces respiratory activity by reducing O levels
and increasing CO- levels, thereby reducing metabolism (Chitarra and Chitarra, 2005). This
technique turns out to be an efficient system for retarding physicochemical changes and loss of
aroma, color, texture, and other attributes of fruit ripening (Chitarra and Chitarra, 2005),
although it requires higher financial investment.

The fruit of Butia decay quite rapidly (da Silva and Scariot, 2013). In order to avoid

spoilage, maintain texture, and, consequently, prolong fruit life, previous studies have

189



recommended some precautions regarding harvest and post-harvest. Do Amarante & Megguer
(2008) recommended harvesting at the green-yellow or red-green stage and storage at 0 °C.
Another study found that, due to their high perishability, the harvest of Butia capitata
fruit in the almost mature stage (fruit with a yellowish-green skin and a light yellow pulp) and
their being permanently attached to the infructescences during transport is recommended (da
Silva and Scariot, 2013). However, the conditions under which these fruit are stored and the
time from harvest to sale to the final consumer should also be considered (da Silva and Scariot,

2013).

4. CONCLUSIONS

The use of packaging (with or without modified atmosphere) has extended the shelf life
of the product and is essential for maintaining post-harvest quality of the butid. Both were able
to improve firmness parameters by increasing softness; maintain carotenoid levels (9 identified,
with B-carotene and lutein being the major ones), and maintain the antioxidant capacity of the
fruit. In addition, they suffered less significant AA losses, with considerable value for at least
10 d (=300 mg.100g™). The "modified atmosphere" showed a subtle difference compared to
ordinary packaging.

To reduce fruit spoilage, packaging and storage at a domestic refrigerator temperature
are simple solutions for producers to maintain product characteristics after harvest. The use of
packages, combined with cooling, was sufficient to prolong the shelf life of minimally
processed Butia fruit. Conservation techniques used for harvesting and post-harvesting fruit are

determining factors of Butia quality, both for fresh consumption and for obtaining byproducts.
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CAPITULO 9

9 DISCUSSAO GERAL

O consumo regular de produtos vegetais, como as frutas, tem sido amplamente
recomendado e ja foi associado a efeitos benéficos a salde, como um menor risco para o
desenvolvimento de doengas cronicas. Apesar das recomendacdes, o Brasil possui um grande
namero de espécies de frutas nativas, mas apenas uma pequena fracdo desse potencial é
conhecida e utilizada. A maioria ainda e inexplorada e tem potencial para ser consumida in
natura ou de interesse para a agroinddstria. Assim, seus compostos, bioativos e propriedades

antioxidantes permanecem desconhecidos e inexplorados.

Este trabalho foi desenvolvido com o objetivo de determinar a composicéo fisico-
quimica, nutricional e de compostos bioativos de frutas de sete espécies nativas da Regido Sul
do Brasil contempladas na publica¢ao “Plantas para o Futuro” do Ministério do Meio Ambiente.
Parte da presente pesquisa esteve inserida no Projeto “Conservagdo e Uso Sustentavel da
Biodiversidade para Melhoria da Nutri¢do e do Bem Estar Humano” ou “BFN” coordenado
pelo Bioversity International e executado internacionalmente. As espécies Butia catarinensis
Noblick & Lorenzi, Butia eriospatha (Mart. ex Drude) Becc., Euterpe edulis Mart., Opuntia
elata Salm-Dyck, Passiflora actinia Hook., Physalis spp. e Vasconcellea quercifolia A.St.-Hil.
possuem grande potencial de producdo e consumo, embora ainda sejam pouco conhecidas e
consequentemente pouco utilizadas na dieta cotidiana da populagéo.

Ao considerar que diferentes posicdes geograficas interferem na composicdo quimica
das frutas e que esta sofre alteracdes devido ao tipo solo, clima, insolacdo, temperatura média
anual da regido, adubacdo, quantidade de agua, grau de domesticacdo da planta e indice
pluviométrico, foram coletadas pelo menos duas amostras de regides diferentes para cada
espécie, englobando coletas nos estados do Rio Grande do Sul, Santa Catarina e Parana. Além
disso, para facilitar a comparagdo dos resultados e garantir a veracidade das informagdes, as
analises laboratoriais foram padronizadas, seguiram as metodologias AOAC e a acuracia foi
verificada com o uso de material de referéncia certificado do NIST.

No Manuscrito 1 foram analisadas as caracteristicas fisico-quimicas, composicao
centesimal e o teor de minerais (Ca, Cu, Fe, K, Mg, Mn, Na, P, Se e Zn) presente nessas

especies. As frutas também foram analisadas quanto ao teor de carotenoides, antocianinas,
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vitamina A, do complexo B e C e capacidade antioxidante no Manuscrito 2. No Manuscrito
3, trés espécies (Butia da Praia, Butia da Serra e Arumbeva) foram selecionadas por destacarem-
se na analise preliminar da capacidade antioxidante e, além disso, apos reviséo da literatura,
possuiam menos informacg6es nas bases de dados cientificas, procedendo-se a identificacédo e

quantificacdo dos compostos fenolicos.

A relacdo entre solidos soluveis e acidez foi alta para o Jaracatia, para o Acai Jucara e
para o Butia da Praia, que é uma caracteristica importante relacionada a dogura e consequente
maior aceitabilidade pelos consumidores. De maneira geral, as frutas avaliadas apresentaram
alto teor de umidade (em média 80,2%), baixo teor lipidico (em média 3,8%), que s&o
caracteristicas dos alimentos de origem vegetal (em especial frutas e hotalicas), e boa

quantidade de fibras, principalmente do tipo insoltvel.

O Jaracatia teve destaque no teor de cinzas e proteinas, indicando essa fruta como uma
excelente fonte de minerais (calcio, zinco e potassio) e proteinas (3 vezes mais que as demais
frutas estudadas), assim como na quantidade de a e B-caroteno, B-criptoxantina e zeaxantina,
obtendo em consequéncia o maior contedo de carotenoides totais e um perfil completo dos
carotenoides analisados (5 carotenoides incluindo carotenos e xantofilas). A fruta também

apresentou alto teor de vitamina A, C, B2 e B6.

O valor nutricional das frutas esta diretamente relacionado ao seu perfil mineral e as
espécies avaliadas também apresentaram quantidades significativas desses elementos. A
avaliacdo do contetdo mineral mostrou que as frutas incluidas neste estudo poderiam contribuir
para a ingestdo adequada desses micronutrientes essenciais. Em especial, as Arumbevas
apresentaram alto teor de calcio, magnésio, manganés e zinco. Nessa fruta também foi
verificado alto teor de vitamina C e foi considerada excelente fonte de fibra alimentar.
Dezessete compostos fenolicos foram identificados na Arumbeva, sendo que dois acidos
hidroxibenzoéicos (acido piscidico e seu derivado) foram os principais compostos, seguidos

pelos derivados de isorhamnetina e &cido caféico 4-O-glucuronideo.

Para o teor de fibras alimentares, o Acai Jucara também pode ser considerado excelente
fonte. No teor de carotenoides, a luteina foi encontrada em quantidades elevadas nessa fruta,
gue também se destacou entre as demais analisadas com a maior capacidade de desativar o
ABTS e maior teor de B5. Em relacéo as antocianinas, duas foram identificadas no Acai Jugara:

a cianidina 3-glucosideo e a cianidina 3-rutinosideo.
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O principal carotenoide para todas as espécies foi o B-caroteno, que tem o maior
potencial de vitamina A e geralmente é o principal nesse grupo de alimentos, sendo que a luteina
esteve presente em todos as frutas estudadas. O Fisalis, assim como Jaracatia, apresentou um
perfil completo dos carotenoides analisados e também se destacou quanto ao alto valor de

carotenoides totais e contelido de vitaminas B3 e B6.

Os Butias da Praia e da Serra apresentaram altos valores para algumas vitaminas B (B1,
B2, B5, B6 e B7), para a vitamina C e capacidade antioxidante. Dezoito compostos fendlicos
foram identificados no Butia da Praia e vinte e oito no Butia da Serra. Os principais grupos de
compostos fendlicos encontrados nas frutas foram os &cidos hidroxibenzoicos, flavan-3-ols e
flavondis. Acidos hidroxibenzdicos e clorogénicos, catequina ou epicatequina e seus derivados
e rutina foram os compostos predominantes no Butia da Praia. O Butia da Serra apresentou 14
compostos semelhantes ao Butia da Praia, sendo os flavan-3-ols e os &cidos hidroxibenzoicos

0s principais grupos identificados, com predominancia de galato de epicatequina.

Vitaminas, compostos fenolicos e carotenoides, abundantemente presentes nas frutas,
sd0 os principais antioxidantes naturais responsaveis pelos efeitos defensivos do corpo humano.
Neste quesito, 0 Acai Jucara e 0s Butias se destacaram entre as frutas analisadas. A relacédo
entre capacidade antioxidante e alguns dos compostos bioativos analisados (carotenoides,
vitamina C e/ou antocianinas) também foi evidente para essas trés espécies, embora o alto teor
de carotenoides totais (em Fisalis e Jaracatia) e vitamina C (em Arumbeva e Jaracatid) nao

refletiu valores altos no ABTS.

O consumo de 100 g de frutas frescas compde 45% das necessidades diarias de vitamina
A (Jaracatia), 50% de vitamina C (Arumbeva, Butid da Praia, Butia da Serra e Jaracatid),
aproximadamente 7% de vitamina B2 (Butia da Praia e Jaracatia), acima de 30% para a vitamina
B5 (Acai Jucara) e vitamina B6 (Acai Jucara, Butia da Praia, Fisalis, Jaracatia, Maracuja do
Mato) e atendem as recomendacdes da vitamina B7 (Butia da Praia). Os resultados indicam que
as frutas incluidas neste estudo apresentaram em sua composi¢éo quantidades consideraveis de
compostos bioativos e capacidade antioxidante, o que pode representar um potencial valor

comercial por suas propriedades nutricionais e funcionais.

Para a mesma fruta, alguns dos resultados obtidos apresentaram diferenca estatistica
entre as coletas, ratificando a forte influéncia dos fatores edafoclimaticos e variabilidade

genética em sua composicao. Quando combinados, esses fatores podem influenciar o contetido
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de nutrientes da planta, alterando seu metabolismo fitoquimico.

Além de caracteristicas sensoriais que contribuem para o seu consumo direto,
identificou-se o potencial do Butia da Praia, do Butia da Serra e da Arumbeva para o
desenvolvimento de produtos, cuja comercializacdo poderia contribuir para a sua conservagao.
Assim, extratos para possiveis aplicagdes em alimentos também foram formulados e
caracterizados quanto a capacidade antioxidante in vitro e os efeitos sobre a geracéo de espécies
reativas de oxigénio e toxicidade aguda in vivo. Os extratos hidroetanoélicos formulados a partir
dessas frutas foram considerados excelentes fontes de compostos fenolicos, atingindo um
aumento de até 98% no total de compostos fendlicos da fruta. Além disso, 0s extratos tiveram
efeitos antioxidantes contra os radicais *OH, *ROO" e ABTS, ndo aumentam a geracdo de EROs
nem tiveram efeito toxico in vivo. Além dos beneficios a saude, estes provaram ser fontes
promissoras de antioxidantes naturais, com variacao entre espécies e influéncia do local de
coleta na composicdo fendlica. A formulacdo de extratos pode expandir ainda mais seu uso,
possibilitando futuras aplicagfes em alimentos e/ou produtos farmacéuticos.

Apesar das interessantes propriedades sensoriais e de composicdo nutricional que
poderiam proporcionar expansao da producdo comercial, 0 consumo dessas frutas ainda é
incipiente, especialmente pelo seu curto prazo de validade. Neste sentido, praticas minimas de
processamento, armazenamento a frio e uso de embalagens desempenham um papel essencial
na protecdo dos alimentos em toda a cadeia produtiva. Assim, considerando sua potencialidade
(nutrientes e compostos bioativos), facilidade de acesso, e apreciacao pelos consumidores, no
Manuscrito 4 o Butia da Praia foi selecionado para o desenvolvimento de um método para
prolongar sua vida de prateleira. As frutas foram armazenados a 5 °C em trés tratamentos
diferentes: aberto (dispostas em bandejas de poliestireno expandido); embalado (embaladas
com plastico de nylon-poli multicamada); e atmosfera modificada (embaladas com 2% de
oxigénio, 5% de didxido de carbono e 93% de nitrogénio). As amostras foram avaliadas quanto
a diversos parametros de qualidade pds-colheita durante 35 dias. Aos 15 dias, o tratamento
aberto ndo apresentava mais condi¢des de consumo. O uso de embalagens foi capaz aumentar
a maciez; manter os niveis de carotenoides (sendo os principais o 3-caroteno e a luteina); manter
a capacidade antioxidante da fruta e sofrer menos perdas significativas de acido ascérbico. O
uso de embalagens, combinado ao resfriamento, foi suficiente para prolongar a vida util dos
butias minimamente processados por até 25 dias. Assim, para reduzir a deterioragéo das frutas,

a embalagem e o0 armazenamento na temperatura do refrigerador domeéstico podem ser solucdes
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simples para os produtores manterem as caracteristicas do produto apds a colheita.
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CAPITULO 10

10 CONCLUSAO GERAL

Os resultados das anéalises das sete espécies nativas da Regido Sul do Brasil, permitem

concluir que:

a) as frutas avaliadas apresentaram alto teor de umidade, baixo teor lipidico e boa

quantidade de fibras, principalmente as do tipo insoluvel;

b) as amostras de Acai Jucara apresentaram uma alta relacdo SST/ATT,; excelente
quantidade de fibras, teor consideravel de vitaminas B5 e B6, luteina, antocianinas e alta
capacidade antioxidante;

c) os Butias da Praia e da Serra possuem contetdo elevado de vitamina C e do complexo
B (B1, B2, B5, B6 e B7), além da alta capacidade antioxidante;

d) a Arumbeva pode ser considerada uma boa fonte de fibras, vitamina C e minerais
(Ca, Mg, Mn e Zn);

e) o0 Jaracatia se apresentou como uma excelente fonte de minerais (Ca, K e Zn) e
proteinas; obteve alta relacdo SST/ATT e elevada quantidade de vitaminas A, C e do complexo
B (B2 e B6), além de ter destaque no conteudo de carotenoides totais e individuais (o e -

caroteno, B-criptoxantina, zeaxantina), apresentando um perfil completo dos mesmos;
f) o Maracuja do Mato se destacou pelo conteudo de vitamina B6;

g) o Fisalis apresentou teores elevados de vitamina B3, B6 e carotenoides totais, além

de apresentar perfil completo dos mesmos;

h) o consumo de 100 g dessas frutas pode contribuir com até 50% da ingestdo diaria
recomendada de vitamina C, 45% de vitamina A, acima de 30% para a vitamina B5 e B6, 7%

de vitamina B2 e suprir a demanda de vitamina B7;

i) as frutas incluidas neste estudo apresentaram em sua composi¢do quantidades

consideraveis de compostos bioativos e capacidade antioxidante;

j) o teor de nutrientes para a mesma espécie, coletada em locais diferentes variaram

significativamente;

k) os &cidos hidroxibenzoicos e clorogénicos, a catequina e/ou a epicatequina e seus
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derivados e a rutina foram os compostos predominantes no Butié da Praia;

I) no Butié da Serra os flavan-3-ols e os &cidos hidroxibenzoéicos foram os principais

grupos, com predominancia de galato de epicatequina;

m) na Arumbeva, destacaram-se 0 &cido piscidico e seu derivado, seguidos pelos

derivados de isorhamnetina e o cido caféico 4-O-glucuronideo;

n) os extratos hidroetandlicos dos Butids e da Arumbeva tiveram efeitos antioxidantes
contra os radicais *OH, *ROO" e ABTS, ndo aumentam a geracdo de EROs nem tiveram efeito
toxico in vivo;

0) praticas minimas de processamento como o armazenamento a 5 °C e uso de

embalagens prolongaram a vida util do Butia da Praia minimamente processados por até 25

dias. Sem o uso da embalagem a fruta teve vida util de 10 dias.

De modo geral, conforme os resultados obtidos, as frutas nativas mostram-se
promissoras quanto a composicéo fisico-quimica e nutricional, assim como quanto ao teor de
compostos bioativos. Evidenciou-se que uso dessas espécies pode ser considerado como
alternativa para melhorar a dieta da populacdo, englobando diversos nutrientes e chamando a
atencdo para a importancia da alimentacdo ser diversificada, uma vez que cada espécie se
destaca em determinados componentes e h& grande variacdo entre os locais de coleta. Além
disso, os resultados apresentados nesse trabalho podem estimular a demanda, 0 consumo e o
cultivo dessas frutas, contribuindo para a preservacao e protecao de fontes naturais de alimentos

nutritivos, saudaveis e sustentaveis, trazendo beneficios a satde da populacéo.
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