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ABSTRACT

The blueberry production began in Brazil at 80’s and your commercialization at 90’s,
despite being a new crop in the country, it is observed that each day the fruit has been
gaining ground, which led to an increase the number of producers and cultivars
marketed. Due to this, the objective of this study was to analyze different cultivars
produced by different producers, for antioxidant capacity and anthocyanins, flavonols
and chlorogenic acid levels. Hydrophilic and lipophilic extracts were prepared for
thirty samples from 10 blueberry cultivars in two harvests, 2010/2011 and 2011/2012,
and four different producers. Antioxidant capacity was measured by the ABTS,
FRAP, ORAC and B-carotene/linoleate methods and correlated to the amounts of
carotenoids, total phenolics and anthocyanins. The hydrophilic extracts showed a
higher positive correlation, between the amounts of bioactive compounds and the
antioxidant capacity, compared to lipophilic extracts, which differentiated by principal
component analysis according to whether they were Rabbiteye or Highbush. Already,
in the hydrophilic extracts there was a separation by producers and harvest seasons.
The flavonols, chlorogenic acid and anthocyanins content of blueberries were
determined by HPLC-DAD-ESI-MS" and we observed that all cultivars showed high
concentration of chlorogenic acid, average values ranged between 0.2 ¢ 4.0 g / kg dry
matter, were also found forty four flavonols, and the main in Highbush blueberry was
quercetin 3-galactosideo, while the fruits of Rabbiteye group presented in high
proportions quercetin 3-ramnosideo and quercetin 3-glucuronide. Amoung the
flavonols identified, quercetin-3-O-[4’’-(3-hydroxy-3-methylglutaroyl)]-a-rhamnose
was found, for the first time in blueberries, it was detected only in Florida and
Powderblue cultivars, where was a major flavonol. Apart from this compound,
isorhamnetin, siringetin and laricitrin derivatives, were also reported for the first time
in blueberries. Were identified 36 anthocyanins, there were also differentiation in the
majority anthocyanin according to the blueberry group. The cultivars of Rabbiteye
group showed higher amounts of cyanidin 3-galactoside than cultivars of Highbush
group, while Highbush cultivars have more 3-O-arabinoside of delphinidin and
malvidin.

Keywords: blueberry, antioxidant, phenolics, principal component analysis

vii



viii



RESUMO

A produgdo de mirtilos iniciou-se no Brasil na década de 80 e a comercializacdo da
fruta na década de 90. Apesar de ser um cultivo novo no pais, observa-se que a cada dia
o fruto tem ganhado mais espaco, o que fez com que aumentasse o numero de
produtores e cultivares comercializadas. Deste modo, o presente trabalho teve por
objetivo analisar cultivares comercializadas por diferentes produtores, quanto a sua
capacidade antioxidante e teor de antocianinas, flavonoéis e acido clorogénico. Foram
elaborados um extrato hidrofilico e um extrato lipofilico para as trinta amostras,
pertencentes a 10 cultivares de mirtilo da safra de 2010/2011 e 2011/2012 de quatro
diferentes produtores e sua capacidade antioxidante foi medida pelos métodos de
ABTS, FRAP, ORAC e B-caroteno/acido linoleico e correlacionadas com o teor de
antocianinas, compostos fenolicos e carotenoides totais. Os extratos hidrofilicos
apresentaram uma maior correlagdo positiva, entre o teor de compostos bioativos e os
métodos de capacidade antioxidante, do que os extratos lipofilicos, os quais se
diferenciaram na andlise de componentes principais de acordo com o grupo que
pertenciam, Rabbiteye ou Highbush. Enquanto, nos extratos hidrofilicos houve uma
separa¢do quanto aos produtores e safras analisados. Através de HPLC-DAD-ESI-MS",
foi determinado o conteudo de flavondis, acido clorogénico e antocianinas nos mirtilos
¢ observou-se que todas as cultivares apresentam grandes quantidades de acido
clorogénico. Em média os valores oscilaram entre 0,2 e 4,0 g / kg de fruta seca, também
foram encontrados quarenta e quatro flavondis, sendo os majoritarios no grupo
Highbush, quercetina 3-galactosideo, enquanto os frutos do grupo Rabbiteye
apresentam em maior quantidade quercetina 3-rhamnosideo e quercetina 3-
glucuronideo. Dentre os flavonois identificados, encontrou-se quercetina-3-O-[4""-(3-
hidroxi-3-metilglutaroil)]-a-rhamnose, pela primeira vez em mirtilos, sendo este
composto exclusivo das cultivares Florida e Powderblue. Além deste composto,
derivados da isorhamnetina, siringetina e laricitrina, foram encontrados pela primeira
vez no mirtilo. Quanto as antocianinas foram encontradas trinta ¢ seis, havendo também
um diferenciacdo na antocianina majoritaria, de acordo com o grupo de mirtilo. As
cultivares do grupo Rabbiteye apresentaram maiores quantidades de cianidina 3-
galactosideo, enquanto as cultivares do grupo Highbush possuem maiores quantidades
de arabinosideos de delfinidina e malvidina.

Palavras-chave: mirtilo, antioxidantes, fendlicos, analise de componentes principais
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Introducio Geral

INTRODUCAO GERAL

As pequenas frutas cultivadas nas regides de clima temperado tem despertado
cada vez mais o interesse dos consumidores e dos produtores. Em crescente avango
mundial, o cultivo do morango, amora, framboesa, “cranberry” ¢ mirtilo vem ganhando
espaco em diversos paises, contribuindo significativamente para a disponibilidade de
frutas vermelhas. Segundo Strik (2007) em 2005, havia mais de 1,8 milhdes de hectares
de lavouras de pequenas frutas em todo mundo, produzindo 6,3 milhdes de toneladas de
frutas.

O Brasil possui uma condigdo climatica privilegiada para tais culturas por
apresentar regides de clima temperado em quatro estados brasileiros, incluindo o Rio
Grande do Sul, Santa Catarina, Parand e Sdo Paulo. Dessa forma, o pais apresenta
potencial de producdo durante quase todo o ano. Além disso, outro aspecto
economicamente relevante ¢ que a produgdo brasileira dessas frutas ocorre de dezembro
a fevereiro, periodo de entressafra dos Estados Unidos e Unido Européia, os principais
centros consumidores.

As pequenas frutas, sdo universalmente reconhecidos como tendo uma
composi¢ao quimica basica que acentua o seu sabor doce, aroma frutado e propriedades
benéficas a saude, que sdo apreciadas em todo o mundo. Esta pode ser altamente
variavel, dependendo da cultivar, estadio de maturagdo e colheita e das condicdes de
armazenamento, geralmente por causa de sua natureza ndo climatérica no que diz
respeito & sua produgdo e capacidade de resposta ao etileno (Strik, 2007).

Com relag@o ao mirtilo, uma pequena fruta nativa da América do Norte, sua
cultura ainda é recente e pouco conhecida no Brasil, porém as pesquisas tém se
intensificado cada vez mais, com o intuito de verificar a adaptabilidade as condigdes

climaticas do pais (Raseira & Antunes, 2004).
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Atencdo especial comecou a ser dada ao mirtilo a partir do trabalho de Prior
(1998), onde ao comparar quarenta frutas e¢ hortaligas, o mirtilo apresentou o maior
valor de capacidade antioxidante, despertando deste modo o interesse de consumidores
e pesquisadores. No entanto, a maioria das pesquisas relaciona esta elevada capacidade
antioxidante com o conteudo de compostos fendlicos no fruto, principalmente
antocianinas, por serem os pigmentos majoritarios (Wang et al., 2012).

Dentro da classe dos compostos fendlicos, o mirtilo apresenta-se como uma
rica fonte de flavonoides, antocianinas, flavonois e acidos hidroxicinamicos (Rodriguez-
Mateos et al., 2012), os quais estdo relacionados na literatura com efeitos benéficos a
saude, muitas vezes devido a sua habilidade em atuar como antioxidantes, frente aos
radicais livres, evitando varios tipos de cancer (Nile & Park, 2014). Roopchand et al.
(2013) observaram que os polifendis do mirtilo podem ser utilizados em dietas para
diabéticos, pois diminuiram os niveis de glicose no sangue, reduziram o colesterol e
contribuiram para a redugdo do ganho de peso em ratos.

Estudos realizados com mirtilo observaram que, além da presenga dos
compostos fenolicos, outros compostos como carotenoides, tocoferdis e acido ascorbico
também estdo presentes na fruta, sendo encontrados algumas vezes em quantidades
elevadas (Barcia et al. 2010; Pertuzatti et al., 2012). Estes compostos também podem ter
influéncia na capacidade antioxidante do fruto, tendo em vista, que a capacidade
antioxidante de carotenoides foi reportada previamente na literatura (Muller & Boehm,
2011; Gurak et al., 2014), assim como para os tocoferdis e acido ascorbico (McAnulty

et al., 2004; Mancebo-Campos et al., 2014).
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OBJETIVOS

Objetivo Geral

Analisar dez cultivares de mirtilo, Elliot, Florida, Bluecrop, Climax,
Powderblue, Bluegem, Briteblue, Woodard, Darrow e Coville, produzidas e
comercializadas por quatro diferentes produtores brasileiros, durante duas safras,
2010/2011 e 2011/2012, quanto a sua capacidade antioxidante e teor de antocianinas,

flavonois e acido clorogénico.

Objetivos Especificos

1) Preparar extratos hidrofilicos e lipofilicos das 30 amostras de mirtilo,
pertencentes as diferentes cultivares, produtores e safras;

2) Determinar o teor de compostos fenolicos e antocianinas totais nos extratos
hidrofilicos de mirtilo e o teor de carotenoides totais nos extratos lipofilicos;

3) Determinar a capacidade antioxidante dos extratos por diferentes métodos,
ORAC, FRAP, ABTS e B-caroteno/acido linoleico, para os extratos hidrofilicos, e
ORAC e ABTS para os extratos lipofilicos;

4) Identificar e quantificar os flavonois, antocianinas e acido clorogénico presente
nos mirtilos, por HPLC-DAD-ESI-MS" (Cromatografia Liquida de Alta Eficiéncia,
acoplada a Espectrometria de Massas);

5) Utilizar a Analise de Componentes Principais (PCA), como método estatistico

para identificar a relacdo entre as caracteristicas extraidas dos dados e separa-los.
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1 Mercado produtor e consumidor, importincia da producao de mirtilo no brasil e
no mundo

De acordo com as estatisticas da Organizacdo das Nagdes Unidas para
Agricultura e Alimentacdo (FAO), de 1970 até 2011 a producdo mundial de mirtilo
aumentou aproximadamente 7 vezes (FAOSTAT, 2012). Segundo dados do National
Agricultural Statistics Service (NASS) do Departamento de Agricultura dos Estados
Unidos (USDA), os Estados Unidos sdo os principais produtores de mirtilo com uma
producgdo de aproximadamente 454 toneladas da fruta em 2012, o que torna o mirtilo a
segunda pequena fruta mais produzida e comercializada no pais, atrds apenas do
morango (USDA-NASS, 2013). O segundo principal produtor de mirtilo é o Canada
com 31,5 % da produgdo mundial (FAOSTAT, 2012). O continente europeu ¢&
responsavel por 10,4% e os demais paises do mundo sdo responsaveis por 2,9 % da
producdo mundial (FAOSTAT, 2012).

O cultivo do mirtilo (Vaccinium spp.) esta em franca expansdo em paises da
América do Sul, como Chile que possui 2550 hectares (ha) plantados, Argentina com
1500 ha e Uruguai com 200 ha (Bafiados, 2006; Fachinello, 2008) areas caracterizadas
por ndo ter um inverno com frio muito intenso e por ter um verdo quente (Bafados,
2008). O aumento na producdo de mirtilo em paises do hemisfério sul, ¢ devido em
grande parte a demanda dos paises do hemisfério norte, por mirtilos frescos na sua
entressafra, o que gera uma oportunidade de negdcio muito interessante para o setor
produtivo brasileiro (Antunes et al., 2007, Pertuzatti et al., 2012).

No Brasil, o cultivo do mirtilo ainda é recente e pouco conhecido. As
primeiras plantas foram trazidas da Universidade da Florida (Estados Unidos) em 1980
pela EMBRAPA - Clima Temperado (Pelotas-RS), para avaliagdo de variedades, sendo

introduzidas colegdes de cultivares de baixa exigéncia em frio, pertencentes ao grupo
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“Rabbiteye”, por ser o grupo mais adaptavel as condi¢des do sul do Brasil (Sharpe,
1980). A primeira iniciativa comercial no Pais comegou a partir de 1990, em Vacaria
(RS), através da introdugdo de variedades do grupo “Highbush” (Antunes & Raseira,
2006; Moraes et al., 2007). Atualmente, predominam as cultivares pertencentes ao
grupo “Rabbiteye”. O quadro produtivo atual, no pais, estd concentrado principalmente
nas cidades de Vacaria no Rio Grande do Sul e Campos do Jorddo em Sdo Paulo
(Madail & Santos, 2004), perfazendo uma area cultivada superior a 150 hectares
(Fachinello, 2008). No entanto, o mercado consumidor nacional ainda ¢ muito restrito,
tendo Sao Paulo e Rio de Janeiro como os principais consumidores.

Em relagdo ao mercado consumidor mundial, os Estados Unidos possuem os
maiores indices de consumo, com elevada demanda, que fez com que o consumo per
capita aumentasse cerca de 50% nos ultimos quinze anos (Demchak, Harper & Kime
2014). Segundo Madail e Santos (2004) os norte-americanos importam cerca de 82% da
produgdo do restante do mundo. Apesar de ser o maior produtor da fruta, o pais ndo é
auto-suficiente e, exceto nos meses de maio, junho ¢ julho (periodo de safra), depende
diretamente do abastecimento canadense, chileno, neozelandés e argentino.

O mirtilo ¢ uma das pequenas frutas mais consumidas no mundo, além do seu
sabor muito apreciado, e cor azul que faz com que o a fruta tenha alta aceitacdo entre
criancas e adolescentes, a fruta ganhou muita atencdo nos tltimos anos depois que o
trabalho de Prior (1998) relatou que o mirtilo tinha a maior capacidade antioxidante
dentre 42 frutas e hortalicas avaliadas. Esta descoberta provocou numerosas
investigacoes cientificas sobre as propriedades quimicas do fruto e sua correlagdo com

beneficios a saude.
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2 Cultivares Produzidas

O mirtilo é membro da familia Ericaceae, subfamilia Vaccinoideae e género
Vaccinium, e seus frutos podem ser classificados em trés grupos principais: “Highbush”,
“Lowbush” e “Rabbiteye” (Sousa et al., 2007; Strik & Finn, 2014).

O grupo “Highbush” ¢ origindrio da costa oeste da América do Norte e dentro dele
predomina a espécie V. corymbosum L., ainda que as espécies V. australe e V. darrowi
possam ser usadas para fins de melhoramento genético (Hoffmann, 2002), suas plantas
possuem uma necessidade de 650 a 850h de frio (com temperaturas menores ou iguais a
7,2°C) e os frutos apresentam a melhor qualidade, tanto em tamanho e sabor quanto com
relacdo ao teor de pruina (cera responsavel pela coloragdo azul dos frutos) (Raseira &
Antunes, 2004).

Os mirtilos do grupo Highbush, podem ser divididos em Northern Highbush, que é
o tipo mais comumente plantado no mundo, com uma exigéncia de frio de mais de 800h, e
Southern Highbush, ou Highbush de baixa necessidade de frio (200 a 300h ), desenvolvido
para permitir a producdo de mirtilo em regides com invernos mais brandos (Strik & Finn,
2014). Segundo Galletta e Ballington (1996), Southern Highbush tem melhor desempenho
nos planaltos, solos pobres em matéria organica, melhor resisténcia a doengas ¢ produzem
frutos grandes de excelente qualidade. Estes frutos possuem uma produgdo bastante precoce
em relacdo aos outros grupos. Sao cultivados nas regides menos frias dos Estados Unidos,
no Chile e predominam na Argentina e Uruguai. No Brasil, as primeiras experiéncias de
cultivo sdo recentes, se concentram em Vacaria, na regido de Pelotas e na Serra Gaucha.

As cultivares que pertencem a esse grupo foram desenvolvidas a partir de
hibridacdes interespecifica entre o mirtilo Highbush (Vaccinium corymbosum), o mirtilo
sempre verde (Vaccinium darrowi) e o mirtilo Rabbiteye (Vaccinium ashei Reade) (Galleta
& Ballington, 1996), e estdo apresentadas na Tabela 1, juntamente com outras cultivares do

grupo Highbush e do grupo Rabbiteye.

11



Paula Becker Pertuzatti Konda et al.

Tabela 1. Cultivares, grupos e caracteristicas de mirtilos testados na América do Sul

(continua)
Cultivar Grupo Caracteristica Referéncia
Bluecrop  Highbush  Criada pelo USDA — New Jersey, tamanho de 1
médio a grande, azul claro, sabor 4cido, polpa
firme, requerimento mais de 600 h de frio
O’Neal Highbush  Originaria da Carolina do Norte, requerimento 2
200 — 600 h de frio, tamanho grande, azul claro,
maturagdo precoce
Georgiagem Highbush Originaria da Georgia, requerimento 200 — 600 2
h de frio, tamanho médio
Misty Highbush Originaria da Florida, requerimento 150 — 200 h 2,3
de frio, tamanho grande, azul claro, polpa firme,
maturagao precoce
Sharpblue = Highbush Originaria da Florida, tamanho médio, azul 3
escuro, polpa medianamente firme, maturagdo
precoce
Millenia  Highbush Originaria da Florida, tamanho médio, azul 3
claro, polpa firme, requerimento 300 h de frio
Star Highbush Originaria da Florida, tamanho grande, azul 2
escuro, polpa firme, requerimento 400 h de frio
Elliot Highbush  Tamanho médio, azul claro, maturagdo tardia, 1
requerimento mais de 800 h frio
Darrow Highbush  Tamanho de grande a muito grande, azul claro, 1
polpa medianamente firme
Coville Highbush Tamanho grande, polpa firme, requerimento 4
mais de 800 h frio
Brigitta Highbush Tamanho grande, azul claro, polpa firme, 1,4
Blue requerimento mais de 700 h frio
Aliceblue  Rabbiteye Originaria da Florida, baixa exigéncia em frio, 3
sabor equilibrado entre acidez e agtcar, pelicula
azulada
Bluebelle  Rabbiteye  Originaria da Georgia, polpa firme, tamanho 3
pequeno a médio, presenga moderada de pruina
Bluegem  Rabbiteye Originaria da Florida, bastante pruina na 3
superficie
Briteblue  Rabbiteye  Originaria da Georgia, tamanho grande, azul 2
clara, polpa firme
Delite Rabbiteye Originaria da Georgia, tamanho pequeno, sabor 2,3
doce-acido
Climax Rabbiteye Originaria da Geoérgia, tamanho médio, azul 3
escuro, bastante pruina na superficie
Powderblue Rabbiteye  Originaria de Maryland, tamanho pequeno a 1,3
médio, azul claro, bastante pruina na superficie
Woodard  Rabbiteye  Origindria da Georgia, azul claro, polpa macia 3
Tifblue Rabbiteye  Originaria da Gedrgia, tamanho pequeno, azul 1,2
claro, polpa firme, maturagdo tardia
Beckyblue Rabbiteye  Polpa firme, requerimento 300-400 h de frio, 5

azul médio
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Tabela 1. Cultivares, grupos e caracteristicas de mirtilos testados na América do Sul

(continuacdo)
Brightwell Rabbiteye Tamanho de médio a grande, polpa firme 4
Bonita Rabbiteye Originaria da Florida, tamanho de médio a 3
grande, azul claro, sabor adstringente
Windy Rabbiteye Originaria da Flérida, tamanho de médio a 3

grande, polpa firme

1 — Strik, Finn & Moore, 2014; 2 - Brooks & Olmo, 1997; 3 - Raseira &
Antunes, 2004; 4 - Krewer & NeSmith, 2006; 5 - Galleta & Ballington, 1996

As principais cultivares plantadas na América Latina sdo: ‘bluecrop’, uma das
mais cultivadas no Chile, apresentando excelente qualidade, tamanho grande e
coloracdo azul clara; “Duke” e “Brigitta” com uma exigéncia de frio superior a 700
horas; “Coville” com porte vigoroso e produtivo e fruto grande, resistente ao
rompimento e de bom sabor agridoce; “Elliot” que ¢ a cultivar mais exigente em frio
cultivada no Brasil e tem como caracteristica a sua producdo tardia, sendo colhida de
janeiro a abril, “Bluecrispy” que apresenta uma rara firmeza, e uma textura quase
crocante da fruta madura, as frutas desta cultivar sdo muito doces, tém boa conservacao
e resistem muito bem ao transporte apresentando qualidade tipo exportacdo mesmo
quando o clima se torna quente e chuvoso (Krewer & Nesmith, 2006; Nesmith, 2008).
“O’neal” predomina nos cultivos na Argentina, no Uruguai e no Chile, tendo o inicio da
colheita nas condi¢des da Argentina e Uruguai no més de outubro, o que proporciona
excelentes precos para exportagdo. No Brasil, necessita de controle antigeada, devido a
precocidade da sua primeira florag@o, que ocorre entre julho e agosto (Brooks & Olmo,
1997) e “Misty” estd sendo muito plantada no Uruguai e na Argentina (Raseira &
Antunes, 2004).

O grupo chamado “Rabbiteye” (olho de coelho) é originario do sul da América
do Norte, pertence a espécie Vaccinium ashei Reade, possui uma alta producdo por
planta (vigor elevado) e seus frutos t€m uma maior conservagao pods-colheita, porém o

tamanho da fruta é inferior ao das cultivares do grupo “Highbush”. Uma de suas
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caracteristicas importantes ¢ a tolerancia a deficiéncia hidrica e baixa necessidade de
horas de frio (300 a 650 h) o que faz com que esta espécie apresente importancia
comercial em regides com menor disponibilidade de frio, se adaptando bem as
condicdes do sul e sudeste do pais. Das cultivares produzidas na América do Sul,
Tifblue por muitos anos, foi a cultivar de mirtilo do tipo “Rabbiteye”, mais plantada no
mundo (Brooks & Olmo, 1997).

O mirtilo “Lowbush” em sua maioria pertence a espécie Vaccinium
angustifolium, embora segundo Raseira ¢ Antunes (2004) o mirtilo do Canada
(Vaccinium myrtilloides e Vaccinium boreale) também pertenca a este grupo, que tem
em comum uma alta exigéncia em horas de frio (necessitando um frio hibernal de até
1100 h), o que faz com que este grupo ndo seja produzido no Brasil. Este grupo tem
habito de crescimento rasteiro e produz frutos de pequeno tamanho, cujo destino ¢ a
industria processadora (Hoffmann, 2002).

Existe uma outra espécie de mirtilo, Vaccinium myrtillus L., nativa do norte de
Europa e também encontrada em algumas partes da América do norte e Asia,
denominada “Bilberry”. Esta fruta possui uma cor azul intensa e polpa pigmentada
diferente da polpa do mirtilo americano (“blueberry”’) que ndo possui antocianinas. Este
tipo de mirtilo tem encontrado aplicagdes como farmacos e suplementos dietéticos. A
droga comercial Difrarel®, contém 100 mg de antocianinas de mirtilo acrescido de 5

mg de B-caroteno e ¢ prescrita para doengas do aparelho circulatério (Camire, 2002).

3 Composicao Quimica

De acordo com Moraes et al. (2007), o mirtilo apresenta em média cerca de
15% de carboidratos (Tabela 2). Os principais agucares encontrados nas frutas sdo

sacarose, glicose ¢ frutose, encontrando-se no mirtilo nas concentragdes de 0,12-1,14%,
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3,28-3,87% e 3,34-3,88%, respectivamente. Sendo que a elevada quantidade de frutose,
geralmente o agiicar majoritario no mirtilo, torna a fruta interessante para ser consumida
por diabéticos (Talcott, 2007; Nile & Park, 2014). Wang et al. (2008) suportam esta
afirmacdo dizendo que os principais aglcares encontrados no mirtilo, sdo frutose e
glicose, ja a sacarose encontra-se em menores quantidades, provavelmente devido a alta
atividade da invertase, durante o estadio final de maturacao (Milivojevic et al., 2013). A
concentragdo destes acucares ¢ importante para a qualidade da fruta pois a frutose ¢ 1,8
vezes mais doce que a sacarose ¢ a glicose apresenta 60% da dogura da frutose. Sendo
interessante ressaltar que, a forma de cultivo da fruta exerce influéncia sobre a
concentragdo de agucares, pois mirtilos plantados no sistema de cultivo organico
apresentam maiores quantidades de agucares (frutose e glicose) que os plantados no
cultivo convencional (Wang et al, 2008).

Tabela 2. Composicdo centesimal de algumas cultivares de mirtilo Rabbiteye em
comparagdo com o grupo Highbush

Delite Bluebelle Woodard Florida Highbush*
Umidade 81,3 83,0 82,5 82,3 84,2
Lipideos 0,26 0,25 0,28 0,25 0,33
Proteinas 1,8 1,7 1,6 1,4 0,74
Cinzas 0,2 0,2 0,2 0,2 0,24
Carboidratos 16,4 14,9 15,4 15,9 14,5

Fonte: Moraes, et al. 2007 * Talcott, 2007

Dos polissacarideos encontrados nas frutas maduras destaca-se principalmente
a celulose, hemicelulose, pectina e lignina, as quais sdo encontradas principalmente na
parede celular, além de contribuirem para o valor nutritivo, os aglicares também sdo
responsaveis pela textura e sabor das frutas juntamente com os acidos organicos (Kader

& Barrett, 2005; Palka, 2007).
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O conteudo de actcares no mirtilo ¢ compensado pela presenca de acidos
organicos ¢ também acidos fenolicos, que podem conferir sabor amargo ou adstringente.
A complementagdo dos acidos organicos com os acidos fenolicos € responsavel pela
acidez titulavel que ¢ comumente medida como um indice global de qualidade das
frutas (Talcott, 2007). Segundo Pertuzatti (2009) a acidez titulavel de algumas
cultivares de grupo Rabbiteye variou de 0,05-0,1% de 4cido malico, nas frutas colhidas
na safra de 2007/2008.

Os éacidos organicos também ajudam a estabilizar o acido ascorbico e sdo
fundamentais na cor do fruto, servindo para estabilizar as antocianinas e estender a vida
util de produtos frescos e frutos processados (Talcott, 2007). Os acidos organicos
encontrados no mirtilo sdo acido citrico e acido malico. Talcott (2007) relata apenas a
presenga de acido malico na fruta, com uma variacdo do teor de 0,06 a 1,10% e
Milivojevic et al (2013) encontraram os dois acidos organicos, mas neste trabalho o
acido organico majoritario na fruta foi acido citrico 0,1 — 0,23 % enquanto o acido
malico apresentava quantidades de 0,05 — 0,12%.

Compostos volateis sdo normalmente ésteres, alcoois, acidos, aldeidos e
cetonas (Kader & Barrett, 2005). No caso dos mirtilos, Simon et al. (1999)
demonstraram que os niveis de emissdo de compostos organicos volateis sdo muito
baixos comparados com outras frutas como morango, € apenas o butil-acetato poderia
ser observado. No entanto, de acordo com Su & Chien (2010) o aroma de mirtilo €
composto de linalol, 2-trans-hexenol, 2-trans-hexenal, 3-cis-hexenol, 3-cis-hexenal.
Terpenos, aldeidos C6 insaturados e alcoois insaturados tem sido reportados como
compostos predominantes identificados em extratos volateis de mirtilo “Rabbiteye”. Du,
Olmstead & Rouseff (2012), caracterizaram o perfil de volateis em quatro cultivares de

mirtilos Southern Highbush, “Snowchaser”, “Primadonna”, “Jewel” e “Kestrel”,
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encontrando 14 picos, dos quais 11 foram identificados, sendo (E)-2-hexenal o
composto majoritario.

A maioria das proteinas presentes em frutas desempenham fungdes enzimaticas
e sdo encontradas principalmente nas camadas citoplasmaticas da célula. O teor de
proteina dos frutos varia de menos de 1% a mais de 1,5% (Palka, 2007) e o teor
encontrado por Moraes et al. (2007) em cultivares de mirtilo do grupo Rabbiteye na
safra de 2005/2006 esta apresentado na Tabela 2. As enzimas, que catalisam processos
metabolicos nas frutas, sdo proteinas importantes nas rea¢des envolvidas no
amadurecimento ¢ senescéncia dos frutos (Kader & Barret, 2005). Em mirtilos,
polifenoloxidase e peroxidase sdo as enzimas relatadas por aumentar o amadurecimento
do fruto e a deterioragdo da sua qualidade (Talcott 2007). No entanto, Kader et al.
(1997b) constataram que a peroxidase ndo desempenha um papel na degradacdo do
acido clorogénico, principal 4cido hidroxicindAmico do mirtilo, apenas a
polifenoloxidase estd envolvida e esta apresenta uma atividade 6tima a um pH 4,0
(Kader et al., 1997a; Robards et al., 1999) o qual ¢ préximo ao pH do mirtilo 2,6-3,6
(Moraes et al., 2007; Pertuzatti, 2009).

Lipideos constituem menos de 1% na maioria das frutas frescas. Entretanto, os
lipideos sdo muito importantes porque constituiem a membrana celular, formam a
superficie da cera (pruina) que contribui para a coloragdo azul do mirtilo e estdo
presentes também na cuticula que protege os frutos contra patdégenos e perda de agua
(Kader & Barret, 2005).

Mirtilos contém uma gama variada de nutrientes com reconhecidas atividades
bioldgicas que promovem ou contribuem para a saude, dentre eles as vitaminas (Tabela
3). Das vitaminas hidrossoluveis presentes no mirtilo incluem-se a vitamina C, tiamina,

riboflavina, niacina, acido pantoténico, vitamina B6 ¢ folatos, enquanto que das
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vitaminas lipossoluveis encontra-se a vitamina A, vitamina K e tocoferéis (Talcott,
2007). Essas vitaminas, ajudam a impulsionar o sistema imune, reduzir a inflamagao e
atuam como antioxidantes (Nile & Park, 2014).

Segundo Pertuzatti et al. (2012) o conteudo de tocoferdis e tocotriendis em
plantas ¢ maior em folhas e outros tecidos mais expostos a luz solar, como a casca das
frutas, e menor em raizes e tecidos expostos a pouca luz. No entanto, os teores de y-
tocoferol encontrados nas cascas de mirtilos analisadas (0,5 — 1,7 mg de y -
tocoferol.100g™ casca) podem ser comparados com fontes ricas em tocoferéis, como o
azeite de oliva, que segundo Lampi et al. (2002), apresenta teores de 1,3 — 5 mg de vy -
tocoferol.100g'azeite ou 6leo de girassol 0,4 — 3,0 mg de y -tocoferol.100g™"; no
entanto, 0 mesmo autor constata que o total de tocoferdis nestes 6leos pode chegar a 203
mg de tocoferdis.100g™ amostra no azeite de oliva e 91 mg de tocoferois.100g amostra
no oleo de girassol.

Vitaminas lipossoliveis como os tocoferdis sdo menos sensiveis a perdas pos-
colheitas que as vitaminas hidrossoluveis como o acido ascorbico (Kader & Barret,
2005). A estabilidade do acido ascorbico ¢ conhecida por ser influenciada por inimeros
fatores, incluindo temperatura, exposi¢do a luz, atmosfera, frutos danificados,
processamento de alimentos e 4acido ascorbico oxidase (Talcott, 2007), mas
comparativamente com outras pequenas frutas o mirtilo apresenta pequenas quantidades

de vitamina C (Barcia et al., 2010).
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Tabela 3. Contetido de vitaminas no mirtilo

Vitaminas Conteudo (por 100 g)
Acido ascorbico (mg) 9,7
Tiamina (mg) 0,04
Riboflavina (mg) 0,04
Niacina (mg) 0,42
Acido pantoténico (mg) 0,12
Vitamina B6 (mg) 0,05
Folatos (ng) 6
Vitamina A (IU) 54
a- tocoferol (mg) 0,57
B- tocoferol (mg) 0,01
v- tocoferol (mg) 0,36
A- tocoferol (mg) 0,03
Vitamina K (pg) 19,3

Fonte: Talcott, 2007

Mirtilos contém os seguintes minerais: calcio, cobre, ferro, magnésio,
mangangés, fosforo, potassio, selénio, sddio e zinco (Ebadi, 2007). Potassio ¢ o mineral
mais abundante nas frutas e o encontrado em maior quantidade no mirtilo (77 mg),
normalmente em combinagdo com 4cidos organicos (Nile & Park, 2014). Altos
conteudos sdo normalmente associados com aumento na acidez e melhoria na cor das
frutas. Fosforo ¢ o segundo mineral em maior quantidade no mirtilo (12 mg),
aparecendo como um constituinte das proteinas citoplasmaticas e nucleares e
desempenhando um papel importante no metabolismo dos carboidratos e transferéncia
de energia. Calcio e magnésio encontram-se na mesma quantidade nesta fruta (6 mg).
Sendo o calcio um constituinte mineral associado principalmente com a parede celular e
o magnésio um componente das moléculas de clorofila (Kader & Barrett, 2005; Talcott,

2007).
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4 Compostos fendlicos

As pequenas frutas sdo fontes ricas em polifenois, especialmente flavonoides
(Figura 1) (Howard & Hager, 2007). O mirtilo ¢ particularmente rico em antocianinas,
flavonois e acido clorogénico (Moze et al., 2011). Skrede et al. (2000) encontraram 27
mg de acido clorogénico, 40 mg de flavondis glicosideos e 10 mg de procianidinas,
todos por 100g de mirtilo “highbush” fresco. No entanto, diferentes cultivares
apresentam diferencas significativas no teor total de compostos fenolicos (Moyer et al,
2002) e também na composi¢do individual dos mesmos (Pertuzatti et al., 2012). O grau
de maturacdo da fruta é outro fator significante nas diferencas encontradas no teor de
compostos fenolicos da fruta, Prior et al. (1998) constataram que os fenolicos totais
aumentaram com o aumento da maturag@o respectivamente, 169 e 113% nas cultivares
Brightwell e Tifblue, pertencentes ao grupo Rabbiteye. No entanto o contetido de
flavonois e acidos hidroxicindmicos diminui a medida que o fruto amadurece

(Castrejon, et al., 2008).
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Figura 1 Estrutura de alguns dos principais flavonoides encontrados no mirtilo. (a)
quercetina, (b) catequina, (c) miricetina, (d) epicatequina, (e) kaempferol, (f)
antocianidina; R1 e R2 na figura (f) podem ser H, OH ou OCH3 dependendo da
antocianidina.

Como pode ser visualizado na Tabela 4, os niveis de compostos fenolicos
totais em mirtilos Highbush, Lowbush, Rabbiteye e Southern Highbush em diversos
estudos variam de 118 a 461 mg/100 g de fruta fresca, 299 a 374 mg/100 g de fruta
fresca, 175 a 592 mg/100 g de fruta fresca, e 116 a 586 mg/100 g de fruta fresca,
respectivamente. Segundo Prior et al. (1998), o conteudo médio de fenodlicos totais no
mirtilo, em base seca, ¢ aproximadamente 2500 mg/100g sendo um dos mais altos entre

frutas e hortalicas.
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Tabela 4. Conteudo (mg/100g fruta fresca) de compostos fenolicos e antocianinas em

mirtilo
Espécie e cultivar TPH* ACY® Referéncia
Rabbiteye cv.Powderblue 816,9-876,5 108,1-128 1,2
Rabbiteye cv. Delite 750,5-791,4 72-109,5 1,2
Rabbiteye cv. Woodard 816,8 109,0 1
Rabbiteye cv. Brightwell 271,4-457,5  61,8-161,7 3
Rabbiteye cv. Bluebelle 858,5 70,2 2
Rabbiteye cv. Tifblue 361,1-409,3  87,4-154,2 3
Rabbiteye cv. Briteblue 814,2 117,6 2
Rabbiteye cv. Climax 230,8-612,6  90,8-217,5 2.3
Rabbiteye cv.Bluegem 717 242 4
Bilberry 525,0 299,6 3
Highbush cv.Bluecrop (N) 118-461 74-123 3,4,5,6,7
Highbush cv.Brigitta Blue (N) 246 103 4
Highbush cv.Duke (N) 274-305,9 127,4-278 3,45
Highbush cv. Rubel (N) 390,5-435 235,4-269 3,4
Highbush cv. Northsky (S) 175-471 89-164 5,6
Highbush cv. Northcountry (S) 175-592 131-220 5,6
Highbush cv. Summit (S) 211 73 4
Highbush cv. O’neal (S) 2273 92,6 3
Lowbush 299-374 91-255 3,8

TPH= fendlicos totais; ACY=antocianinas totais; (N)= Northern Highbush; (S)=
Southern Highbush; * = expresso em acido galico; > = expresso em cianidina-3-
glicosideo; 1 - Jacques et al.,2009; 2 - Pertuzatti et al., 2012; 3 - Prior et al., 1998; 4 -
Moyer et al., 2002; 5 - Connor et al., 2002; 6 - Taruscio et al., 2004; 7 - Milivojevic et
al., 2013; 8 - Kalt et al., 2001.

Polifendis de mirtilo s@o suceptiveis a perdas durante o processamento e
armazenamento. Perdas significantes de antocianinas e procianidinas foram observadas
durante o processamento de sucos (Skrede et al, 2000; Moraes et al., 2007; Brownmiller
et al., 2009; Howard et al., 2012), purés (Brownmiller et al., 2009) e geleias de mirtilo
(Howard et al., 2010). Moraes et al. (2007) observaram que as perdas ocorridas durante
o processamento de sucos geralmente sdo mais severas que em outros métodos de
preservacdo, devido a remocdo das sementes e da casca da fruta. J4 o processamento de
geleias resulta em perdas significativas de acido clorogénico, segundo Howard et al.

(2010) geleias de mirtilo com e sem adi¢do de agucar tiveram uma perda de 15 e 20%

de acido clorogénico, respectivamente.
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4.1 Acidos Fenolicos

Os acidos fenodlicos predominantes nas pequenas frutas sdo os acidos
hidroxibenzoicos ¢ hidroxicinamicos (Figura 2 ¢ Tabela 5), dos compostos fenolicos
analisados por Castrejon et al. (2008) os acidos hidroxicindmicos foram o principal
grupo encontrado em mirtilos em todos os estidios de maturagdo. Esta classe de
compostos € encontrada em todas as partes das plantas de mirtilo, incluindo mirtilo

europeu (“Bilberry”) (Riihinen et al., 2008).

R, R,
= COOH 2
Rs R, N . _ COOH
3 3
6 = 6
4 Ry 4

R 5 3 5

R, Ry

(a) (b)

Figura 2 Estrutura dos 4cidos fenolicos. (a) acido hidroxibenzoico, (b) acido
hidroxicindmico; 2,3,4,5 ¢ 6 encontram-se na Tabela 5.

Tabela 5. Padrao de substituicdo dos acidos fendlicos

Composto Numero das substitui¢des encontradas na estrutura da
Figura 2
2 3 4 5 6
Acidos Hidroxibenzoicos

acido salicilico OH H H H H
acido m-hidroxibenzoico H OH H H H
acido p-hidroxibenzoico H H OH H H
acido protocatecuico H OH OH H H
acido galico H OH OH OH H
acido vanilico H OCH; OH H H
acido siringico H OCH; OH OCH; H

Acidos hidrocinimicos
acido p-cumarico H H OH H H
acido cafeico H OH OH H H
acido feralico H OCHj; OH H H
Acido sinapico H OCHj OH OCHj H

Fonte: Beer et al., 2002
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Estes 4cidos raramente ocorrem como acidos livres, eles sdo comumente
encontrados na forma conjugada como ésteres e glicosideos. Em mirtilos, os acidos
hidroxibenzoicos: gentisico, galico, protocatecuico, salicilico, siringico e vanilico, estdo
presentes na forma livre, éster e glicosideo, com a forma éster e glicosideo do acido
sacilico predominante. Os acidos hidroxicindmicos, cafeico, m-cumarico, o-cumarico,
p-cumarico e ferulico, também estdo presentes na forma livre, éster e glicosideo com
acido sinapico e 3-4-dimetoxicinamico presentes na forma éster e glicosideo e acido
dihidroxicindmico na forma éster (Kader et al., 1996; Howard & Hager, 2007). Na
Tabela 6, podem ser visualizados os acidos fendlicos que ja foram encontrados em
mirtilos.

Tabela 6. Total de 4cidos fendlicos no mirtilo (mg/kg)

Acidos fenélicos Conteudo Referéncia
Gentisico 28.6 1
Galico 17,6 1
Elagico 14,0-44,0 2
p-hidroxibenzoico <1,0 3
o-pirocatecuico 0,26 1
Protocatecuico 214 1
Salicilico 91,8 1
Siringico 7,82 1
Vanilico 21,0 1
Veratrico 1,43 1
Clorogénico 227-1580 34
Cafeico 1,0-223,0 1,3,4,5
m-cumarico 89,1 1
o-cumarico 40,0 1
p-cumarico 2,0-143,2 1,4,5
3,4-dimetoxicinamico 136,3 1
Ferulico 2,0-53,5 3.4
2-Hidroxicafeico 136,1 1
p-hidroxifenil acético 3,08 1

1 - Zadernowski et al., 2005; 2 - Shen et al., 2014 ; 3 - Taruscio, Barney &
Exon, 2004 ; 4 - Yousefetal., 2013 ; 5 - Hakkinen e Torronen, 2000.

O é4cido clorogénico ¢ o 4acido hidroxicindmico predominante em mirtilos
(Wang et al., 2012; Rodriguez-Mateos et al., 2012), seu conteido nos grupos

“highbush”, “lowbush” e “southern highbush” varia de 22,7 mg/100g de fruta fresca até
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1,58 g/kg de fruta fresca (Taruscio, Barney & Exon, 2004; Yousef et al., 2013),
podendo representar até 96,5% dos acidos fenolicos presentes no mirtilo (Yousef et al.,
2013). No entanto, por ser um dos compostos fendlicos menos estaveis (Aaby, Grimmer
& Holtung, 2013), alguns trabalhos relatam que em residuos provenientes da elaboracao
de sucos existe uma grande degradacdo deste composto (Bener et al., 2013).

Além do 4acido clorogénico, derivados especificos do 4acido hidroxibenzoico e
hidroxicinamicos identificados no mirtilo incluem o acido neoclorogénico, acido 5-p-
cumaroilquinicos, acido 5-feruoilquinico, acido malonil-cafeoilquinico e os acidos B-D-
glicosideos de caféico, p-cumarico, fertlico, p-hidroxibenzoico, protocatecuico e galico
(Belitz & Grosch, 1997; Howard & Hager, 2007; Gavrilova et al., 2011).

De acordo com Zadernowski et al. (2005) o acido p-cumarico ¢ o acido
hidroxicinamico predominante na forma éster, excluindo o acido clorogénico que ndo
foi determinado no estudo por ser instavel a condicdes alcalinas, se degradando
rapidamente em 4cido cafeico, enquanto os dacidos 3,4-dimetoxicinamico e 2-
hidroxicafeico sdo os glicosideos predominantes. Acidos fenélicos encontram-se
principalmente nas formas glicosideos e ésteres, 56,7% e 40,7%, respectivamente,
enquanto que os acidos livres representam 2,6% no fruto.

4.2 Flavonois

Os flavondis mais comumente encontrados em mirtilo sdo, quercetina,
miricetina e kaempferol, geralmente estes compostos estdo presentes nas frutas na forma
de glicosideos, com um agucar ligado na posicdo C3. Glicose e galactose sdo os
aglicares mais comumente ligados, mas rutinose, xilose, arabinose ¢ ramnose também
sdo encontradas (Howard & Hager, 2007). De acordo com Howard ¢ Hager (2007)

catorze derivados de quercetina, incluindo compostos acilados com &cido cafeico e
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acético, ja foram encontrados no mirtilo, juntamente com quatro derivados de miricetina
e dois de kaempferol.

Mirtilo contém niveis mais elevados de flavonois que morangos e framboesas,
seu teor de quercetina varia entre 1,7 e 4,7 mg/ 100g de fruta fresca enquanto a
miricetina apresenta uma variacao entre 0,8 e 1,8 mg/ 100g de fruta fresca (Howard &
Hager, 2007). Os derivados de quercetina sdo os flavono6is dominantes em mirtilo,
destes a quercetina 3-galactosideo apresenta-se como majoritaria no fruto, mas alguns
genotipos contém quantidades apreciaveis de quercetina 3-ramnosideo (Cho et al., 2004;
Gavrilova et al., 2011). Segundo Johnson e Arjmandi, (2013), estudos examinaram o
potencial de misturas de suco de mirtilo e maga, ricas em quercetina, em proteger contra
a indugdo de danos oxidativos a0 DNA em humanos, em um destes estudos (Wilms et
al., 2007) os voluntérios consumiam um litro de suco por dia (97 mg de quercetina),
durante quatro semanas e os resultados demonstraram um aumento na concentragio de
quercetina no plasma e 20% de redugdo dos danos oxidativos ao DNA induzidos por
H,0; ex vivo.

Os flavondis quercetina e miricetina sdo encontrados principalmente na casca
da fruta (Riihinen et al., 2008; Pertuzatti et al., 2012). As folhas de mirtilos europeus e
americanos sdo constituidas principalmente de quercetina e kaempferol em quantidades
tao elevadas que fazem com que principalmente as folhas do mirtilo europeu sejam uma
otima fonte para a extragdo de flavonois para utilizagdo em cosméticos (Riihinen et al.,
2008). A presenca dos flavonois principalmente nas cascas e folhas dos frutos se deve
ao fato da radiacdo solar aumentar a sua produgdo, o que sugere que estes compostos
sejam fotoprotetores (Jaakola et al., 2004). Na Tabela 7, estdo apresentados os

flavondis que ja foram identificados em mirtilo.
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Tabela 7. Composicdo de flavondis em mirtilo

Flavonol Referéncias

1 2 3 4 5

Miricetina-3-arabinosideo v v
Miricetina-3-galactosideo
Miricetina-3-glicosideo
Miricetina 3-ramnosideo

Quercetina-3-galactosideo

AN N N NN

Quercetina-3-glicosideo

Quercetina-diglicosideo

D N N NN

Quercetina-3-rutinosideo v

Quercetina-3-ramnosideo v

AN

Quercetina-3-arabinosideo
Quercetina-3-acetilglicosideo v
Quercetina-3-acetilramnosideo v
Kaempferol-3- glucoronideo v
Kaempferol-3-glicosideo v v v
Rutina
Laricitrina-3-glicosideo

Siringetina-3-glicosideo

<

1 - Cho et al., 2004; 2 - Wang et al., 2008; 3 - Wang et al., 2009; 4 - Kader et al., 1996;
5 - Borges et al., 2010; 6 - Gavrilova et al., 2011.

De acordo com Kader et al. (1996), muitas vezes o kaempferol ndo ¢
encontrado no mirtilo, no entanto diferencas nas variedades (Howard e Hager, 2007;
Pertuzatti, 2009), no estadio de maturagdo, e em fatores climaticos e agrondomicos, como
nutrientes do solo, sdo responsaveis por mudangas na composicdo de flavondis nas

frutas.
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4.3 Elagitaninos

Ao contrario da framboesa, morango e amora, mirtilos ndo contém elagitaninos
nem outros derivados do acido elagico. Os niveis de acido elagico total no mirtilo apds
a hidrdlise acida sdo de menos de 5 mg/100g de fruta fresca (Howard & Hager, 2007).

4.4 Proantocianidinas

Proantocianidinas, também chamadas de taninos condensados, estdo presentes
em uma ampla variedade de alimentos e podem ser divididas em duas principais classes
que incluem as procianidinas, misturas de oligdbmeros e polimeros compostas por
unidades de (+)-catequinas e/ou (-)-epicatequinas ¢ as propelargonidinas, compostas
exclusivamente por unidades de epiafzelequina (Appeldoorn et al., 2009). No entanto,
mirtilos possuem exclusivamente procianidinas, que sdo consideradas um dos principais
compostos fendlicos presentes na polpa da fruta (Howard & Hager, 2007; Riihinen et
al., 2008). Esses compostos, sdo classificados de acordo com o seu grau de
polimerizacdo (DP), DP = 1 indica um mondmero, enquanto DP = 2-10 e DP > 10
referem-se a oligdmeros e polimeros, respectivamente (Gu et al., 2002).

As unidades monoméricas das procianidinas estdo ligadas através de uma
ligagdo C4-C8 ou C4-C6 (tipo B) e podem coexistir com uma ligagdo C2-O-C7 ou,
menos frequentemente, C2-O-C5 (tipo A) (Appeldoorn et al., 2009). Destas, Hwang et
al. (2014) encontraram 300 mg de procianidina B1/100g fruta fresca em extratos de
mirtilo, conteudo este considerado bastante inferior ao encontrado para a aronia (4ronia
melanocarpa), outra fruta analisada no trabalho (2,5 g/100g fruta fresca) e conhecida
por sua elevada adstringéncia.

Os niveis de procianidinas em mirtilos de variedades do grupo Highbush e
Lowbush, muitas vezes sdo considerados similares, podendo variar entre 33-180

mg/100 de fruta fresca para o grupo Highbush e 57-332 mg/100 de fruta fresca no grupo
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Lowbush (Howard & Hager, 2007; Rodriguez-Mateos et al., 2012). Dimeros de
flavondis representam os flavondis majoritarios presentes no mirtilo, aproximadamente
24% dos flavondis, enquanto hexameros, mondmeros € heptdmeros apresentam um
porcentagem média de 12,6, 11,2 e 11% respectivamente (Rodriguez-Mateos et al.,
2012). As procianidinas poliméricas de mirtilos Lowbush foram caracterizadas por Gu
et al (2002), e estes autores relatam que seu grau de polimerizagdo varia de 20-114, com
epicatequina representando 100% das unidades de extensdo e catequina e epicatequina
representando 67% e 33% das unidades terminais, respectivamente.

Segundo Eskin e Snait (2006) um ntmero das fragdes de proantocianidinas
foram recentemente separadas a partir de extratos de mirtilo. Destas, apenas os
oligdbmeros de proantocianidinas de elevada massa molecular exibiram propriedades
antiproliferativas e  antiadesdo. Por exemplo, duas fragdes compostas
predominantemente de quatro a oito oligdmeros de proantocianidinas ligados com grau
médio de polimerizagdo de 3,25 e 5,65 preveniram adesdo do organismo responsavel
por infec¢des urinarias, Escherichia coli. Entretanto somente a fragdo deste ultimo
apresentou atividade antiproliferativa contra o cancer de prostata humana e em células
cancerosas do figado de ratos.

4.5 Antocianinas

Antocianinas sdo o subgrupo dos flavonoides, mais amplamente distribuido na
natureza, sendo especialmente abundantes em pequenas frutas, vermelhas, roxas e azuis,
dentre elas o mirtilo, onde s@o os principais compostos fenolicos encontrados (Figura 3
¢ Tabela 8) (Nile & Park, 2014). Esses pigmentos estdo presentes tanto na casca quanto
na polpa do mirtilo europeu e apenas na casca dos demais tipos de mirtilo, devido a isto
o conteudo de antocianinas no mirtilo europeu ¢ superior aos demais, o que faz com que

ele seja considerado uma das melhores fontes de antocianinas (Riihinen et al., 2008).
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Perfis cromatograficos tem mostrado que as antocianinas correspondem de 35 — 74%
dos compostos fenolicos no mirtilo (Gavrilova et al., 2011). Ao se comparar diferentes
tipos de mirtilo, estudos indicam que mirtilos do grupo Rabbiteye apresentam maiores
quantidades de antocianinas que mirtilos Highbush, Southern Highbush e Lowbush

(Howard & Hager, 2007 )

Figura 3. Estrutura quimica das antocianinas e antocianidinas. Os radicais encontram-se
na Tabela 8, com suas identificagdes.
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Tabela 8. Grupamentos ligados aos radicais para formac¢do de antocianinas e
antocianidinas

Composto Radicais encontrados na estrutura da Figura 3
R1 R2 R3 R4 R5
Antocianinas
pelargonidina-3,5-di-O-glicosideo H H H glicosideo glicose
pelargonidina-3-O-rutinosideo H H H rutinosideo H
delfinidina -3-O-glicosideo OH H OH glicosideo H
delfinidina -3-O-rutinosideo OH H OH rutinosideo H
delfinidina -3,5-di-O-glicosideo OH H OH glicosideo glicose
delfinidina -3-O-sambubiosideo OH H OH sambubiose H
delfinidina-3-O-ramnosideo OH H OH ramnosideo H
malvidina-3-O-glicosideo OCHs; H OCH; glicosideo H
malvidina-3,5-di-O-glicosideo OCH; H OCH; glicosideo glicose
malvidina-3-O-galactosideo OCHs; H OCH;3; galactosideo H
cianidina -3-O-glicosideo OH H H glicosideo H
cianidina -3-O-rutinosideo OH H H rutinosideo H
cianidina -3,5-di-O-glicosideo OH H H glicosideo glicose
cianidina -3-O-soforosideo OH H H soforosideo H
cianidina -3-O-arabinosideo OH H H arabinosideo H
cianidina -3-O-ramnosideo OH H H ramnosideo H
cianidina -3-O-galactosideo OH H H galactosideo H
cianidina -3-O-sambubiosideo OH H H sambubiose H
cianidina -3-O-latirosideo OH H H latirosideo H
Antocianidinas
Pelargonidina H H H H H
Cianidina OH H H H H
Delfinidina OH H OH H H
Petunidina OCH; H OH H H
Malvidina OCH; H OCH; H H
Peonidina OCH; H H H H

Fonte: Srovnalova et al., 2014
De acordo com a Tabela 4 o total de antocianinas em mirtilos Highbush,
Lowbush, Rabbiteye e Southern highbush varia entre 74 a 278 mg/100 g de fruta fresca,
91 a 255 mg/100 g de fruta fresca, 62 a 242 mg/100 g de fruta fresca, e 73 a 220 mg/100
g de fruta fresca, respectivamente. Outro fator relacionado com a quantidade de
antocianinas no fruto ¢ o tamanho do mesmo, muitos estudos verificaram que quanto
menor ¢ o mirtilo maior é a quantidade de antocianinas que ele apresenta (Gao &

Mazza, 1994; Moyer et al.,2002).
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Antocianidinas sdo muito instaveis e raramente sdo encontradas em sua forma
livre dentro dos tecidos das plantas (Giusti & Jing, 2007; Howard & Hager, 2007).
Antocianidinas ocorrem principalmente na forma glicosilada (antocianinas), pois a
substituicdo do acticar aumenta a sua estabilidade e solubilidade (Giusti & Jing, 2007).
Devido a diversidade de monoglicosideos e a acilagdo com acidos alifaticos como o
acido acético e maldnico, muitas antocianinas ja foram identificadas nos diferentes
grupos de mirtilo (Tabela 9). Em extratos de mirtilo Highbush, 15 antocianinas néo-
aciladas e 5 antocianinas aciladas foram identificadas (Ma et al., 2013; Yousef et al,,
2013), ja em mirtilo Rabbiteye nenhuma antocianina acilada foi encontrada e 14
antocianinas ndo-aciladas foram identificadas (Sun et al., 2012). Com relagdo a
cultivares de mirtilo do grupo Lowbush, 25 antocianinas individuais (11 aciladas) foram

reportadas (Gao & Mazza, 1994).

Tabela 9. Composi¢do de antocianinas em mirtilo

(continua)
Antocianinas Referéncias
1 2 3 4 5 6 7

Delfinidina 3-galactosideo v A A A R
Delfinidina 3-glicosideo v v v v v v v
Delfinidina 3-arabinosideo v v v v v v Vv
Cianidina 3-galactosideo v v v v v v v
Cianidina 3-glicosideo 4 v v v v
Cianidina 3-arabinosideo v v v v v
Petunidina 3-galactosideo v v v v v
Petunidina 3-glicosideo 4 v v v v
Petunidina 3-arabinosideo v v v v Vv
Peonidina 3-galactosideo v v v v v v
Peonidina 3-glicosideo v
Peonidina 3-arabinosideo v v v v
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Tabela 9. Composi¢do de antocianinas em mirtilo
(continuacdo)

Malvidina 3-galactosideo v v v v v

AN
A

Malvidina 3-glicosideo v

Malvidina 3-arabinosideo v
Delfinidina 3-(acetil)galactosideo

Delfinidina 3-(6"-acetil)glicosideo v

AN N N RN
L X X X
AN
AN
AN

Delfinidina 3-(malonil)glicosideo

AN

Cianidina 3-(6"-acetil)galactosideo

<
AN

Cianidina 3-(6"-acetil)glicosideo

Cianidina 3-(acetil)arabinosideo v

Cianidina 3-(malonil)glicosideo v

Petunidina 3-(acetil)galactosideo v
Petunidina 3-(6”-acetil)glicosideo v v

Petunidina + pentose

Peonidina 3-(6”-acetil)galactosideo

Peonidina 3-(6"-acetil)glicosideo

Malvidina 3-(6-acetil)galactosideo

AR NERN

Malvidina 3-(6”-acetil)glicosideo v

RN NN N NN

Malvidina 3-(malonil)glicosideo

Malvidina + acetil + hexose v

v

1 - Cho et al., 2004; 2 - Gao e Mazza, 1994; 3 - Skrede et al., 2000; 4 - Wu et al.,
2006; 5 - Wang et al., 2008; 6 - Wang et al., 2009; 7 - Borges et al., 2010; 8 - Ma
etal., 2013

De acordo com Cho et al., (2004) a porcentagem de distribui¢do de
antocianinas monoméricas em cinco genotipos de mirtilo pertencentes aos grupos
Highbush, Southern Highbush e Rabbiteye foi delfinidina (27% a 40%), malvidina
(22% a 33%), petunidina (19% a 26%), cianidina (6% a 14%) e peonidina (1% a 5%),
com relagdo a porcentagem de distribui¢do de antocianinas glicosiladas, predominam
galactosideos no mirtilo, 60 a 67%, seguidos por arabinosideos (26 a 32%) e glicosideos

(2 229%).
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Em diversos estudos realizados, as antocianinas tem demonstrado possiveis
beneficios a satide humana, por apresentar atividade anti-inflamatéria (Krikorian et al.,
2010), anticarcinogénica (Seeram et al., 2006; Giusti & Jing, 2007) e antimutagénica, a
qual é capaz de bloquear o metabolismo celular do cancer ou matar as células
cancerigenas (Smith et al., 2004; Nile & Park, 2014). Outro beneficio associado ao
consumo de antocianinas, estd relacionado com efeito antidiabetes. Roopchand et al.
(2013) observaram que ratos alimentados por doze semanas com farinha de soja
enriquecida com antocianinas extraidas de suco de mirtilo, ao receberem uma dieta
correspondente a 4,4 mg de antocianinas por dia, diminuiram os niveis de glicose no
sangue, reduziram o colesterol e apresentaram redu¢do no ganho de peso, demonstrando
efeitos positivos em uma dieta para diabéticos.

Extratos de antocianinas obtidos de trés cultivares de mirtilo Rabbiteye
(Briteblue, Tifblue, Powderblue) apresentam elevados efeitos antiproliferativos em dois
tipos de linhagens celulares de carcinoma colorretal humano (HT-29 e Caco-2), quando
comparados com outros trés extratos fenolicos (acidos fenolicos, taninos e flavondis)
obtidos das mesmas frutas (Yi et al., 2005). Ja extratos de mirtilo europeu sdo mais
eficientes na inibicdo do crescimento de linhagens celulares de leucemia promielocitica
aguda (HL60) e linhagens celulares de carcinoma colorretal humano (HCT116)
(Katsube et al., 2003).

O consumo de mirtilo europeu também tem sido associado, ha muitos anos,
com beneficios aos olhos por melhorar a visdo noturna e no tratamento de glaucoma e
retinopatia, ja4 que as antocianinas deste fruto sdo responsaveis por regenerar os
pigmentos da retina, aumentar a circulacdo dentro dos capilares da retina e proteger os
olhos da luz ultravioleta (Camire, 2002). Segundo Giusti e Jing (2007) extratos

antocidnicos de mirtilo tem sido comercializados como suplementos dietéticos. Na
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Europa, extratos de mirtilo (bilberry), tem sido receitados para a visdo, especialmente
visdo noturna, este beneficio também ¢ a principal razdo para a popularidade do produto
no Japdo e Coréia, onde ¢ usado para aliviar a fadiga ocular induzida pelo uso excessivo
de computadores (Camire, 2002).

Outra utilizagdo das antocianinas de mirtilo europeu como suplemento esta
relacionada com beneficios para a circulagdo, enquanto suplementos dos demais grupos
de mirtilo sdo utilizados para manter o trato urindrio saudavel e melhorar as fungdes
cerebrais (Giusti & Jing, 2007). Krikorian et al. (2010) investigaram a relagdo entre a
suplementagdo com mirtilo e as melhorias na memoria de idosos com idade média de 76
anos, e constataram que o consumo didrio de suco de mirtilo pode conferir beneficios
neurocognitivos, pois as antocianinas estdo associadas com o aumento da sinalizagdo
neuronal dos centros cerebrais.

5 Carotenoides

Carotenoides ¢ uma classe de pigmentos presentes em mirtilo. De acordo com
Jacques et al. (2009) e Pertuzatti et al. (2012), suas concentracdes variam de 0,3 a 10,8
pg/g de fruta fresca, sendo encontrados em maior quantidade na casca do que na polpa
da fruta. J4 em mirtilos europeus o contetdo de carotenoides pode chegar a 37 pg/g de
fruta fresca (Heinonen et al., 1989). Embora estas concentragdes sejam baixas quando
comparadas com outras frutas ricas em carotenoides, a sua presenca indica a diversidade
de fitoquimicos presentes nesta fruta além de contribuir como um precursor do aroma,
ao serem convertidos em norisoprenoides, compostos identificados como responsaveis
pelo aroma das uvas (Talcott, 2007; Jimenez-Garcia et al., 2013).

Na literatura dados sobre o contetido de carotenoides em berries sao limitados.
Heinonen et al. (1989) encontraram luteina+zeaxantina, B-criptoxantina, a-caroteno e -

caroteno no mirtilo e Marinova e Ribarova (2007) encontraram luteina, zeaxantina, [3-
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criptoxantina e B-caroteno, e constataram que ndo havia presenca de a-caroteno porque
durante o amadurecimento da fruta ocorre a hidroxila¢do deste carotenoide e entdo ele é
convertido em luteina, o qual juntamente com p-criptoxantina e B-caroteno sdo o0s
carotenoides majoritarios no mirtilo (Marinova e Ribarova, 2007; Bunea et al., 2012;
Pertuzatti et al., 2012). Com relacdo ao mirtilo europeu, seis carotenoides foram
encontrados, sendo eles, neoxantina, violaxantina, anteraxantina, luteina, zeaxantina e

B-caroteno (Lashmanova, Kuzivanova & Dymova, 2012).

6 Capacidade antioxidante

Devido ao elevado conteido de fitoquimicos presentes no mirtilo, muitos
estudos sobre a capacidade antioxidante destes compostos comegaram a ser realizados,
Prior et al. (1998) realizaram um dos primeiros estudos sobre capacidade antioxidante
desta fruta, neste trabalho os autores utilizaram mirtilos Rabbiteye, Highbush, Southern
Highbush e Lowbush de diferentes regides dos Estados Unidos além de mirtilo
Europeu (Bilberry), para verificar o quanto compostos fenolicos, conteudo de
antocianinas, conteudo de vitamina C, grau de maturidade e¢ variedade de espécies
influenciavam na capacidade antioxidante desta fruta, e dentre suas constatagdes
observaram que o mirtilo, quando comparado com outras frutas, era a fruta fresca com
mais alta capacidade antioxidante (quando utilizado o método de ORAC). No entanto,
também observaram que existe muita variacdo na capacidade antioxidante devido a
diferenga entre espécies de mirtilo (13,9 a 45,9 umol de equivalente trolox/g de fruta
fresca) isso ocorre principalmente devido as variagdes no teor de antocianinas e demais
compostos fenolicos na fruta.

Prior et al. (1998) também reportaram que os valores de ORAC aumentaram

com o aumento do grau de maturagdo dos frutos e que isto ocorria porque existe uma
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correlacdo linear entre a capacidade antioxidante e contetido de antocianinas (r,=0,77)
ou fendlicos totais (1,=0,92) e a medida que o fruto amadurecia, seu teor de compostos
fenolicos totais e contetido de antocianinas aumentava.

No entanto, a capacidade antioxidante dos frutos também varia de acordo com
o método analitico utilizado para a determinacdo. Garcia-Alonso et al. (2004) ao
avaliarem a capacidade antioxidante de vinte e oito frutas da Espanha observaram que o
mirtilo obteve a quinta maior capacidade antioxidante (morango > framboesa > cereja >
amora > mirtilo) quando utilizado o método que determina a inibicdo da peroxidagao
lipidica (TBARS do inglés, substancias reativas ao acido tiobartitirico) e a mesma fruta
obteve a terceira maior capacidade antioxidante, valores inferiores apenas ao caqui e a
amora, quando utilizado o método de varredura do cation radical 2,2’-azinobis (3-ethyl-
benzothiazoline-6-sulphonate) (ABTS™) que segundo Rice-Evans et al., (1995) tem
como os principais compostos fenolicos responsaveis no extrato aquoso: quercetina >
cianidina > catequina.

Quando utilizado o método que avalia o poder de redugdo do ferro (FRAP),
Borges et al., (2010) constataram que o mirtilo obteve a segunda maior capacidade
antioxidante (cassis > mirtilo > framboesa > groselha > “cranberry”), que variou de 18,5
a 161,4 pmol de Fez+/g de fruta fresca (Moyer et al., 2002; Taruscio et al., 2004), esta
grande amplitude de resultados ocorre devido a um variado niimero de fatores, como

cultivar, grau de maturacao, época e condi¢des de armazenamento (Borges et al., 2010).
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Tabela 10. Capacidade antioxidante de compostos fenolicos e vitamina C em mirtilos

Composto Quantidade (nmol/g) CA (nmol de
Trolox/g)
Vitamina C 115+4 Nd
Delfinidina 3-galactosideo 729 + 64 1135+ 44
Delfinidina 3-glicosideo 67+1 61+2
Cianidina 3-galactosideo + 590+ 5 860 + 39
Delfinidina 3-arabinosideo
Cianidina 3-arabinosideo 119+4 142 +4
Petunidina 3-galactosideo 402 £ 35 680 =41
Petunidina 3-arabinosideo Peonidina 282+ 19 421 £ 42
3-galactosideo
Peonidina 3-arabinosideo 96 £5 25+1
Malvidina 3-galactosideo 996 + 100 654 + 96
Malvidina 3-glicosideo + 212+ 8 90 £ 19
Delfinidina 3-(6”-acetil)glicosideo
Malvidina 3-arabinosideo 888 + 77 510 =33
Petunidina 3-(6-acetil)glicosideo 81=x6 164 £ 4
Malvidina 3-(6”-acetil)glicosideo 348 £ 15 832
Miricetina 3-galactosideo 114 £11 -
Quercetina diglicosideo + 16 £3 239+ 1
acido S-feruloilquinico
Quercetina 3-rutinosideo 31+1 18+2
Quercetina 3-galactosideo 368 + 36 303+ 17
Quercetina 3-glicosideo 155+ 15 144+ 6
Quercetina 3-arabnosideo + 75+2,3 45+2

Quercetina 3-(6”acetil)glicosideo

CA= capacidade antioxidante
Fonte: Borges et al., 2010

Na Tabela 10 esta apresentada uma analise de capacidade antioxidante “on
line” detectada por HPLC, realizada por Borges et al. (2010), neste trabalho os autores
constataram que o baixo nivel de vitamina C na fruta, ndo contribui para a sua
capacidade antioxidante, a qual ¢ devido principalmente a alta quantidade de
antocianina presente na fruta, responsaveis por 84% da capacidade antioxidante do
mirtilo. Dentre as antocianinas presentes no mirtilo Borges et al. (2010) verificaram que
as principais responsaveis pela capacidade antioxidante sdo delfinidina 3-galactosideo
(20,4% =+ 0,8), cianidina 3-galactosideo+ delfinidina 3-arabinosideo (15,4% =+ 0,7),

petunidina 3-galactosideo (12,2% + 0,7) e malvidina 3-galactosideo (11,7% + 1,7).
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Em outro estudo as propriedades antioxidantes de antocianinas de mirtilo
foram analisadas in vitro e in vivo utilizando células vermelhas do sangue (CVS)
resistentes a espécies reativas de oxigénio (ERO) como modelo. A incubagdo in vitro
com antocianinas e dacidos hidroxicindmicos (0,5 e 0,05 mg/mL) aumentou
significativamente a resisténcia das CVS e a produgdo induzida de ERO’S. Um efeito
protetor similar também foi observado in vivo através da suplementacdo oral de ratos
com 100 mg/ml. Apenas o grupo alimentado com antocianinas teve uma prote¢do
significativa em 6 e 24h pds suplementacdo, mas isto ndo foi consistente com as
medigdes de niveis plasmaticos de antocianinas. De fato, as concentragdes plasmaticas
foram maiores apds 1h, diminuindo consideravelmente apds 6h e ndo sendo detectadas
apos 24h. A diferenca na absorg¢do entre antocianinas e¢ acidos hidroxicinamicos
provavelmente contribuiu para as diferencas observadas na capacidade de protecdo das
CVS. Essa protegdo representa um papel positivo apos o consumo de mirtilo contra a

formagdo de ERO’s nas células vermelhas do sangue in vivo (Youdim et al., 2000).
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ABSTRACT

Hydrophilic and lipophilic extracts of ten cultivars of Highbush and Rabbiteye Brazilian
blueberries (Vaccinium corymbosum L. and Vaccinium ashei Reade, respectively) that
are used for commercial production were analysed for antioxidant activity by the FRAP,
ORAC, ABTS and p-carotene-linoleate methods. Results were correlated to the
amounts of carotenoids, total phenolics and anthocyanins. Brazilian blueberries had
relatively high concentration of total phenolics (1622-3457 mg gallic acid equivalents
per 100 g DW) and total anthocyanins (140-318 mg cyanidin-3-glucoside equivalents
per 100 g DW), as well as being a good source of carotenoids. There was a higher
positive correlation between the amounts of these compounds and the antioxidant
activity of hydrophilic compared to lipophilic extracts. There were also significant
differences in the level of bioactive compounds and antioxidant activities between
different cultivars, production location and year of cultivation.

Keywords: Phenolics, Anthocyanins, Carotenoids, Blueberry, Principal Component

Analysis
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1 INTRODUCTION

Blueberries are one of the most widely consumed fruits in the world, so many
studies have been done on their properties. The work Prior et al. (1998) is of special
interest. They reported that blueberries had the highest antioxidant activity of any of the
42 fruits and vegetables that they evaluated. However, most of the research has focused
on the phenolic compounds, flavonoids and anthocyanins, which are the major pigments
in blueberries (Moyer, Hummer, Finn, Frei & Wrolstad, 2002; Wang, Chen, Camp &
Ehlenfeldt, 2012). Moreover, blueberries are widely cultivated in North America, but
can only be harvested during the summer. In contrast, they are not yet as widely
cultivated in Brazil, even though they can potentially be grown in all seasons (Pertuzatti
et al., 2012). Moreover, some tropical blueberries have higher antioxidant contents than
cultivars that are grown in temperate climates (Dastmalchi, Flores, Petrova, Pedraza-
Penalosa & Kennedy, 2011). So, there is special interest in being able to grow and
export Brazilian blueberries, especially from October through May, which is between
the harvest season in the USA, Canada and Europe, where the demand is huge.

Pertuzatti et al. (2012) found small amounts of carotenoids and ascorbic acid,
along with elevated levels of tocopherols in the fruits, which was also reported by others
(Barcia, Jacques, Pertuzatti, & Zambiazi, 2010). So, compounds other than phenolics
can affect the antioxidant activity of blueberries. Due to this, the objective of this study
was to analyse hydrophilic and lipophilic extracts of ten blueberry Brazilian cultivars

used in commercial production for antioxidant activity by four different methods.
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2 MATERIALS AND METHODS
2.1 Chemicals and Reagents

The chemicals, 2,2’-azinobis (3-ethyl-benzothiazoline-6-sulphonate) (ABTS,
99%), PB-carotene, 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ, 99%), gallic acid (97.5-
102.5%), (+)-6-hidroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox®, 97%),
2,2’-azobis (2-amidino-propane) dihydrochloride (AAPH) and fluorescein disodium
were purchased from Sigma-Aldrich (Steinheim, Germany), linoleic acid was obtained
from Fluka (Deisenhofen, Germany).

2.2 Sample

Seventeen samples (Table 1.1) from 10 blueberry cultivars in two harvests,
2010/2011 and 2011/2012 were cut in half, frozen and lyophilized in a Terroni Freeze-
dryer, model LS-3000E, Sao Paulo, Brazil. Liquid nitrogen was added to them, and they
were crushed. Then they were placed in aluminum bags, evacuated and stored at -20°C
until analysed.

Table 1.1 Cultivars, species and producers of Brazilian blueberries, with their
respective cities.

Cultivar Specie Producer Cities
Elliot Highbush 1 Campestre da Serra (28° 47’ S, 51° 05’ W)
Florida Rabbiteye 2 Vacaria (28° 30° S, 50° 56° W)
Bluecrop Highbush 2 Vacaria (28° 30’ S, 50° 56* W)
Elliot Highbush 2 Vacaria (28° 30° S, 50° 56* W)
Climax Rabbiteye 2 Vacaria (28° 30° S, 50° 56° W)
Powderblue Rabbiteye 2 Vacaria (28° 30’ S, 50° 56° W)
Bluegem Rabbiteye 2 Vacaria (28° 30° S, 50° 56° W)
Coville Highbush 2 Vacaria (28° 30’ S, 50° 56° W)
Powderblue Rabbiteye 3 Erechim (27° 38’ §,52° 16> W)
Briteblue Rabbiteye 3 Erechim (27° 38* S,52° 16* W)
Woodard Rabbiteye 3 Erechim (27° 38” S§,52° 16 W)
Florida Rabbiteye 3 Erechim (27° 38’ S,52° 16° W)
Climax Rabbiteye 3 Erechim (27° 38’ S,52° 16° W)
Bluegem Rabbiteye 3 Erechim (27° 38’ §5,52° 16’ W)
Elliot Highbush 4 Vacaria (28° 30’ S, 50° 56’ W)
Darrow Highbush 4 Vacaria (28° 30’ S, 50° 56’ W)
Bluecrop Highbush 4 Vacaria (28° 30’ S, 50° 56° W)
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2.3 Preparation of extracts

The lipophilic extract was prepared by a slight modification of the method
described by Rodriguez-Amaya (2001). That is, 15 mL of acetone + 7 g of lyophilized
sample was sonicated for 10 mins in an Ultrasound SX-20 (Arruda, Ultra-Sons LTDA,
Brazil) and filtered. This was repeated three times and the filtrates combined. This was
partitioned between petroleum ether and water. The petroleum ether phase was taken as
the lipophilic fraction and analysed immediately, to prevent any decomposition of the
analytes. The hydrophilic extract was prepared by the method of Bochi et al. (2014),
adding extraction solution consisting of 50 mL of 0.35:20:80 formic acid/acetone/water
(v/v/v) to 250 mg of lyophilized product, followed by stirring for 20 mins. The mixture
was filtered and the filtrate collected and another 50 mL extraction solution was added,
followed by filtration. The filtrates were combined.

A UV-Vis 1600 spectrophotometer from Shanghai Mapada Instruments was
used to measure UV-Vis absorbances.

2.4 Determination of Total Phenolics (TPH)

The concentrations of phenolic compounds were determined by the method of
Singleton, Orthofer & Lamuela-Raventos (1999). That is, aliquots of the hydrophilic
extract were added to 2.5 mL of a solution of the Folin-Ciocalteu reagent (diluted 1:10
in water). After 5 mins, 2.0 mL of 7.5% Na,COs; were added. After 2 hrs the absorbance
at 760 nm was read. A calibration curve was constructed using gallic acid and results
were expressed as mg of gallic acid equivalents per 100 g of sample (mg GAE/100 g).

2.5 Determination of Total Anthocyanins (ACY)

Anthocyanins in the hydrophilic extracts were quantified by the pH differential
method of Giusti & Wrolstad (2001) by measuring absorbances at 520 and 700 nm. The

molar extinction coefficient and molecular weight of cyanidin-3-glucoside (CYD-3-G)
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were used (26900 M'em™ and 449.2 g/mol), so results were expressed as mg CYD-3-G
per 100 g dry weight (mg CYD-3-G/100 g DW).

2.6 Determination of Total Carotenoids

Total carotenoids in lipophilic extracts were determined by the method of
Rodriguez-Amaya (2001) by measuring the absorbance at 450 nm. The results were
expressed as pg of carotenoids per g of dry weight (ug B-carotene/g DW), using the
molar extinction coefficient of B-carotene in petroleum ether (2592 M'em™).

2.7 Determination of the antioxidant activity
2.7.1 Ferric Reducing Antioxidant Power (FRAP)

The reduction of ferric tripyridyltriazine (Fe"-TPTZ) was measured by the
method of Benzie & Strain (1996), in which the absorbance at 593 nm was measured.
Results were expressed as Trolox equivalents per gram of dry weight, TE/g DW.

2.7.2 Free radical capture ABTS
This was done as described by Re et al. (1999). A stock solution of 7 mM

ABTS in 2.45 mM potassium sulphate was stored refrigerated and in the dark. Prior to
doing the analyses, this was diluted in ethanol until the absorbance at 734 nm was 0.70
+ 0.02. For the analysis of the lipophilic extract, this was dried under a stream of
nitrogen gas, and then re-suspended in isopropanol/acetonitrile 1:1 (v/v). Next, 30 puL of
the hydrophilic or lipophilic extract of the sample was added to a test tube, along with 3
mL of dilute ABTS solution. After being incubated for 25 mins at 30 °C, the absorbance
was read and compared to that of Trolox. Results were expressed as Trolox equivalents
per g of dry weight, or TE/g DW.

2.7.3 Oxygen Radical Absorbance Capacity (ORAC)

The method of Davalos, Gémez-Cordovéz & Bartolomé (2004) was used to
measure the ORAC values of hydrophilic extracts. That is, 20 puL of the hydrophilic

extract was diluted 8-fold with the extraction solution, then placed on microplates,
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along with 120 pL of fluorescein (0.387 mg/L) and 60 pL of AAPH (0.108 g/L). The
plates were incubated in an automated microplate reader (BMG Labtech) at 37°C and
read every min for 80 mins using a fluorescence detector with an excitation wavelength
of 485 nm and emission at 520 nm. A calibration curve was prepared using Trolox and
the results were expressed as Trolox equivalents per g of dry fruit, or (TE)/g DW.

A modification of the method of Davalos et al. (2004) was used to determine
the ORAC values of lipophilic extracts. The lipophilic extract was dried and then
dissolved in 250 pL of acetone and diluted with 750 pL of 7% (v/v) PB-
methylcyclodextrin (1:1 acetone/water, v/v). This same solution was used as a blank
and to dissolve the Trolox standard. Next, 20 ul. of the extract was added to
microplates, along with 120 pL of fluorescein (0.387 mg/L) and 60 puL of AAPH (0.108
g/L). The fluorescence was read, as described for the lipophilic extracts.

2.7.4 B-carotene/linoleic acid model system

The method of Marco (1968) was used with modifications. First, an emulsion
was prepared by adding 300 pL of a solution of B-carotene in chloroform (1 mg/mL), 22
pL of linoleic acid and 200 pL of Tween 40. Next, the chloroform was evaporated off
and distilled water was added until the absorbance at 470 nm was between 0.6 and 0.7.
Then, 10 pL of extract and 250 pL of the emulsion were placed on the microplate at 45
°C and the absorbance at 470 nm was read every 5 mins for 120 mins. The results were
expressed as percentage of inhibition of oxidation.

2.8 Statistical analysis

Data analysis was carried out with ANOVA and Tukey’ test focusing on
significant differences in means. Correlations among data obtained were calculated
using Pearson’s correlation coefficient (r). Statistic 7.0 software programme was

employed with significance level between mean differences at 5% (p < 0.05). Principal
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component analysis (PCA) was done using the Pirouette 3.11 program. Data were auto-
scaled before doing PCA. All analyses were made in triplicates and the results were

given as means.

3 RESULTS AND DISCUSSION

The results for total phenolics and anthocyanins in hydrophilic extracts are
shown in Table 1.2. In general, there were significant differences between the different
harvests, with the 2010/2011 having more. This can be attributed to the fact that the
incidence of UV radiation was higher then, according to the Brazilian National
Meteorological Institute, or Instituto Nacional de Meteorologia brasileiro (INMET).
From Oct., 2010 to Jan., 2011 it was 3092 KJm? in Vacaria, while from Oct., 2011 to
Jan., 2012, the maximum was 3017 KJm? in the city of Erechim. Also, there was less
rain during the maturation period during the 2010/2011 harvest than in the 2011/2012
harvest. It is well-known that a lack of water and UV stress causes an elevated
production of secondary metabolites such as phenolics and anthocyanins.

According to Agati, Azzarello, Pollastri & Tattini (2012), the biosynthesis of
flavonoids increases when plants are grown in bright light or when they are exposed to
other types of stress. Excess light on a daily basis is stressful to plants and could reduce
the activity of chloroplast antioxidants while up-regulating the biosynthesis of

flavonoids, even in the absence of UV irradiance (Agati et al., 2012).
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Table 1.2 Total phenolics and anthocyanins in hidrophilic extracts of blueberries.

Cultivar Phenolic compounds (mg GAE/100g DW) Anthocyanins (mg CYD-3-G/100g DW)
Harvest 2010/2011 Harvest 2011/2012 Harvest 2010/2011 Harvest 2011/2012
Elliot — 1 2890 + 206 ab - 202 £ 16 def ---
Florida — 2 3457 + 303aA 2550 + 139 abB 240 + 17 becdA 237 £ 17 bcdA
Bluecrop — 2 2311 + 506 bedefA 1622 £ 91 eA 261 =21 bA 159 +13 fgB
Elliot — 2 2285+ 131 bedefA 2424 + 225 abcA 251+ 17 bcA 208 £ 26 aA
Climax — 2 2541 £+ 137 bedefB 2792 £52 aA 186 + 12 efB 281 + 10 abcA
Powderblue — 2 2712 + 184 becA 2590 £ 301 abA 310 £27 aA 222 + 18 deB
Bluegem — 2 2668 + 286 bedA 2540 + 32 abA 318 £22 aA 285+ 9.6abA
Coville —2 -—- 2072 + 182 cde - 219+ 31 de
Powderblue — 3 2555 £ 163 bedeA 2307 £317 bedA 233+ 16 bcdA 221 + 14 deA
Briteblue — 3 2150 + 39 cdefA 1948 + 78 deB 159 £ 8.8 fA 142 +4.0 fgB
Woodard — 3 2175 + 108 cdefA 1864 + 95 deB 163 £ 10 efA 140+3.8 gB
Florida — 3 2489 + 29 bedefA 2248 + 46 bcdB 195 + 2,8 defA 187 £ 5.7 efA
Climax — 3 2053 £205 defA 2182 + 32 bedA 173+ 12 efB 206 +£4.2 deA
Bluegem — 3 2515 + 6.3 bedefA 1931 + 66 deB 2724+ 5.2 abA 235+ 16 cdB
Elliot — 4 1949 + 243 efA 2037 £ 29 cdeA 206 = 12 cdeA 186 = 10 efgA
Darrow — 4 1922 £ 88 f - 157+9.2f -
Bluecrop — 4 2008 £ 26 ef - 172 £ 10 ef -

Averages followed by the same upper case letters on the same row and lower case letters in
different columns do not differ significantly p < 0.05 by the Tukey test.,, CYD-3-G = cyanidin-3-
glucoside; GAE = gallic acid equivalents; DW = dry weight, Coefficient of variation < 9.0%

The concentration of total phenolics in the hydrophilic extracts ranged from
1922 to 3457 mg gallic acid equivalents (GAEs)/100g DW in the 2010/2011 harvest and
1622-2590 mg GAE/100 g DW in the 2011/2012 harvest. In the first harvest, the
Florida cultivar produced in Vacaria and the Elliott cultivar produced in Campestre da
Serra had the highest concentrations of phenolic compounds. They did not differ
significantly from each other (p < 0.05). In the second harvest, almost all the cultivars
from producer number 2 (city of Vacaria) produced the highest concentrations of
phenolic compounds. They did not differ significantly from each other (p < 0.05), with
the exception of Bluecrop and Coville. In general, the cultivars that had the highest
concentration of phenolic compounds belonged to the Rabbiteye species (Vaccinium
ashei Reade), with the exception of the Elliot cultivar, which belonged to the Highbush
species (V. corymbosum L.). It had the highest concentration of phenolic compounds in

both harvests.

65



Paula Becker Pertuzatti Konda et al.

The concentration of total anthocyanins in the hydrophilic extracts ranged from
159 to 318 mg CYD-3G/100 g DW in the 2010/2011 harvest and 140-298 mg CYD-
3G/100 g DW in the 2011/2012 harvest (Table 1.2). These results were lower than
those reported by others, who found 72-242 mg CYD-3G/100 g of fresh fruit (Moyer et
al. 2002; Jacques, Pertuzatti, Barcia & Zambiazi, 2009), with a water content >80%
(Moraes, Pertuzatti, Corréa & Salas-Mellado, 2007). However, the differences may be
attributed to the size of the fruits (Prior et al., 1998), because many studies
demonstrated that smaller fruits have a high concentration of anthocyanins, because
they are more concentrated in the skin than the pulp (Gao & Mazza, 1994; Moyer et al.,
2002) and because it can depend on the climactic conditions (Agati et al., 2012) and
type of cultivation (Hakkinen & Torronen, 2000).

Anthocyanins have been shown to have human health benefits in many studies,
due to their anti-inflammatory (Krikorian et al., 2010), anticancer (Seeram et al., 2006;
Giusti & Jing, 2007) and anti-mutagenic activities which are capable of blocking the
metabolism of cancer cells and even kill them (Smith et al., 2004; Nile & Park, 2014).

The antioxidant concentrations found in the hydrophilic extracts are shown in
Table 1.3. When the ORAC, FRAP and ABTS methods are compared, it can be seen
that they are different for the same blueberry cultivar. These are differences in the
assays reflect differences in the abilities of antioxidants to quench the peroxyl radical
and reduce ABTS" and Fe’" in vitro (Thaipong, Boonprakob, Crosby, Cisneros-Zevallos
& Byrne, 2006). Given this, the highest antioxidant capacity was found using the
ORAC method, followed by ABTS and FRAP, similar results were reported by others
(Rebello et al. 2014). Prior et al. (1998) were the first authors to notice that blueberries
have higher antioxidant activity by the ORAC method, confirming that, compared to

other fruits and vegetables, blueberries has a relatively high antioxidant activity by this
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method. In this way, the large difference found by ORAC, ABTS and FRAP may be
indicative of the compounds present in blueberries that act stronger as a scavenger of
peroxyl radicals than as donors of electrons to the ABTS" radical cation or Fe’™

The ORAC values ranged between 600-1028 pmol TE/g DW for the cultivars
analysed in the 2010/2011 harvest and 533-778 pumol TE/g DW for the 2011/2012
harvest. The Powderblue cultivar, produced in Erechim had the highest ORAC value in
the 2011/2012 harvest, while the Climax cultivar, produced in Vacaria had the highest
ORAC value in the 2010/2011 harvest. Considering that the sample were lyophilized
and still retained 4% moisture, the ORAC values can be converted to about 22-41.1
umol TE/g fresh weight, which can be compared to results reported by others. Moyer et
al. (2002) found 18.6—130.7 pmol TE/g fresh weight, Connor et al. (2002) found 10.3—
51.9 umol TE/g fresh weight, and Wang, Chen, Camp & Ehlenfeldt (2012) found 33.8—
118.7 pmol TE/g fresh weight. These wide ranges of antioxidant capacities may be due
to differences in genotype, climate, sample preparation and analytical techniques. That
is, the first two works cited, (Moyer et al., 2002 ¢ Connor et al., 2002) used -
phycoerythin as the indicator, while Ou, Hampsch-Woodill & Prior (2001) showed that
fluorescein is preferable.

Wang et al. (2012) analysed six of the 10 cultivars analysed in the current
study and found higher ORAC values. However, two of the cultivars analysed, becky
blue (33.8 umol TE/g DW) and delite (39.2 umol TE/g DW), had similar values as
those reported in this study. The same occurred in the study by Prior et al. (1998), who
analysed 23 cultivars from four different species. They found 13.9-37.8 umol TE/g
DW, which was similar to those obtained in the current study. However, the only

cultivar that was analysed in both this study and in the one by Prior et al. (1998), was
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Climax, which had higher values (19.9-32.8 umol TE/g DW) in the current study than
in the one by Prior et al. (1998) (13.9 £ 4.1 umol TE/g DW).

All the methods for determining antioxidant activity of blueberries produced
significant differences between cultivars. In the FRAP assay, the values ranged from
128 to 312 pmol TE/g DW (Table 1.3), which represents 5.1-12.5 umol TE/g fresh
weight. The cultivar that had the largest was Florida-2. When comparing this to
literature values, it can be seen that the Bluecrop cultivar showed much difference
between different studies. In the present study, this cultivar was produced commercially
by two vendors from the city of Vacaria (Rio Grande do Sul, Brazil), as shown in Table
1.1. Over a two-year period, values ranged from 5.3 to 9.9 umol TE/g fresh weight,
similar to the levels reported by Connor et al. (2002) for the same cultivar (10.6 pmol
TE/g FW). Taruscio, Barney & Exon (2004) found 20.2 umol TE/g fresh weight and
Moyer et al. (2002) obtained higher values (34.4 umol TE/g fresh weight). However,
the large differences observed in these studies can be attributed to different climactic
conditions during cultivation, due to the different regions where the blueberries were
planted. That is, Connor et al. (2002) analysed fruits found in northern USA, while
Taruscio, Barney & Exon (2004) and Moyer et al. (2002) analysed fruits from northeast
USA.

A high positive correlation was found between the FRAP and ABTS values
found (r > 0.8, p < 0.05), consistent with the results reported by Thaipong et al. (2006).
The range of ABTS values was between 40.3 and 260.8 umol TE/g DW (Table 1.3).
These results were similar to those reported by Arancibia-Avila et al. (2012), who
analysed Highbush blueberries that were produced in Chile (197.7 = 7.2 pumol TE/g
DW) and Poland (254.8 £ 11.9 umol TE/g DW). In the present study the Bluegem

cultivar (Rabbiteye species) had the highest ABTS value. Also, the four of the cultivars
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analysed were in the species V. Corymbosum (Elliot, Bluecrop, Coville ¢ Darrow).
Their ABTS values ranged from 40.3 umol TE/g DW (Bluecrop) to 193.9 umol TE/g
DW (Elliot). So, the cultivar Elliot cultivar in this study had about the same antioxidant
activity (193.9 pmol TE/g DW) as that reported by Arancibia-Avila et al. (2012) for
blueberries from Chile (197.7 pmol TE/g DW). The lower values found for the
Bluecrop cultivar (Table 1.3) can be explained by the work of Castrejon, Eichholz,
Rohn, Kroh, & Huyskens-Keil (2008), who found that the antioxidant activity of the

Bluecrop cultivar decreased during maturation, unlike other cultivars.

69



Paula Becker Pertuzatti Konda et al.

Table 1.3 Antioxidant activity of hydrophilic extracts of blueberries, using the ABTS, FRAP, ORAC and B-carotene/linoleate model

systems.
Cultivar FRAP (umol TE/g DW) Carotene-linoleate (% inhibitior ABTS (umol TE/g DW ORAC (umol TE/g DW
2010/2011 2011/2012 2010/2011 2011/2012 2010/2011 2011/2012 2010/2011 2011/2012
Harvest Harvest Harvest Harvest Harvest Harvest Harvest Harvest
Elliot —1 273 +£20 abe --- 61+58a -—- 112+8.0¢g - 703 £ 15 def -
Florida —2 312+£28 aA 267 £ 16 abA 38 + 3.8 defghiB 46 £3.5 abA 139+ 6.6efB 205+12aA 697 + 18 defA 549 £ 21 deB
Bluecrop —2 247 £ 19 cdeA 178 £ 15 B 50 £ 7.4 abcdefA 52 +£7.6 abA 185+ 11 cA 118+5cB 600 £ 54 fgA 533 £33 eA
Elliot -2 251 £ 14 becdeA 253 £22 abcA 47 £ 2.4 abcdefgB 57+5.0 aA 157+25deB 194+ 13aA 743+40cdeA 629 + 48 bcdeB
Climax -2 266+ 18 abcdA 273 £6.2 aA 46 + 0.2 bedefgA 47 + 2.8 abA 172+ 11 cdB 217+5aA 819+ 19 bedA 778 £21 aA
Powderblue 2 299 £ 20 abA 253+ 17 abcB 30+£3.6iB 46 + 3.0 abA 235+ 3.2DbA 214 +5 aB 930 + 50 abA 656 + 60 bcdB
Bluegem -2 308 £24 aA 262 + 6.4 abB 36 + 6.3 efghiA 47 £7.2 abA 261 =11 aA 210+ 11aB 646 + 15 efA 700 £ 42 abA
Coville -2 -—- 215 +20 cdef --- 56+43a - 143 £ 6 be --- 675+ 63 abc
Powderblue -3 172 £ 12 fghiB 217 + 13 cdeA 52 + 1.4 abcdA 47 £ 4.5 abA 73+£2.7iB 137+£6bcA 1028 +85aA 636+ 32 bcdeB
Briteblue —3 132+ 7.4 hiB 195+8.0defA 50+ 2.3 abcdeA 52 +£5.3 abA 170+ 6.7cdA  140+7bcB 763 £69 cdeA 557 £34 cdeA
Woodard —3 140 + 13 ghiB 186 + 7.4 efA 30+ 7.8 hiB 50 £ 3.4 abA 89 + 6.8 hiB 126 =7 cA 851 + 69 bcA 549 + 47 deB
Florida —3 178 + 3 fghB 221 +5.7 cdeA 35+ 1.4 ghiB 52+2.1abA 105+£55ghB  143+4bcA 737+£46cdeA 657 =48 bcdA
Climax -3 207 £ 12 efB 232 +£5.2 bedA 35+ 7.4 fghiB 53+ 1.4 abA 125+ 85fgB 164+ 12bA 496 =31 gA 547 £28 deA
Bluegem -3 188 +2 fgB 212+ 6.9 defA 45+ 1.6 cdefghA 41 £4.0 bA 90 + 3.8 hiB 143 £9bcA 702 £ 14defA 568 +£29 cdeB
Elliot 4 217+ 18 defA 203 + 11 defA 60 + 1.1 abA 57+52aA 141 £55efA 119+ 12¢cB 850 + 25 bcA 567 £29 cdeB
Darrow —4 128+ 8.51 --- 50 + 1.8 abedef - 139£5.1ef - 801 £ 19 bed -
Bluecrop —4 132 +4.4 hi - 57 +£9.0 abe - 40+3.5] - 723 £ 32 cdef -

Averages followed by the same upper case letters on the same row and lower case letters in different columns do not differ significantly p <

0.05 by the Tukey test; TE = Trolox equivalent; DW = dry weight; Coefficient of variation < 10%
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Table 1.3 shows the antioxidant capacity of hydrophilic extracts using the -
carotene/linoleic acid model system. The Elliot cultivar (from Campestre da Serra) had
the highest antioxidant capacity (60.9% inhibition) using this assay system. The range
for all cultivars was 30.4—60.9% inhibition, with Woodard, produced in Erechim having
the lowest. This shows that there are different amounts and/or types of antioxidants in
different cultivars. The values found in the current study are similar to those reported by
Melo, Maciel, Lima & Nascimento (2008) who analysed aqueous and acetone extracts
of 15 different cultivars and found values from 3.33 to 61.03% inhibition for the
aqueous extract and 3.89-67.25% for the acetone extract. Elliot, Bluecrop, Coville,
Powderblue, Briteblue, Florida, Climax e Darrow obtained values of >50% inhibition.
According to Melo et al. (2008) this can be considered to be a moderate antioxidant
level, similar to the aqueous extract of pinha (Adnnona squamosa) and the acetone
extract of guava, the fruit with the highest antioxidant values reported by them.

The principal components analysis (PCA) was applied to the hydrophilic
extracts of different cultivars (Figure 1.1), allowed the grouping of cultivars according
to the producer and within each group there is a separation based on the different
harvest seasons. The 2010/2011 harvest had higher positive scores in PC2, while the
2011/2012 harvest had negative scores (Figure 1.1 (e)).

The plot of the principal axes (PCs) that are associated with each variable is shown
in Figure 1.1. The PCA showed that the first principal component (PC1) explained 49.31%
of the total variance in the data. The second principal component (PC2) explained 19.98%,
while the third and fourth principal components explained 14.80% and 8.74% respectively,
these observations may be made in the sample score plot (Figure 1.1). The PC1 is primarily
related to the analysis of phenolic compounds, anthocyanins, FRAP and ABTS, while the

second principal component is related to the ORAC value (Figure 1.1(b)).
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Figure 1.1 Principal component analysis (PCA) of hydrophlic extracts of different
blueberry cultivars. Percentages of four products and two harvests, (a) Graph of scores
for PC1 (factor 1) and PC2 (factor 2), differences between classes (producers); (b)
Graph of loadings for PC1 (factor 1) and PC2 (factor 2); (c) Graph of scores for PC3
(factor 3) and PC4 (factor 4); (d) Graph of loadings for PC3 (factor 3) and PC4 (factor
4); (e) Graph of scores for PC1 (factor 1) and PC2 (factor 2), diferences between class
(harvest). *PhC = Phenolic compounds
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The two principal components (PC1 and PC2) explain 69% of the variance in
the data. The third and fourth principal components have a high contribution due to the
B-carotene/linoleic acid assay and total phenolic compounds (Figure 1.1(d)), making it
possible to distinguish between hydrophilic extracts by producer 1, from the city of
Campestre da Serra (Figure 1.1(c)).

Table 1.4 shows the two analyses for antioxidant activity and concentration of
carotenoids in lipophilic extracts. The Elliott cultivar had the highest concentration of
carotenoids, but there was a difference between different harvest seasons and locations.
When harvested in Campestre da Serra in 2010/2011, there were more carotenoids (35.2
pg of B-carotene/g DW) than when harvested in Vacaria in 2011/2012 (24.6 pg of B-
carotene/g DW). The range of concentrations of carotenoids for different cultivars and
harvest seasons was 1.65 ug of B-carotene/g DW for the Powderblue cultivar and 35.2
pg of B-carotene/g DW for the Elliot cultivar. This low level of carotenoids in
blueberries was also verified by others (Marinova e Ribarova, 2007; Jacques et al.,
2010). Jacques et al. (2009) also found that Powderblue had the lowest level of
carotenoids among the seven samples analysed. This is due to the fact that the primary
antioxidants are anthocyanins. Fruits with relatively high concentrations of
anthocyanins have a lower concentration of carotenoids during the ripening process.

There was a range of 0.28-16.3 pmol TE/g DW in the ABTS antioxidant assay
for lipophilic extracts (Table 1.4), which is five to 500-fold lower than the hydrophilic
extracts (Table 1.3). This was also seen by Kotikova, Lachman, Hejtmankova &
Hejtmankova (2011), who found much less antioxidant activity in the lipophilic extracts
of tomatoes than in hydrophilic extracts. The same authors found <10 umol TE/g DW
for the different varieties analysed, which is comparable to the levels found in

blueberries in the current study.
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The low antioxidant values for the lipophilic extracts (Table 1.4) can be
attributed to the antioxidant mechanisms in the different assays done in this study. That
is, Rodriguez-Amaya, Kimura & Amaya-Farfan (2008) found that carotenoids are very
efficient in controlling singlet oxygen, while phenolic compounds can sequester free
radicals (ORAC) and transfer of electrons (ABTS) better.

The results from the ABTS assay of lipophilic extracts were considerably
higher than the ORAC values for the same extracts (Table 1.4). The cultivars
harvested in 2010/2011 were significantly higher (p < 0.05) than the 2011/2012
harvest. The ORAC values ranged from 0.04 umol TE/g DW for Climax and 1.13
umol TE/g DW for Darrow, but were less than those reported by Prior et al. (2003)
for pine nuts, sorghum bran and strawberries, which varied from 3.0 to 16.0 pmol
TE/g DW. The ORAC values did not correlate well with total carotenoids (0.58). That
can be due to the fact that carotenoids are not the only compounds with antioxidant
activities in lipophilic extracts. As reported by Pertuzatti et al. (2012) lipophilic

extracts of blueberries have a large amount of tocopherols.
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Table 1.4 Concentration of total carotenoids and antioxidant activity of lipophilic extracts of blueberries, determined by the ABTS and
ORAC methods.

Cultivar Carotenoides (ug de Bcaroteno/g ABTS (umol TE/g DW) ORAC (umol TE/g DW)
DW)
2010/2011 2011/2012 2010/2011 2011/2012 2010/2011 2011/2012
Harvest Harvest Harvest Harvest Harvest Harvest
Elliot — 1 35.24+0.35a --- 10.0 + 0.6cde --- 0.22 + 0.02cdef ---
Florida — 2 229+0.11gB  2.84+0.17fgA  12.6 + 1.1bA 1.26 +0.03aB 0.07 +0.01hA 0.07 + 0.00defA
Bluecrop — 2 10.7+0.99¢eA  7.69+0.44bB 9.0+ 0.5defA  0.33 +0.02¢fB 0.52 + 0.09bA 0.11 +0.02bcB
Elliot — 2 149+ 142dA  7.76 £0.28bB  11.8 +£0.7bcA  0.35 + 0.05¢fB 0.58 + 0.03bA 0.09 +0.01bcdB
Climax —2 15.8+0.05¢B  3.71 £0.16efA  4.8+0.4gA  0.43+£0.06defB 0.12+0.02fghA  0.04 +0.01efB
Powderblue —2  1.65+0.03gB 536+ 0.54cdA 9.8 +0.8cdeA  0.99 +0.12bB 0.09+0.01ghA  0.05+0.00defB
Bluegem — 2 3.72+0.21fgA  2.30 £ 0.24gB 82+0.8¢efA  0.80+0.11bcB  0.09+0.02ghA  0.08 £ 0.01cdeA
Powderblue —3 2.87+0.15fgB  5.99+0.41cA  16.2+1.1aA 1.21 £0.09aB 0.12+0.01fghA  0.09 + 0.00cdB
Briteblue—3  3.48+0.28fgB 5.74+0.31cdA 11.9+1.1bcA  0.28+0.04fB  0.16 £0.0lefghA  0.07 + 0.00defB
Woodard—3  3.33+0.28fgB  4.65+0.49deA 11.0+£0.9bcdA 0.41 £0.05efB  0.18 +0.00defgA  0.04 + 0.00efB
Florida — 3 1.99+0.17gB  2.59 +£0.25fgA  16.3+0.8aA  0.63+0.09cdB  0.12 +0.01fghA 0.04 +0.01fB
Climax — 3 2.49+0.07gB  4.02+0.28¢A 6.8 +0.7fgA 0.94+0.08bB  0.24 £0.01cdeA 0.13+0.01bB
Bluegem — 3 536+0.28fA 5.18+0.38cdA  15.8+0.9aA  0.54+0.05deB  0.29 + 0.03cdA 0.04 + 0.00fB
Elliot — 4 8.71+0.66eB  24.6+0.61aA  8.7+0.7defA  0.92 +0.06bB 0.51 +0.02bA 0.26 + 0.04aB
Darrow — 4 25.8+£0.26b - 9.9 +0.7cde - 1.13+0.09a -
Bluecrop — 4 18.0 £ 0.74c - 1.9 +0.2h -—- 0.30 £ 0.04c -

Averages followed by the same upper case letters on the same row and lower case letters in different columns do not differ significantly p <
0.05 by the Tukey test; TE = Trolox equivalent; DW = dry weight; Coefficient of variation < 9.8
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According to the PCA of the lipophilic extracts (Figure 1.2), there was a
high degree of homogeneity in 2011/2012 harvest. There was a separation between
the Rabbiteye and Highbush cultivars in 2010/2011 harvest. This could be due to the
fact that Highbush had higher values in the first principal component (Figure 1.2(a)),
which separated from the others due to having the highest concentration of
carotenoids and ORAC value. These are the analyses that are distinguished in the
principal component (Figure 1.2(b)). The Rabbiteye cultivar in the upper left
quadrant had high positive scores in PC2 and near zero in PC1. When comparing the
loadings (Figure 1.2(b)) it can be seen that this is due to the fact that the samples in
this group have lower concentrations of total carotenoids (related to PC1) and the
highest values of ABTS (related to PC2). PC1 explains 56.32% of the total variance in
the data, while PC2 explains 32.30%. So, these two principal components describe >

88% of the variance in the data.
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Figure 1.2 Principal component analysis (PCA) of lipophlic extracts of blueberry
cultivars. Percentages of four products and two harvests, (a) Graph of scores for PC1

(factor 1) and PC2 (factor 2), (b) Graph of loadings.
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4 CONCLUSION

The results show that Brazilian blueberries have a relatively high
concentration of phenolic compounds and total anthocyanins, along with a small
concentration of carotenoids. It was also shown that these compounds have a positive
correlation with antioxidant activity, which was higher in the hydrophilic vs lipophilic
extracts. Significant differences in the concentrations of bioactive compounds were
found in different cultivars, places where they were grown and harvest season. By
PCA, it was possible to see that the hydrophilic extracts could be differentiated by
producers and harvest seasons. The lipophilic extracts were differentiated according to

whether they were Rabbiteye or Highbush.

5 ACKNOWLEDGEMENTS
We wish to acknowledge CAPES for their financial support, as well as UNICAMP,

UFMT and UCLM for inspiring this research.

6 REFERENCES
Agati, G., Azzarello, E., Pollastri, S., & Tattini, M. (2012). Flavonoids as antioxidants

in plants: Location and functional significance. Plant Science, 196, 67-76.

Arancibia-Avila, P., Namiesnik, J., Toledo, F., Werner, E., Martinez-Ayala, A. L.,
Rocha-Guzman, N. E., Gallegos-Infante, J. A., & Gorinstein, S. (2012). The
influence of different time durations of thermal processing on berries quality.
Food Control, 26, 587-593.

Barcia, M. T., Jacques, A. C., Pertuzatti, P. B., & Zambiazi, R. C. (2010).
Determination by HPLC of ascorbic acid and tocopherols in fruits. Semina:

Ciéncias Agrarias, 31, 381-390.

77



Paula Becker Pertuzatti Konda et al.

Benzie, I. F. F., & Strain, J. J. (1996). The ferric reducing ability of plasma (FRAP) as
a measure of ‘‘antioxidant power’’: the FRAP assay. Analytical Biochemistry,

239, 70-76.

Bochi, V. C., Barcia, M., Rodrigues, D., Speroni, C. S., Giusti, M. M., & Godoy, H.
T. (2014). Polyphenol extraction optimization from Ceylon gooseberry
(Dovyalis hebecarpa) pulp. Food Chemistry,

http://dx.doi.org/10.1016/j.foodchem.2014.05.031.

Castrejon, A. D. R., Eichholz I., Rohn, S., Kroh, L.W., & Huyskens-Keil S. (2008).
Phenolic profile and antioxidant activity of highbush blueberry (Vaccinium
corymbosum L.) during fruit maturation and ripening. Food Chemistry, 109,
564-572.

Connor, A. M., Luby, J. J, & Tong, C. B. S. (2002). Comparison of ABTS, DPPH,
FRAP, and ORAC assays for estimating antioxidant activity from guava fruit
extracts. Journal of American Society Horticultural Science, 127(2), 238-244.

Dastmalchi, K., Flores, G., Petrova, V., Pedraza-Pefnalosa, P., & Kennedy, E. J.
(2011). Edible neotropical blueberries: antioxidant and compositional
fingerprint analysis. Journal of Agricultural and Food Chemistry, 59, 3020-
3026.

Davalos, A., Gomez-Cordovés, C., & Batolomé, B. (2004). Extending applicability of
the oxygen radical absorbance capacity (ORAC-fluorescein) assay. Journal of

Agricultural and Food Chemistry, 52, 48-54.

Gao, L. & Mazza, G. (1994). Quantitation and distribution of simple and acylated

anthocyanins and other phenolics in blueberries. Journal of Food Science, 59,

1057-1059.

78



Antioxidant activity of hydrophilic and lipophilic extracts of Brazilian blueberries

Giusti, M. M., & Jing, P. (2007). Natural pigments of berries: Functionality and
application. In: Zhao, Y. Berry Fruit: Value-Added Products for Health
Promotion; CRC PRESS.

Giusti, M., & Wrolstad, R. E. (2001). Chacterization and meansurement of
anthocyanins by UV-visible spectroscopy. Current Protocols in Food Analytical
Chemistry, 61, 322-326.

Hakkinen, S. H., & Torronen, A. R. (2000). Content of flavonols and selected
phenolic acids in strawberries and Vaccinium species: influence of cultivar,
cultivation site and technique. Food Research International, 33, 517-524.

INMET (Instituto Nacional de Meteorologia, Ministério da Agricultura, Pecudria e
Abastecimento, Brasil). FEstacdes Automaticas: Graficos, 2013. URL
http://www.inmet.gov.br/portal/index.php?r=home/page&page=rede estacoes a
uto_graf. Accessed 04/01/13.

Jacques, A. C., Pertuzatti, P. B., Barcia, M. T., & Zambiazi, R. C. (2009). Scientific
notes: bioactive compounds in small fruits cultivated in the southern region of
Brazil. Brazilian Journal of Food Technology, 12, 123-127.

Jacques, A. C., Pertuzatti, P. B., Barcia, M. T., Zambiazi, R. C., & Chim, J. F. (2010).
Stability of bioactive compounds in frozen pulp of blackberry (Rubus
fruticosus) cv. Tupy. Quimica Nova, 33, 1720-1725.

Kotikova, Z., Lachman, J., Hejtmankova, A., & Hejtmankova, K. (2011).
Determination of antioxidant activity and antioxidant content in tomato varieties
and evaluation of mutual interactions between antioxidants. LWT — Food

Science and Technology, 44, 1703-1710.

79



Paula Becker Pertuzatti Konda et al.

Krikorian, R., Shidler, M. D., Nash, T. A., Kalt, W., Vingvist-Tymchuk, M. R., Shukitt-
Hale, B., & Joseph, J. A. (2010). Blueberry Supplementation Improves Memory
in Older Adults. Journal of Agricultural and. Food Chemistry, 58, 3996-4000.

Marco, G. J. (1968). A rapid method for evaluation of antioxidants. The Journal of the
American Oil Chemists Society, 45, 594-598.

Marinova, D., & Ribarova, F. (2007). HPLC determination of carotenoids in
Bulgarian berries. Journal of Food Composition and Analysis, 20, 370-374.

Melo, E. A., Maciel, M. 1. S, Lima, V. L. A. G., & Nascimento, R. J. (2008).
Capacidade antioxidante de frutas. Brazilian Journal of Pharmaceutical
Sciences, 44 (2), 193-201.

Moraes, J. O., Pertuzatti, P. B., Corréa, F. V., & Salas-Mellado, M. M. (2007). Study
of rabbiteye blueberry (Vaccinium ashei Reade) in the process of food products.

Ciéncia e Tecnologia de Alimentos, 27(supl), 18-22.

Moyer, R. A., Hummer, K. E., Finn, C. E., Frei, B., & Wrolstad, R. E. (2002).
Anthocyanins, phenolics, and antioxidant capacity in diverse small fruits:
Vaccinium, Rubus, and Ribes. Journal of Agricultural and Food Chemistry, 50,
519-525.

Nile, S. H., & Park, S. W. (2014). Edible berries: Bioactive components and their effect
on human health. Nutrition, 30, 134-144.

Ou, B., Hampsch-Woodill, M., & Prior, R. L. (2001). Development and Validation of
an Improved Oxygen Radical Absorbance Capacity Assay Using Fluorescein as
the Fluorescent Probe. Journal of Agricultural and Food Chemistry, 49, 4619-
4626.

Pertuzatti, P. B., Barcia, M. T., Jacques, A. C., Vizzotto, M., Godoy, H. T., &

Zambiazi, R. C. (2012). Quantification of several bioactive compounds and

80



Antioxidant activity of hydrophilic and lipophilic extracts of Brazilian blueberries

antioxidant activities of six cultivars of brazilian blueberry. The Natural
Products Journal, 2, 188-195.

Prior, R. L., Cao, G., Martin, A., Sofic, E., Mcewen, J., O’brien, C., Lischner, N.,
Ehlenfeldt, M., Kalt, W., Krewer, G., & Mainland, C. M. (1998). Antioxidant
Capacity As Influenced by Total Phenolic and Anthocyanin Content, Maturity,
and Variety of Vaccinium Species. Journal of Agricultural and Food Chemistry,
46, 2686-2693.

Prior, R. L, Hoang, H., Gu, L., Wu, X., Bacchioga, M., Howard, L., Hampsch-
Woodill, M., Huang, D., Ou, B., & Jacob, R. (2003). Assays for Hydrophilic
and Lipophilic Antioxidant Capacity (oxygen radical absorbance capacity
(ORACFL)) of Plasma and Other Biological and Food Samples. Journal of
Agricultural and Food Chemistry, 51, 3273-3279.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C.
(1999). Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Biology & Medicine, 26, 1231-1237.

Rebello, L. P. G., Ramos, A. M., Pertuzatti, P. B., Barcia, M. T., Castillo-Mufioz, N.,
& Hermosin-Gutiérrez, 1. (2014). Flour of banana (Musa AAA) peel as a source
of antioxidant phenolic compounds. Food Research International, 55, 397-403.

Rodriguez-Amaya, D. B. (2001). 4 guide to carotenoid analysis in foods, ILSI Press.
Publisher: Washington, D.C.

Rodriguez-Amaya, D. B., Kimura, M., & Amaya-Farfan. (2008). Fontes Brasileiras
de Carotenoides: tabela brasileira de composi¢do de carotenoides em
alimentos, Brasilia:xMMA/SBF.

Seeram, N. P., Adams, L. S., Zhang, Y., Lee, R., Sand, D., Scheuller, H. S., & Heber,

D. (2006). Blackberry, Black Raspberry, Blueberry, Cranberry, Red Raspberry,

81



Paula Becker Pertuzatti Konda et al.

and Strawberry Extracts Inhibit Growth and Stimulate Apoptosis of Human
Cancer Cells In Vitro. Journal of Agricultural and. Food Chemistry, 54, 9329-
9339.

Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. (1999). Analysis of Total
Phenols and Others Oxidation Substrates and Antioxidants by Means of Folin-
Ciocaulteau Reagent. Methods in Enzymology, 299,152.

Smith, S. H., Tate, P. L., Huang, G., Magee, J. B., Meepagala, K. M., Wedge, D. E. &
Larcom, L. L. (2004). Antimutagenic activity of berry extracts. Journal of
Medicinal Food, 7(4), 450-455.

Taruscio, T. G., Barney, D. L., & Exon, J. (2004). Content and Profile of Flavanoid
and Phenolic Acid Compounds in Conjunction with the Antioxidant Capacity
for a Variety of Northwest Vaccinium Berries. Journal of Agricultural and Food
Chemistry, 52, 3169-3176.

Thaipong, K., Boonprakob, U., Crosby, K., Cisneros-Zenallos, L., & Byrne, D. H.
(2006). Comparison of ABTS, DPPH, FRAP, and ORAC assays for estimating
antioxidant activity from guava fruit extracts. Journal of Food Composition and
Analysis, 19, 669-675.

Wang, S. Y., Chen, H., Camp, M. J., & Ehlenfeldt, M. K. (2012). Genotype and
growing season influence blueberry antioxidant capacity and other quality
attributes. International Journal of Food Science and Technology, 47, 1540-

1549.

82



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

ARTIGO 2

Anthocyanins profile of Rabbiteye and Highbush blueberries using
HPLC-DAD-ESI-MS" and multivariate analysis

Manuscrito submetido para publicacdo no periodico Food Chemistry (ISSN 0308-8146)
83



Paula Becker Pertuzatti Konda et al.

84



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

Anthocyanins profile of Rabbiteye and Highbush blueberries using HPLC-DAD-

ESI-MS" and multivariate analysis

Paula Becker Pertuzatti®®", Milene Teixeira Barcia®, Ligia Portugal Gomes Rebello®,

Sérgio Gémez-Alonso® ¢, Isidro Hermosin-Gutiérrez’, Helena Teixeira Godoy®

* Departamento de Ciéncia de Alimentos, Faculdade de Engenharia de Alimentos,
Universidade Estadual de Campinas, Rua Monteiro Lobato 80, 13083-862 Campinas,
Brazil

® Engenharia de Alimentos, Instituto de Ciéncias Exatas e da Terra, Universidade
Federal de Mato Grosso, Avenida Governador Jaime Campos 6.390, 78600-000 Barra
do Gargas, Brazil

¢ Instituto Federal Fluminense, Avenida Dério Vieira Borges 235, 28360-000 Bom
Jesus do Itabapoana, Brazil

4 Instituto Regional de Investigacion Cientifica Aplicada, Universidad de Castilla-La
Mancha, Avda. Camilo José Cela S/N, 13071 Ciudad Real, Spain

¢ Fundacion Parque Cientifico y Tecnologico de Albacete, Paseo de la Innovacion, 1,
02006, Albacete, Spain.

* Corresponding author. Tel.: +55 (66) 34057203; fax: +55 (66) 34021110

Email adress: paulapertuzatti@yahoo.com.br (P. Pertuzatti).
85



Paula Becker Pertuzatti Konda et al.

ABSTRACT

The anthocyanin profile and total content of four Highbush blueberry cultivars (Darrow,
Bluecrop, Elliot and Coville) and six Rabbiteye blueberry cultivars (Florida,
Powderblue, Climax, Bluegem, Briteblue and Woodard) grown in Brazil during two
consecutive harvests were determined using HPLC-DAD-ESI-MS" and compared by
multivariate analysis. A total of up to 30 anthocyanins were found, comprising the
complete series of six kinds of glycosides, namely galactoside, glucoside, arabinoside,
xyloside, acetylgalactoside and acetylglucoside of five anthocyanidins, namely
delphinidin, cyanidin, petunidin, peonidin and malvidin, together with 6 additional
malonyl derivatives of the main anthocyanidin hexosides. Four different anthocyanin
profiles were established on the basis of the relative distribution of the 30 anthocyanins
belonging to the aforementioned complete series of anthocyanins. Acetylated
anthocyanins were not found in any of the Rabitteye cultivars and also in some of the
Highbush samples. In addition, the Rabbiteye cultivars showed higher proportions of
cyanidin 3-galactoside than the Highbush cultivars, the latter accounting for higher
proportions of the 3-arabinosides of delphinidin and malvidin. The range for the total
anthocyanin content of the tested samples was between 10.8-26.5 g’lkg DW, as malvidin
3-glucoside equivalent, and the amount of anthocyanin in fruits was size dependent, the
lower size Rabbiteye cultivars showing higher levels of anthocyanins than the higher
size Highbush cultivars.

Keywords: Vaccinium ashei Reade, Vaccinium corymbosum L., anthocyanins;
blueberry, Highbush, Rabbiteye, LCMS
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1 INTRODUCTION

Blueberry is a fruit belonging to the family of Ericaceae and extensively
cultivated in North America. In Brazil, blueberry commercialization started in the
1990s (Moraes, Pertuzatti, Corréa & Salas-Mellado, 2007) and currently two main
species are produced and commercialized, the Rabbiteye (Vaccinium ashei Reade)
and the Northern Highbush blueberries (Vaccinium corymbosum L.). The most of the
Brazilian blueberries production is consumed in natura or even exported.
Interestingly, Brazil has the potential to produce blueberries throughout the year.
Thus, an important economic aspect is to produce Brazilian blueberries at least since
December up to February, just in the meantime between the harvest seasons in the
main consumer centers located in the USA and the European Union (Pertuzatti et al.,
2012).

Blueberries had been reported to show the highest antioxidant activity among
42 fruits and vegetables (Prior et al., 1998). Based on that, several studies were made
to identify bioactive compounds such as flavonols, phenolic acids, carotenoids,
tocopherols and vitamin C, in blueberries (Barcia, Jacques, Pertuzatti & Zambiazi,
2010; Borges, Degeneve, Mullen & Crozier, 2010; Pertuzatti et al. 2012; Ma et al.,
2013).

Among the bioactive compounds commonly found in blueberries,
anthocyanins have been extensively studied. However, information on structures and
concentrations of anthocyanins in blueberries are still incomplete, due in part to
limitations in analytical instrumentation. For this reason, most studies that identify
anthocyanins in blueberry usually report for no more than 20 anthocyanins, including
non-acylated and acylated glycosides (Gao & Mazza, 1994; Gao & Mazza, 1995;

Kader, Rovel, Girardin & Metche, 1996; Prior et al., 2001; Cho, Howard, Prior &
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Clark, 2004; Lohachoompol, Mullholland, Srzednicki & Craske, 2008; Wang, Chen,
Sciarappa, Wang & Camp, 2008; Borges, Degeneve, Mullen & Crozier, 2010; Sun et
al., 2012; Ma et al., 2013; Yousef et al., 2013).

The objective of this study was to use HPLC-DAD-ESI-MS" data for the
identification and quantitation of the most complete anthocyanin profile and the
application of chemometrics tools allowing the differentiation between different
cultivars of the two main blueberry species produced in Brazil.

2 MATERIAL AND METHODS
2.1 Chemicals and Reagents

All solvents were of LC-MS quality and all chemicals of analytical grade
(>99%). Water was of Milli-Q quality. Commercially available standards of
anthocyanins were used for identification: malvidin 3-galactoside (Extrasynthese,
Genay, France) and the 3-glucosides of cyanidin, petunidin and malvidin (Phytolab,
Vestenbergsgreuth, Germany). Quantitation by means of calibration curves, covering
the expected concentration ranges, was made as malvidin 3-glucoside equivalents. .

2.2 Samples

Approximately 2 kg of each sample from ten blueberry cultivars from two
harvests, 2010/2011 and 2011/2012 were provided by four producers of three
different cities of Rio Grande do Sul — Brazil and are shown in Table 2.1.

The fruits were cut in half, frozen and lyophilized in a Terroni Freeze-dryer,
model LS-3000E, Sao Paulo, Brazil. Liquid nitrogen was further added to their freeze-
dried samples and they were crushed in a mortar. Then they were placed in aluminum
bags, air-evacuated, stored at -20°C and used as feed-stock for experiments in this

study.
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Table 2.1 Different blueberries cultivars, groups and producers, with their respective locations of origin.

Cultivar Group Producer City 2010/2011 2010/2011 2010/2011 2011/2012 2011/2012 2011/2012
harvest harvest harvest harvest harvest harvest
Transversal ~ Longitudinal Weigh Transversal ~ Longitudinal Weigh
Diameter Diameter Diameter Diameter
Bluecrop Highbush 2 Vacaria 12.4240.9 18.1243.7 2.35 12.04+0.9 16.59+1.7 1.89
(28°30° S, 50° 56> W)
Bluecrop Highbush 4 Vacaria 11.2141.0 14.67+1.2 1.53 - - -
(28°30° S, 50° 56° W)
Coville Highbush 2 Vacaria - - - 14.18+0.6 18.7340.9 2.00
(28°30° S, 50° 56° W)
Darrow Highbush 4 Vacaria 10.81+1.1 14.96+1.9 1.59 - - -
(28°30° S, 50° 56> W)
Elliot Highbush 1 Campestre da Serra 10.07+1.4 13.33£2.0 1.32 - - -
(28°47° S, 51°05° W)
Elliot Highbush 2 Vacaria 11.50+0.5 15.4440.7 1.52 11.77+0.8 15.55+1.2 1.57
(28°30° S, 50° 56° W)
Elliot Highbush 4 Vacaria 10.87+0.7 14.11£1.2 1.26 11.64+1.5 16.034+2.6 2.02
(28°30° S, 50° 56° W)
Bluegem Rabbiteye 2 Vacaria 10.44+0.9 13.01£0.9 1.12 11.134£0.8 13.93+1.1 1.28
(28°30° S, 50° 56° W)
Bluegem Rabbiteye 3 Erechim 11.01£1.0 13.48+1.2 1.25 11.67+1.0 14.81+1.1 1.56
(27° 387 8,52°16° W)
Briteblue Rabbiteye 3 Erechim 10.90+0.9 12.76+0.9 1.21 9.5740.6 11.53£0.8 0.78
(27° 38’ 8,52° 16 W)
Climax Rabbiteye 2 Vacaria 10.85+0.8 11.84+0.9 0.97 12.44+0.9 13.38+0.9 1.37
(28°30° S, 50° 56> W)
Climax Rabbiteye 3 Erechim 12.37+0.8 13.184+0.8 1.31 12.56+0.7 13.45+0.8 1.40
(27° 387 8,52°16° W)
Florida Rabbiteye 2 Vacaria 10.52+0.9 12.36£1.0 0.97 11.69+0.8 13.294+0.9 1.23
(28°30° S, 50° 56> W)
Florida Rabbiteye 3 Erechim 12.66+0.8 14.49+1.1 1.63 11.61+1.1 13.21+1.1 1.25
(27° 387 8,52°16° W)
Powderblue ~ Rabbiteye 2 Vacaria 11.03£0.8 13.87£1.0 1.40 11.63+0.7 13.51£1.2 1.23
(28°30° S, 50° 56° W)
Powderblue ~ Rabbiteye 3 Erechim 12.03+1.1 14.60+1.2 1.59 10.65£1.0 12.78+1.3 1.09
(27° 387 8,52°16° W)
Woodard Rabbiteye 3 Erechim 10.77+0.7 12.46+0.9 1.08 9.97+0.7 11.82+0.8 0.87

(27° 38 §,52° 16" W)
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2.3 Biometric Measurements

Longitudinal and transversal diameters were measured using an electronic
caliper with resolution of 0.01/0.0005 mm and precision of 0.01 mm (Jomarca, Sdo
Paulo, Brazil). A total of 50 berries from each sampling date were used for size
measurements and average berry weight.

2.4 Sample preparation for analysis of anthocyanins

Lyophilized samples in amount of 0.5 g were extracted with 25 mL of mixture
50:48.5:1.5 (v/v) of CH;0H/H,O/HCOOH, helped by ultrasonic bath, during 2 minutes
and then centrifuged at 6000g at 5°C for 5 minutes, filtered and extracted once again
with other 25 mL of extraction solution, making up to volume in a 50 mL volumetric
flask. These two-step extraction of the samples yielded nearly 99% of the sample
anthocyanin content, as confirmed by HPLC of six successive extraction steps. After
extraction, the samples extracts were stored in amber glass bottles at -18°C until
analyses, when 0.5 mL of samples extracts were diluted in 0.5 mL of Mili-Q water
before injection in the HPLC system for their analysis.

2.5. Determination of anthocyanins by HPLC-DAD-ESI-MS"

HPLC separation, identification and quantitation of anthocyanins were
performed on an Agilent 1100 Series system (Agilent, Germany), equipped with DAD
(G1315B) and a LC/MSD Trap VL (G2445C VL) electrospray ionization mass
spectrometry (ESI-MS") system, and coupled to an Agilent ChemStation (version
B.01.03) data-processing station. The mass spectra data were processed with the Agilent
LC/MS Trap software (version 5.3).

The anthocyanins extracts (10 pL) were separated, on a reversed-phase column
Zorbax Eclipse XDB-C18 (2.1x150 mm; 3.5 pm particle; Agilent, Germany),
thermostated at 40°C. We used a previously described method (Barcia et al., 2014). The
mobile phase was based on mixtures of water, acetonitrile and formic acid (88.5:3:8.5,

90



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

v/vlv, solvent A; 41.5:50:8.5, v/v/v, solvent B). The linear solvents gradient was as
follows: 0 min, 94% A, and 6% B; 10 min, 70% A, and 30% B; 30 min, 50% A, 50% B;
34 min, 0% A, 100% B; 36 min, 0% A, 100% B; 42 min, 94% A and 6% B. The flow
rate was 0.19 mL/min.

For identification, ESI-MS" was used employing the following parameters:
positive ionization mode; dry gas, N,, 11 mL/min; drying temperature, 350°C;
nebulizer, 65 psi; capillary, -2500 V; capillary exit offset, 70 V; skimmer 1, 20 V;
skimmer 2, 6 V; compound stability, 100%; scan range, 50-1200 m/z. For quantitation,
DAD chromatograms were extracted at 520 nm, and their concentrations were
expressed as equivalents of malvidin 3-glucoside. Identification was mainly based on
UV-vis and MS/MS spectral data, which matched with those obtained for authentic
standards or reported in literature (Castillo-Mufioz et al., 2009, Nixford, & Hermosin-
Gutiérrez, 2010). In case of overlapping peaks in the DAD-chromatograms (Figure
2.1), the separate quantitation was possible in some cases with the help of the extracted
ion chromatograms (EIC) at the m/z values of the corresponding molecular ions of each
overlapping compound: the EIC integral value was used for an estimation of the
contribution of each individual overlapping compound to the joint DAD peaks.

The total content of anthocyanins was calculated from the total sum of the
chromatographic areas corresponding to all the identified peaks (total chromatographic
area). In addition, the molar percentage of each anthocyanin was obtained as the ratio of
individual chromatographic area with regards to the total chromatographic area.

2.6. Statistical analysis

Data analysis was carried out with ANOVA and Tukey’ test focusing on
significant differences in means. Correlations among data obtained were calculated

using Pearson’s correlation coefficient (r). Statistic 7.0 software program was employed
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with significance level between mean differences at 5% (p < 0.05). Principal component
analysis (PCA), was performed using Pirouette 3.11 program. The data were previously
auto-scaled, before submitted to principal component analysis. All analyses were made
in triplicates and the results were given as mean values with their corresponding
standard deviations.

3 RESULTS AND DISCUSSION

A total of 36 anthocyanins were detected in the blueberry extracts analysed. The
assignation of 30 of the latter anthocyanins was made on the basis of their characteristic
UV-vis and MS-MS spectral data (Table 2.2; peaks 1 — 30). These anthocyanins
derived from five anthocyanidins, namely delphinidin, cyanidin, petunidin, peonidin
and malvidin. In agreement with literature data, anthocyanins based on pelargonidin
were not found (Borges, Degeneve, Mullen & Crozier, 2010; Ma et al. 2013; Yousef et
al. 2013). The anthocyanins found in the blueberry extracts comprised the complete
series of the galactoside, glucoside, arabinoside, an unknown pentoside which very
likely is xyloside (Latti, Kainulainen, Hayirlioglu-Ayaz, Ayaz & Riihinen, 2009),
acetylgalactoside and acetylglucoside derivatives of the five aforementioned
anthocyanidins. The main anthocyanins reported in blueberry has been usually limited
to the 20 non-acylated glycosides, namely the galactoside, the glucoside, the
arabinoside, and the less occurring xyloside of five anthocyanidins, including
delphinidin, cyanidin, petunidin, peonidin and malvidin (Kader, Rovel, Girardin &
Metche, 1996; Cho, Howard, Prior & Clark, 2004; Lohachoompol, Mullholland,
Srzednicki & Craske, 2008; Wang, Chen, Sciarappa, Wang & Camp, 2008; Borges,
Degeneve, Mullen & Crozier, 2010; Sun et al., 2012; Ma et al., 2013; Yousef et al.,
2013). In addition, acylated anthocyanidins has been also reported, thus increasing the
number of blueberry anthocyanins up to 27 (Wu & Prior, 2005), and even up to 49 in

some wild species in which diglycosides were also detected (Nicoué, Savard &
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Belkacemi, 2007). The acylated anthocyanins found in blueberries include acetyl (Gao
& Mazza, 1994; Gao & Mazza, 1995; Prior et al., 2001), malonyl (Wu & Prior, 2005),
oxalyl, propionyl and succinyl (Nicoué et al., 2007) derivatives of the main non-
acylated anthocyanins. The occurrence of malonylhexoside derivatives of
anthocyanidins in some of the analysed samples in this study, up to 6 malonyl
derivatives of the galactosides and glucosides of delphinidin, cyanidin and malvidin,
was suggested on the basis of the detection of signals at the m/z values expectable for
their corresponding molecular ions (Table 2.2; peaks A — F). The latter compounds
accounted for very low concentrations and partially co-eluted with other anthocyanins.
For this reason, and also because of the lack of stronger evidence of their occurrence,

the latter compounds were not quantitated in this work.
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Table 2.2 Retention times and Mass Spectral (positive ionization mode) and UV-Vis
data of anthocyanins identified in blueberries

Molecular and

peak Assignment HPLC tg (min) UV-vis maxima (nm) product jons (m/7)
1 delphinidin 3-galactoside 8.12 276, 298sh, 346, 435sh, 522 465; 303
2 delphinidin 3-glucoside 10.36 276, 298sh, 346, 435sh, 522 449; 287
3 cyanidin 3-galactoside 12.38 280, 328, 377sh, 430sh, 516 465; 303
4 delphinidin 3-arabinoside 13.15 276, 298sh, 346, 435sh, 522 435; 303
5 cyanidin 3-glucoside 16.71 280, 328, 377sh, 430sh, 516 449; 287
6 cyanidin 3-arabinoside 19.05 280, 328, 377sh, 430sh, 516 419; 287
7 petunidin 3-galactoside 19.36 276, 298sh, 346, 435sh, 523 479; 317
8 petunidin 3-glucoside 21.86 276, 298sh, 346, 435sh, 525 479; 317
9 delphinidin 3-pentoside 22.22 276, 298sh, 346, 435sh, 525 435; 303
10 peonidin 3-galactoside 22.99 280, 328, 377sh, 430sh, 517 463; 301
11 petunidin 3-arabinoside 23.51 276, 298sh, 346, 435sh, 526 449; 317
12 delphinidin 3-acetylgalactoside 25.06 276, 298sh, 346, 435sh, 521 507; 303
13 peonidin 3-glucoside 25.06 280, 328, 377sh, 430sh, 517 463; 301
14 malvidin 3-galactoside 25.78 277, 298sh, 346, 435sh, 527 493; 331
15 cyanidin 3-pentoside 25.78 ND 419; 287
16 peonidin 3-arabinoside 26.24 279, 328, 377sh, 430sh, 517 433; 301
17 malvidin 3-glucoside 27.33 277, 298sh, 346, 435sh, 527 493; 331
18 cyanidin 3-acetylgalactoside 27.33 ND 491;287
A delphinidin 3-malonylgalactoside 27.80 ND 551
19 petunidin 3-pentoside 28.34 277, 298sh, 346, 435sh, 526 449; 317
B delphinidin 3-malonylglucoside 28.34 ND 551
20 malvidin 3-arabinoside 28.71 277, 298sh, 346, 435sh, 528 463; 331
21 delphinidin 3-acetylglucoside 28.71 ND 507; 303
C cyanidin 3-malonylgalactoside 29.90 ND 535
22 petunidin 3-acetylgalactoside 30.11 277, 298sh, 346, 435sh, 529 521; 317
E malvidin 3-malonylgalactoside 30.70 ND 579
23 peonidin 3-pentoside 31.02 ~521 433; 301
D cyanidin 3-malonylglucoside 31.02 ND 535
24 cyanidin 3-acetylglucoside 31.59 279, 328, 377sh, 430sh, 517 491;287
25 peonidin 3-acetylgalactoside 32.71 ~521 505; 301
26 malvidin 3-pentoside 32.98 277, 298sh, 346, 435sh, 528 463; 331
F malvidin 3-malonylgalactoside 33.30 ND 579
27 petunidin 3-acetylglucoside 33.41 277, 298sh, 346, 435sh, 528 521; 317
28 malvidin 3-acetylgalactoside 34.40 2717, 298sh, 346, 435sh, 529 535; 331
29 peonidin 3-acetylglucoside 36.10 279, 328, 377sh, 430sh, 517 505; 301
30 malvidin 3-acetylglucoside 37.19 277, 298sh, 346, 435sh, 529 535; 331

ND = Not detected

Regarding the anthocyanin chromatographic profiles, the blueberry cultivars
studied in this work presented different characteristic patterns of anthocyanins (Figure
2.1). With regards to the anthocyanidin core, the anthocyanins found in all the samples
of Highbush cultivars mainly derived from the B-ring trisubstituted anthocyanidins,
namely delphinidin, petunidin and malvidin. In the case of the Rabbiteye cultivars, most
samples showed a balanced predominance of the non-methoxylated B-ring

anthocyanidins, the trisubstituted delphinidin and disubstituted cyanidin, together with
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the methoxylated trisubstituted malvidin, and the proportion of peonidin was unusually
high. For the rest of the Rabbiteye cultivars, most samples of Powderblue showed a
distribution of anthocyanidins similar to Highbush cultivars and the samples of
Briteblue and Woodard stood out because they accounted for similar proportions of the
five detected anthocyanidins. Most literature data has reported that the main blueberry
anthocyanins derive from delphinidin, petunidin and malvidin; however, cyanidin-based
anthocyanins has been also found as relevant contributors in some cases, but peonidin-
based anthocyanins was always found as minor or even undetectable compounds (Gao
& Mazza, 1994; Koponen, Happonen, Mattila & Torronen, 2007; Latti et al., 2009;
Wang et al., 2008; Wang et al., 2012).

In addition to the anthocyanidin core, the type and the relative importance of the
different glycosides for a given anthocyanidin contributed to increase the variations
observed among the anthocyanin profiles, which could be summarized in four different
types. The first anthocyanin profile was characterized by the occurrence of all the 36
identified anthocyanins, mainly built from the delphinidin, petunidin and malvidin (all
of them B-ring trisubstituted anthocyanidins), being the main glycosides those derived
from galactose, glucose and arabinose, together with minor proportions of the xyloside
derivatives and being the only profile in which the acetylglucose and acetylgalactose
derivatives were detected (Figure 2.1 (a)). The second anthocyanin profile was also
predominantly based in B-ring trisubstituted anthocyanidins and showed only 15
anthocyanins, being the galactoside and arabinoside derivatives the main glycosides,
together with minor proportions of the glucoside derivatives (Figure 2.1 (b)). The third
anthocyanin profile accounted for 20 peaks, mainly derived from delphinidin, cyanidin
and malvidin, predominantly as their corresponding galactosides and arabinosides, and

also including the glucosides as relevant anthocyanins and the xylosides as minor
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compounds (Figure 2.1 (c)). Finally, the fourth anthocyanin profile accounted for the
same 20 anthocyanins detected in the third profile, but now the five anthocyanidins
accounted for similar proportions and the distribution of the types of glycosides differed
according to the occurrence of methoxylation in the anthocyanidin core (Figure 2.1
(d)): for the non-methoxylated anthocyanidins (delphinidin and cyanidin) the decreasing
order of the proportions of glycosides was galactoside =~ glucoside > arabinoside >>
xyloside; while for the methoxylated anthocyanidins (peonidin, petunidin and malvidin)
the order was glucoside > galactoside > arabinoside >> xyloside. Most samples of
Highbush blueberry cultivars showed the first anthocyanin profile (Figure 2.1 (a)),
including those of Bluecrop, Darrow and Elliot, the latter only from producers 1 and 4.
However, the samples of the Highbush cultivars Coville and those of Elliot from
producer 2 showed the second anthocyanin profile (Figure 2.1 (b)), together with the
Rabitteye cultivar Powderblue, with the only exception of the sample of producer 2
from the harvest 2011/2012. The latter Powderblue sample and most other Rabbiteye
cultivars, namely Bluegem, Climax and Florida, showed the third anthocyanin profile
(Figure 2.1 (c)). Finally, the fourth anthocyanin profile (Figure 2.1 (d)) was
characteristic of the Rabitteye cultivars Briteblue and Woodard. The acetylated
anthocyanins have been suggested to be characteristic of wild blueberry species, the so-
called Lowbush cultivars (Gao & Mazza, 1994 and 1995; Prior et al., 2001), and were
not found in some Highbush cultivars like Bluecrop, Brigitta, Coville, Elliot or Rubel
(Prior et al., 2001; Lohachoompol et al., 2008; Wang et al., 2012; Ma et al., 2013) and
also in Rabitteye cultivars like Bluegem, Briteblue, Climax, Powderblue or Woodard
(Lohachoompol et al., 2008; Wang et al., 2012). In addition, acetylated and other
acylated anthocyanins were identified in wild Lowbush cultivars from the Canadian

region of Québec (Nicoué et al., 2007). In contrast, some commercial and Highbush
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blueberry cultivars, including the Bluecrop, have been found to contain acetylated
anthocyanins (Cho et al., 2004; Borges et al., 2010; Yousef et al., 2013). Therefore, the
occurrence of acylated anthocyanins as a characteristic marker for any blueberry species
is not still a matter of consensus, but all the reported data for Rabitteye cultivars suggest
the absence of acylated anthocyanins in this blueberry species, as our results mainly
support. However, traces of the acetylgalactosides of delphinidin and cyanidin were
detected but their quantitation was not possible.

In the 2010/2011 harvest (Table 2.3), the concentration of anthocyanins ranged
from 10.8-26.2 g malvidin 3-glucoside’kg DW, being the Rabbiteye cultivars
Powderblue (Pb-2) and Bluegem (Bg-3) those having the highest concentration of
anthocyanins in this harvest. These results were similar to others previously reported
(Lohachoompol, Mulholland, Srzednicki & Craske, 2008; Pertuzatti et al., 2014), that
analysed Rabbiteye and Highbush blueberries and found the highest concentration of
anthocyanins in Powderblue (11.9 g cyanidin 3-glucoside/kg DW) and Climax cultivars
(13.7 g cyanidin 3-glucoside/kg DW). The Bluecrop cultivar produced in Vacaria (Bc-
2) had the lowest content of anthocyanins, not differing significantly at p < 0.05, from

Elliot (E-4), Darrow (D-4) and Bluecrop (Bc-4), all belonged to Highbush species.
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Table 2.3 Anthocyanin Profile (Molar Percentage of Each Anthocyanin) and Total Anthocyanin Content (g/kg DW, as Malvidin 3-

Glucoside Equivalents) of Different Blueberries Cultivars from 2010/2011 Harvest.

Highbush cultivars Rabitteye cultivars
Peak Bc-2 Bc4 D4 E-1 E-2 E4 Bg—2 Bg-3 Bb-3 C-2 C-3 F-2 F-3 Pb-2 Pb-3 W-3
1 18. 06¢d 13.36ef 19.09bc 14.05¢ 21.69a 17.35d 13.45¢f 12.32fg 6.86k 12.05gh 10.381 11.15hi 10.481 19.8b 13.29ef 8.19j
2 1.52h 10.99a 7.84c 7.74c 0.28;j 3.46g 4.90ef 4.80ef 8.13¢ 5.95d 5.08¢ 3.49¢g 4.52f 0.91i 1.37h 8.66b
3 2.12i 1.72j 1.35j 1.87ij 2.91h 3.75¢g 9.47c 7.86d 4.49f 14.51a 11.66b 14.98a 9.20c 6.48¢ 4.69f 6.15¢
4 10.92b 12.41a 12.80a 10.77b 12.92a 9.28¢ 7.05¢ 6.14fg 5.44h 7.14de 6.37f 6.65¢ef 6.20f 7.66d 5.55gh 6.36f
5 0.201 1.42f 0.54h 0.90g 0.09i 0.14i 3.73e 3.67¢ 6.53¢ 7.27a 6.36¢ 4.66d 4.65d 0.62h 1.12¢g 6.84b
6 3.34f 1.86h 2.45¢g 2.03h 3.27f 2.64g 5.06d 4.84d 3.50f 7.04a 5.80c 6.56b 4.27e 6.03c S5.11d 4.23e
7 9.49a 5.30hi 6.98cd 5.78gh 9.82a 7.52¢ 6.99cd 6.69ef 5.011 6.00g 6.66ef 6.31fg 7.08cd 8.32b 7.06¢cd 5.07i
8 1.36j 7.10c 5.20d 5.26d 0.261 2.681 4.41fg 4.73e 7.81a 4.54ef 4.80e 3.07h 421g 0.76k 1.59j 7.54b
9 0.27j l.41c 1.03d 1.05d ND 0.53i 0.88fg 0.94e 1.55a 0.90ef 0.96¢ 0.61h 0.84¢g 0.15k ND 1.50b
10 0.98h 0.38j 0.34j 0.571 1.02h 0.631 2.52de 2.36ef 1.57¢g 2.96¢ 3.27b 4.07a 3.17b 2.68d 2.29f 1.74¢g
11 5.6la 4.08d 4.87c 4.11d 5.58a 5.19b 3.42¢ 3.34ef 3.30ef 2.83g 3.31ef 3.13f 3.31ef 3.98d 3.97d 3.24ef
12 0.52d 1.56a 1.62a 1.42b ND 1.21c ND ND NQ NQ NQ ND ND ND ND NQ
13 NQ NQ NQ NQ 0.19h NQ 3.63¢ 3.75¢ 5.80a 4.99¢ 5.47b 4.64d 5.31b 0.93g 1.38f 5.38b
14 20.76¢ 6.64j .9.86h 10.20gh 26.84a 15.06d 11.72fg 13.52de 9.04hi 6.79j 9.19hi 10.14gh 12.06ef 23.89b 26.14a 7.93jj
15 5.52¢ 1.77j 2.62h 2.71gh ND 4.00d 3.12fg 3.59de 2.40hi 1.81j 2.44hi 2.69gh 3.21ef 6.35b 6.95a 2.114
16 0.55h 0.31j 0.23j 0.38i 0.52h 0.36i 0.94¢g 0.88¢g 1.17de 1.23cd 1.30bc 1.56a 1.35b 1.00fg 1.09ef 1.12de
17 2.80k 10.22f 7.22h 10.03f 1.011 5.211 10.84¢ 12.59¢ 19.09a 8.55g 10.32ef 8.27g 11.54d 2.88k 4.11j 16.86b
18 NQ NQ NQ NQ ND NQ NQ NQ ND ND ND ND ND NQ NQ ND
19 0.19h 0.84a 0.64b 0.64b ND 0.37d 0.29efg 0.32¢ 0.51c¢ 0.25g 0.27fg 0.20h 0.31ef ND 0.141 0.50c
20 14.12a 10.49ab 10.41ab 13.11a 13.55a 14.32a 7.08bc 7.13bc 6.87bc 4.76¢ 5.91bc 7.41bc 7.74bc 7.50bc 14.04a 5.81bc
21 NQ ND
22 0.09d 0.31bc 0.51a 0.27¢c ND 0.33b ND ND ND ND ND ND ND ND ND ND
23 NQ ND ND 0.24a ND ND 0.11e 0.12¢ 0.21b 0.13d 0.13d 0.11e 0.15¢ ND ND 0.16¢
24 NQ 0.27a 0.15b ND ND 0.13¢ ND ND ND ND ND ND ND ND ND ND
25 NQ ND
26 0.20h 0.89a 0.62d 0.84b 0.04;j 0.50e 0.39f 0.42f 0.71c 0.27¢g 0.30g 0.28¢g 0.40f ND 0.121 0.61d
27 0.32¢ 1.93a 1.65b 1.48¢ ND 1.13d ND ND ND ND ND ND ND ND ND ND
28 0.43c¢ 1.26b 1.87a 1.29b ND 1.70a ND ND ND ND ND ND ND ND ND ND
29 NQ 0.17b 0.09¢ 0.21a ND 0.11c ND ND ND ND ND ND ND ND ND ND
30 0.61d 3.30a 2.76b 3.07a ND 2.41c ND ND ND ND ND ND ND ND ND ND
Total 10.8+0.7 14.6£1.6 12.842.3 17.9£2.7 19.8£2.9 12.6£2.0 | 23.1+£2.8 23.6£1.2 13.4+0.5 20.3£1.3 16.0+0.9 19.5+1.3 16.7£0.8  26.2+1.5 17.5+0.7 14.1+0.4
h efgh fgh cdef bed gh abc ab fgh bed defg bede defg a defg fgh

" Anthocyanin Peaks like in Table 2.2. ND, not detected, NQ, detected but not quantifiable, Anthocyanins total = g malvidin 3-
glucoside/’kg DW
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In the 2011/2012 harvest (Table 2.4), the concentration of anthocyanins ranged
between 12.0 and 26.5 g of malvidin 3-glucoside/kg DW and the cultivars showing the
highest levels of anthocyanins, Bluegem (Bg-2), Climax (C-2) and Florida (F-2),
belonged to Rabbiteye species again, while the cultivars with lowest anthocyanin
concentration were the Highbush cultivars Bluecrop (Bc-2), Elliot (E-4) and Coville
(Co-2). When comparing different blueberry species, previous studies reported that
Rabbiteye species contained higher concentration of anthocyanins than Highbush,
Southern Highbush and Lowbush blueberries (Howard & Hager, 2007; Lohachoompol
et al., 2008; Scalzo, Stevenson & Hedderley, 2013), although the earlier work of Prior et
al. (1998) did not report on significant anthocyanin contents between Highbush and
Rabitteye cultivars of blueberry.

The anthocyanin content is fruit size dependent. Several studies have
confirmed that smaller blueberries contain more anthocyanin per unit volume (Gao e
Mazza, 1994; Moyer et al., 2002). Comparing the sizes and weights of blueberries
(Table 2.1) with the anthocyanin concentrations found for each cultivar in both harvests
(Table 2.3 and Table 2.4) confirmed the latter observation. In both harvests, the
Highbush cultivars had sizes and weights bigger than the Rabbiteye cultivars, being
Bluecrop (Bc-2) the cultivar showing the largest berry (2.35 g) and the lowest
anthocyanin content in the 2010/2011 harvest (10.8 g of malvidin 3-glucoside/kg DW),
while Elliot (E-4) and Coville (Co-2) were the cultivars having the heaviest weights
(2.02 g and 2.00 g, respectively) and the lowest anthocyanin contents in the 2011/2012
harvest (13.1 and 15.1 g of malvidin 3-glucoside’kg DW, respectively). The latter
results are in agreement with the finding that pigments reside exclusively in the skin of
the blueberry and for a given volume of fruit, the amount of the skin or the surface area

increases as the berry size decreases (Moyer et al., 2002).
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Table 2.4 Anthocyanin Profile (Molar Percentage of Each Anthocyanin) and Total Anthocyanin Content (g’kg DW, as Malvidin 3-
Glucoside Equivalents) of Different Blueberries Cultivars from 2011/2012 Harvest.

Highbush cultivars Rabitteye cultivars
Peak Bc—2 Co-2 E-2 E-4 Bg 2 Bg-3 Bb -3 CcC2 C-3 F-2 F-3 Pb -2 Pb 3 W3
1 11.91fg 22.27a 22.37a 19.68b 15.27d 11.45¢g 8.54i 11.37g 11.29¢g 12.63f 9.88h 14.07e 18.36¢ 9.23hi
2 7.16b 0.33j 0.34; 2.28h 5.22d 4.50e 7.33ab 5.73c 5.09d 4.38e 3.22¢g 3.67f 0.841 7.56a
3 1.62j 2.60h 2.67h 2.04i 12.09¢ 7.81g 12.72d 12.64d 14.70b 14.88b 16.39a 14.27¢ 9.38f 12.14e
4 9.85¢ 11.05b 11.90a 11.69a 7.43d 6.09g 6.73ef 6.52f 6.89%¢ 6.53f 5.80g 6.44f 6.95¢ 7.01e
5 0.881 0.09j 0.09j 0.17j 4.42¢ 3.73h 9.83a 6.38d 7.20c 4.93f 5.47e 4.43g 0.881 9.54b
6 1.971 3.97h 3.63h 4.90fg 5.29f 4.69g 8.59a 5.83¢ 7.44c 5.84e 7.06cd 5.28f 6.71d 7.98b
7 5.61j 11.29a 10.32b 6.77fg 7.30e 6.48gh 4.30k 6.31hi 6.01ij 7.14ef 6.28hi 7.92d 9.27¢c 4.40k
8 5.35b 0.41k 0.32k 1.791 42le 4.63c 6.45a 4.61c 4.38d 3.69f 3.30g 3.14h 1.14j 6.48a
9 1.07b ND ND 0.36i 0.84e 0.92¢ 1.28a 0.92¢ 0.87d 0.73f 0.66g 0.63h ND 1.29a
10 0.581 1.08g 0.99¢g 0.78h 2.46e 2.47e 2.07f 3.24c 3.26¢c 3.78b 4.26a 3.71b 2.74d 2.10f
11 4.04c 5.59a 5.55ab 5.42b 3.03e 3.32d 2.72g 2.76g 291ef 2.83fg 2.93ef 2.85fg 4.13c 2.84fg
12 137 0.46¢ ND 0.78b ND ND NQ NQ NQ ND ND ND ND NQ
13 NQ NQ 0.15h NQ 3.47f 4.11e 5.53a 5.45ab 5.34bc 4.74d 5.22¢ 4.18e 0.97g 5.52a
14 11.76f 26.77b 27.50a 17.38d 9.92¢g 13.3%¢ 5.16j 8.34h 7.421 9.25¢g 9.87¢g 11.26f 20.69¢ 5.18j
15 3.13d ND ND 4.62b 2.64e 3.56¢ 1.371 2.22g 1.97h 2.46f 2.62ef 2.99d 5.50a 1.381
16 0.37g 0.53f 0.47fg 0.42g 0.85¢e 0.96d 1.08¢c 1.30b 1.21b 1.29b 1.50a 1.25b 0.86de 1.10c
17 11.62b 0.96i 1.111 3.57g 9.10d 13.27a 11.94b 9.99¢ 8.50e 8.74de 8.90d 7.41f 2.80h 11.81b
18 NQ ND ND NQ NQ NQ ND ND ND ND ND NQ NQ ND
19 0.67* ND ND 0.25de 0.26de 0.31c 0.39b 0.27cd 0.26d 0.23de 0.25de 0.22¢ 0.11f 0.40b
20 12.74b 12.61b 12.57b 13.47a 5.82e 7.76d 3.42h 5.67ef 4.88g 5.51f 5.96e 5.93¢ 8.60c 3.48h
21 NQ ND
22 0.24* ND ND 0.18b ND ND ND ND ND ND ND ND ND ND
23 NQ ND ND ND 0.10e 0.12d 0.15a 0.15ab 0.12cd 0.13cd 0.14bc 0.10e ND 0.16a
24 0.20* ND ND 0.07b ND ND ND ND ND ND ND ND ND ND
25 NQ ND
26 1.01* ND ND 0.31de 0.30de 0.43b 0.39¢ 0.33d 0.25f 0.30e 0.30de 0.23f 0.07g 0.40c
27 1.37¢ ND ND 0.65b ND ND ND ND ND ND ND ND ND ND
28 1.69* ND ND 0.99b ND ND ND ND ND ND ND ND ND ND
29 0.22% ND ND 0.05b ND ND ND ND ND ND ND ND ND ND
30 3.60° ND ND 1.39b ND ND ND ND ND ND ND ND ND ND
Total 12.0+£2.3  15.1£1.6 173404 13.1£1.5 | 26.5¢1.9 16.7£34 13.2+04 26.5£1.9 182+1.2 229+1.3 15.8+1.1 19.6+1.1 20.1£1.2 14.3+0.9
g defg cdef fg a cdefg fg a bede ab cdefg bed be efg

* Anthocyanin Peaks like in Table 2.2. ND, not detected, NQ, detected but not quantifiable, Anthocyanins total = g malvidin 3-
glucoside/kg DW
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Figure 2.1 HPLC-chromatographic profile of anthocyanins present in four blueberry
cultivars: a) Bluecrop Bc-2 2011/2012 harvest; b) Elliot E-2 2011/2012 harvest c) Florida
F-2 2011/2012 harvest; d) Briteblue Bb-3 2011/2012 harvest. Peak in black = delphinidin-
based anthocyanins, Peak in red = cyanidin-based anthocyanins, Peak in blue = petunidin-
based anthocyanins, Peak in green = peonidin-based anthocyanins, Peak in purple =
malvidin-based anthocyanins
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The Principal Component Analysis (PCA) allows identify the main relationships
between features extracted from the data. This analysis did not differentiate between
samples according to the different producers or harvests. However, there was a
separation of samples due to the kind of blueberry species, Rabbiteye or Highbush. The
first Principal Component explained an accumulative variance of 47.4 %. The plot of
blueberry samples in the plane defined by the PC-1 and PC-2 explained the 83.3 % of
total variance. The grouping of cultivars on the scores plot showed that the separation
was done according to the species of the blueberry cultivars (Figure 2.2 (a)). The
Rabbiteye cultivars showed a high degree of overlapping and were found in the left side
of the scores plot, while the Highbush cultivars were found in the opposite side. This
can be explained by the fact that the cultivars belonging to Rabbiteye group stood out
for high molar percentages of cyanidin 3-galactoside (peak 3), cyanidin 3-glucoside
(peak 5), peonidin 3-galactoside (peak 10) and peonidin 3-arabinoside (peak 16) while
Highbush cultivars showed higher molar percentages of delphinidin 3-arabinoside (peak
4), petunidin 3-arabinoside (peak 11) and malvidin 3-arabinoside (peak 20) (Figure 2.2
(b)). In addition, the occurrence of acetylated anthocyanins (Figure 2.2 (b)) contributed
significantly to the better separation of some samples of Highbush cultivars which
appeared in the right top section of the scores plot (Figure 2.2 (a)). Moreover, taking in
consideration the four anthocyanin profiles observed for the studied blueberry cultivars,
the PCA allowed a good grouping of practically all the samples according to these
profiles (Figure 2.2 (c)) and also highlighted the similitude of the anthocyanin profile,
namely profile B, shown by some of the Highbush and Rabbiteye cultivars. To our best
knowledge, there have not been any studies using PCA to verify the differentiation
between cultivars of Rabbiteye and Highbush blueberries based on their anthocyanin

profiles. However, Moze et al. (2011) evaluated the levels of phenolic compounds
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(phenolic acids, anthocyanins, flavanols, flavonols and stilbenes) in Slovenian bilberries
(Vaccinium myrtillus 1..) and blueberries (Vaccinium corymbosum L.) and reported on
the differentiation among samples from different locations and attributed this separation
to few anthocyanins: cyanidin 3-galactoside, cyanidin 3-arabinoside, cyanidin 3-
glucoside and delphinidin 3-galactoside, some of which also caused the differentiation

observed in our study.
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Figure 2.2 Principal component analysis (PCA) of blueberry cultivars. (a) Graph of
scores for PC1 (factor 1) and PC2 (factor 2) showing Rabbiteye and Highbush
separation, (b) Graph of loadings, (c) Graph of scores for PC1 (factor 1) and PC2 (factor
2) showing the separation to Profile A, B, C and D (Figure 2.1 (a), 2.1 (b), 2.1 (c) and
2.1 (d), respectively). Anthocyanin assignation (Table 2.2).
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4 CONCLUSIONS

Thirty six anthocyanins were detected in the analysed blueberries, and the
quantitation was possible for thirty of them. The main anthocyanins were usually the
galactoside and glucoside derivatives of malvidin and delphinidin. Remarkable
differences in the anthocyanin profiles and in the content of total anthocyanins were
found, mainly according to the type of blueberry species, as could be confirmed by
Principal Component Analysis, which is closely related to the berry size and the
occurrence of acetylated anthocyanins in most Highbush cultivars.

5 ACKNOWLEDGEMENTS

Authors thank the Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES), for financial support, and to Universidade Estadual de Campinas
(UNICAMP), Universidade Federal de Mato Grosso (UFMT) and Universidad Castilla-

La Mancha (UCLM) for incentives to research.

104



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

6 REFERENCES

Barcia, M. T., Jacques, A. C., Pertuzatti, P. B., & Zambiazi, R. C. (2010).
Determination by HPLC of ascorbic acid and tocopherols in fruits. Semina:

Ciéncias Agrarias, 31, 381-390.

Barcia, M. T., Pertuzatti, P. B., Gémez-Alonso, S., Godoy, H. T., Hermosin-Gutiérrez.
(2014). Phenolic composition of grape and winemaking by-products of brazilian
hybrid cultivars BRS violeta and BRS lorena [Tese]. Campinas: Universidade

Estadual de Campinas.

Borges, G., Degeneve, A., Mullen, W., & Crozier, A. (2010). Identification of flavonoid
and phenolic antioxidants in black currants, blueberries, raspberries, red currants,

and cranberries. Journal of Agricultural and Food Chemistry, 58, 3901-3909.

Castillo-Munoz, N., Fernandez-Gonzalez, M., Gomez-Alonso, S., Garcia-Romero, E., &
Hermosin-Gutiérrez, 1. (2009). Red-Color Related Phenolic Composition of
Garnacha Tintorera (Vitis vinifera L.) Grapes and Red Wines. Journal Agriculture

Food Chemistry, 57, 7883-7891.

Cho, M. J., Howard, L. R., Prior, R. L., & Clark, J. R. (2004). Flavonoid glycosides and
antioxidant capacity of various blackberry, blueberry, and red grape genotypes
determined by high-performance liquid chromatography/mass spectrometry.

Journal of the Science of Food and Agriculture, 84, 1771-1782.

Gao, L., & Mazza, G. (1994). Quantitation and distribution of simple and acylated
anthocyanins and other phenolics in blueberries. Journal Food Science, 59, 1057—

1059.

105



Paula Becker Pertuzatti Konda et al.

Gao, L., & Mazza, G. (1995). Characterization of acetylated anthocyanins in lowbush
blueberries. Journal of Liquid Chromatography, 18(2), 245-259.

Howard, L. R., & Hager, T. J. (2007). Berry fruit phytochemicals. In: ZHAO, Y. Berry
Fruit: Value-Added Products for Health Promotion; CRC PRESS, 2007.

Hwang, S. J., Yoon, W. B., Lee, O., Cha, S. J.,, & Kim, J. D. (2014). Radical-
scavenging-linked antioxidant activities of extracts from black chokeberry and
blueberry cultivated in Korea. Food Chemistry, 146, 71-77.

Kader, F., Rovel, B., Girardin, M., & Metche, M. (1996). Fractionation and
identification of the phenolic compounds of Highbush blueberries ( Vaccinium
corymbosum, L.). Food Chemistry, 55 (1), 35-40.

Koponen, J. M., Happonen, A. M., Mattila, P. H., & Torronen, A. R. (2007). Contents
of Anthocyanins and FEllagitannins in Selected Foods Consumed in Finland.
Journal of Agricultural and Food Chemistry, 55, 1612-1619.

Latti, A. K., Kainulainen, P. S., Hayirlioglu-Ayaz, S., Ayaz, F. A., & Riihinen, K. R.
(2009). Characterization of Anthocyanins in Caucasian Blueberries (Vaccinium
arctostaphylos L.) Native to Turkey. Journal of Agricultural and Food Chemistry, 57,
5244-5249.

Lohachoompol, V., Mulholland, M., Srzednicki, G., & Craske, J. (2008). Determination
of anthocyanins in various cultivars of highbush and rabbiteye blueberries. Food
Chemistry, 111, 249-254.

Ma, C., Dastmalchi, K., Flores, G., Wu, S., Pedraza-Penalosa, P., Long, C., & Kennelly,
E. J. (2013). Antioxidant and metabolite profiling of north American and
neotropical blueberries using LC-TOF-MS and multivariate analyses. Journal of

Agricultural and Food Chemistry, 61, 3548-3559.

106



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

Moraes, J. O., Pertuzatti, P. B., Corréa, F. V., & Salas-Mellado, M. M. (2007). Study of
rabbiteye blueberry (Vaccinium ashei Reade) in the process of food products.

Ciéncia e Tecnologia de Alimentos, 27(suppl), 18-22.

Moyer, R. A., Hummer, K. E., Finn, C. E., Frei, B. & Wrolstad, R. E. (2002).
Anthocyanins, phenolics and antioxidant capacity in diverse small fruits:
Vaccinium, Rubus and Ribes. J. Agric. Food Chem. 50, 519-525.

Moze, S., Polak, T., Gasperlin, L., Koron, D., Vanzo, A., Ulrih, N. P. & Abram, V.
(2011). Phenolics in Slovenian bilberries (Vaccinium myrtillus 1.) and blueberries
(Vaccinium corymbosum L.). Journal of Agricultural and Food Chemistry, 59,
6998-7004.

Nicougé, E. E., Savard, S., & Belkacemi, K. (2007). Anthocyanins in Wild Blueberries of
Quebec: Extraction and Identification. Journal of Agricultural and Food
Chemistry, 55, 5626-5635.

Nixdorf, S. L., & Hermosin-Gutiérrez, 1. (2010). Brazilian red wines made from the
hybrid grape cultivar Isabel: Phenolic composition and antioxidant capacity.
Analytica Chimica Acta, 659, 208-215.

Pertuzatti, P. B, Barcia, M. T., Jacques, A. C., Vizzotto, M., Godoy, H. T., & Zambiazi,
R. C. (2012). Quantification of several bioactive compounds and antioxidant
activities of six cultivars of brazilian blueberry. The Natural Products Journal, 2,
188-195.

Pertuzatti, P. B., Barcia, M. T., Rodrigues, D., Cruz, P. N., Hermosin-Gutiérrez, I.,
Smith, R., & Godoy, H. T. (2014). Antioxidant activity of hydrophilic and
lipophilic extracts of Brazilian blueberries. Food Chemistry, 164, 81-88.

Prior, R. L., Cao, G., Martin, A., Sofic, E., Mcewen, J., O’brien, C., Lischner, N.,

Ehlenfeldt, M., Kalt, W., Krewer, G., & Mainland, C. M. (1998). Antioxidant

107



Paula Becker Pertuzatti Konda et al.

Capacity As Influenced by Total Phenolic and Anthocyanin Content, Maturity,
and Variety of Vaccinium Species. Journal of Agricultural and Food Chemistry,
46, 2686-2693.

Prior, R. L., Lazarus, S. A., Cao, G., Muccitelli, H., & Hammerstone, J. F. (2001).
Identification of procyanidins and anthocyanins in blueberries and cranberries
(Vaccinium Spp.) using High-Performance Liquid Chromatography/Mass
Spectrometry. Journal of Agricultural and Food Chemistry, 49, 1270-1276.

Scalzo, J., Stevenson, D., & Hedderley, D. (2013). Blueberry estimated harvest from
seven new cultivars: Fruit and anthocyanins. Food Chemistry, 139, 44-50.

Sun, L., Ding, X., Qi, J., Yu, H., He, S., Zhang, J., Ge, H., & Yu, B. (2012). Antioxidant
anthocyanins screening through spectrum—effect relationships and DPPH-HPLC-
DAD analysis on nine cultivars of introduced rabbiteye blueberry in China. Food
Chemistry, 132, 759-765.

Wang, S. Y., Chen, C., Sciarappa, W., Wang, C. Y., & Camp, M. J. (2008). Fruit
quality, antioxidant capacity, and flavonoid content of organically and
conventionally grown blueberries. Journal of Agricultural and Food Chemistry,
56, 5788-5794.

Wang, S. Y., Chen, H., Camp, M. J. & Ehlenfeldt, M. K. (2012). Flavonoid constituents
and their contribution to antioxidant activity in cultivars and hybrids of Rabbiteye
blueberry (Vaccinium ashei Reade). Food Chemistry, 132, 855-864.

Wu, X., & Prior, R. L. (2005). Systematic Identification and Characterization of
Anthocyanins by HPLC-ESI-MS/MS in Common Foods in the United States:
Fruits and Berries. Journal of Agricultural and Food Chemistry, 53, 2589-2599.

Yousef, G. G., Brown, A. F., Funakoshi, Y., Mbeunkui, F., Grace, M. H, Ballington, J.

R., Loraine, A., Lila, M. A. (2013). Efficient quantification of the health-relevant

108



Anthocyanins profile of Rabbiteye and Highbush blueberries using...

anthocyanin and phenolic acid profiles in commercial cultivars and breeding
selections of blueberries (Vaccinium spp.) Journal of Agricultural and Food

Chemistry, 61, 4806-4815.

109



Paula Becker Pertuzatti Konda et al.

110



Determinacio de compostos fendlicos niao antocianicos por HPLC-DAD-ESI-MS"...

ARTIGO 3

Determinaciao de compostos fendlicos nao antocianicos por HPLC-
DAD-ESI-MS" e aplica¢io de analise de components principais para

classificacdo de mirtilos Rabbiteye e Highbush

Manuscrito em preparagdo para ser submetido para publicag¢do no periodico
Analytica Chimica Acta (ISSN 0003-2670)

111



Paula Becker Pertuzatti Konda et al.

112



Determinacio de compostos fendlicos niao antocianicos por HPLC-DAD-ESI-MS"...

Determinacio de compostos fenélicos niao antocianicos por HPLC-DAD-ESI-
MS" e aplicagiio de anilise de components principais para classificacio de

mirtilos Rabbiteye e Highbush

Paula Becker Pertuzatti®®, Milene Teixeira Barcia®, Ligia Portugal Gomes Rebello®,

Sérgio Gémez-Alonso® ¢, Isidro Hermosin-Gutiérrez’, Helena Teixeira Godoy®

* Departamento de Ciéncia de Alimentos, Faculdade de Engenharia de Alimentos,
Universidade Estadual de Campinas, Rua Monteiro Lobato 80, 13083-862 Campinas,
Brazil

® Engenharia de Alimentos, Instituto de Ciéncias Exatas e da Terra, Universidade
Federal de Mato Grosso, Avenida Governador Jaime Campos 6.390, 78600-000 Barra
do Gargas, Brazil

¢ Instituto Federal Fluminense, Avenida Dario Vieira Borges 235, 28360-000 Bom
Jesus do Itabapoana, Brazil

4 Instituto Regional de Investigacion Cientifica Aplicada, Universidad de Castilla-La
Mancha, Ronda de Calatrava 7, 13071 Ciudad Real, Spain

¢ Fundacion Parque Cientifico y Tecnoldgico de Albacete, Paseo de la Innovacion, 1,
02006, Albacete, Spain.

* Corresponding author. Tel.: +55 (66) 34057203; fax: +55 (66) 34021110

Email adress: paulapertuzatti@yahoo.com.br (P. Pertuzatti).
113



Paula Becker Pertuzatti Konda et al.

RESUMO

O mirtilo é uma fruta largamente estudada. No entanto, poucas informagdes existem
sobre sua composicdo e o conteudo de flavondis glicosilados, devido as dificuldades de
separagdo e identificacdo, a maioria dos trabalhos cientificos, identifica apenas poucos
flavonois nesta fruta. No entanto, no presente estudo foram identificados 44 flavonois e
um 4acido hidroxicinamico, o acido clorogénico, em 30 amostras de duas espécies de
mirtilo, Highbush e Rabbiteye, pertencentes a quatro produtores comerciais da fruta, em
duas safras, 2010/2011 ¢ 2011/2012, utilizando HPLC-DAD-ESI-MS". Observou-se que
os frutos da espécie Highbush apresentam majoritariamente quercetina 3-galactosideo,
enquanto os frutos da espécie Rabbiteye apresentam em maior quantidade quercetina 3-
rhamnosideo e quercetina 3-glucuronideo. Dentre os flavonois identificados, foram
encontrados 14 acilados (acetil, rhamnosil e hidroximetilglutaroil) e destes encontrou-se
quercetin-3-0-[4’’-(3-hidroxi-3-metilglutaroil)]-o-thamnose, pela primeira vez em
mirtilos, sendo este composto exclusivo das cultivares Florida e Powderblue, onde ¢
encontrado como um dos flavonodis majoritarios. Além deste composto, derivados da
isorhamnetina, siringetina e laricitrina, foram encontrados pela primeira vez no mirtilo.
A andlise de componentes principais, mostrou que o perfil de compostos fenolicos pode

ser usado para distinguir as espécies de mirtilo.

Palavras-chaves: Vaccinium ashei Reade, Vaccinium corymbosum L., flavonois

acilados, acido clorogénico, analise de componentes principais
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1 INTRODUCAO

As pequenas frutas cultivadas nas regides de clima temperado tem despertado
cada vez mais o interesse dos consumidores e dos produtores. Com um constante
avanco na produc¢do mundial, o cultivo de frutas como framboesa, amora, mirtilo e
morango vem ganhando espaco em diversos paises. Segundo Strik [1] em 2005, havia
mais de 1,8 milhdes de hectares de lavouras de pequenas frutas em todo mundo,
produzindo 6,3 milhdes de toneladas de frutas. Dentre as pequenas frutas uma das mais
consumidas ¢ o mirtilo, que segundo dados da Food and Agricultural Organization [2]
apresentou uma produgdo de mais de 312 mil toneladas de frutas no mundo em 2010.

O Brasil possui uma condi¢do climatica privilegiada para tais culturas por
apresentar regides de clima temperado em quatro estados brasileiros, incluindo o Rio
Grande do Sul, Santa Catarina, Parana e S3o Paulo. Dessa forma, o pais apresenta
potencial de producdo durante quase todo o ano. Além disso, outro aspecto
economicamente relevante ¢ que a producdo brasileira dessas frutas ocorre de dezembro
a fevereiro, periodo de entressafra dos Estados Unidos e Unido Européia, os principais
centros consumidores.

Devido ao crescente aumento na produgdo e consumo mundial de mirtilo, muitas
investigacoes cientificas sobre as propriedades desta fruta ja foram e continuam sendo
desenvolvidas. Uma atencdo especial comecou a ser dada ao mirtilo a partir do trabalho
de Prior [3], onde constatou-se que esta fruta possuia a maior capacidade antioxidante
pelo método de ORAC, quando comparada com outras 42 frutas e hortaligas.

Uma fragdo de compostos fendlicos, os flavonoides, sdo potentes antioxidantes
in vitro [4] e incluem compostos como os flavonoéis, flavandis e antocianinas,
encontrados em elevadas quantidades no mirtilo [5,6]. No entanto, muitas cultivares e

espécies desta fruta existem e o seu teor de compostos fenolicos pode variar muito em
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funcdo das caracteristicas de cada cultivar, das condi¢des climaticas, do cultivo e das
técnicas analiticas empregadas. Em funcdo disto, e da crescente expansdo do cultivo do
mirtilo no Brasil, se torna importante a caracterizacdo dos compostos fenolicos ndo
antocidnicos, como flavonois e acidos hidroxicinamicos, com a ajuda da técnica HPLC-
DAD-ESI-MS" ¢ a avaliagdo do conteudo de diferentes espécies e cultivares de mirtilo
produzidas no Brasil.

2 MATERIAIS E METODOS
2.1 Reagentes

Os solventes utilizados foram de grau HPLC, os demais reagentes foram de grau
analitico (>99%) e a agua utilizada foi de qualidade Milli-Q. Todos os padrdes foram
utilizados para a identificacdo e quantificagdo dos flavondis, através de curvas de
calibragdo que abrangiam as concentragdes esperadas. Quando ndo houve
disponibilidade de algum padrio, a quantificacdo foi feita através da curva de calibrag@o
do composto com maior similaridade: quercetina 3-glicosideo (Extrasynthese, Genay,
Franga) foi utilizada para os flavonoéis e acido clorogénico (Extrasynthese, Genay,
Franca) para a quantificacdo do mesmo.

2.2 Amostras

Foram utilizadas trinta amostras, pertencentes a dez cultivares de mirtilo, de
duas safras: 2010/2011 e 2011/2012. As cultivares foram fornecidas por quatro
produtores de trés diferentes cidades do Rio Grande do Sul — Brasil e estdo dispostas na

Tabela 3.1.
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Tabela 3.1 Cultivares, espécies e produtores dos mirtilos analisados, com suas
respectivas cidades

Cultivar Espécie Produtor Cidade
Elliot Highbush 1 Campestre da Serra (28° 47’ S, 51° 05°
W)
Florida Rabbiteye 2 Vacaria (28° 30’ S, 50° 56° W)
Bluecrop Highbush 2 Vacaria (28° 30’ S, 50° 56° W)
Elliot Highbush 2 Vacaria (28° 30’ S, 50° 56° W)
Climax Rabbiteye 2 Vacaria (28° 30’ S, 50° 56° W)
Powderblue Rabbiteye 2 Vacaria (28° 30’ S, 50° 56’ W)
Bluegem Rabbiteye 2 Vacaria (28° 30’ S, 50° 56 W)
Coville Highbush 2 Vacaria (28° 30’ S, 50° 56’ W)
Powderblue Rabbiteye 3 Erechim (27° 38 S,52° 16° W)
Briteblue Rabbiteye 3 Erechim (27° 38 S,52° 16° W)
Woodard Rabbiteye 3 Erechim (27° 38 S,52° 16° W)
Florida Rabbiteye 3 Erechim (27° 38 S,52° 16° W)
Climax Rabbiteye 3 Erechim (27° 38 S,52° 16° W)
Bluegem Rabbiteye 3 Erechim (27° 38’ §,52° 16 W)
Elliot Highbush 4 Vacaria (28° 30’ S, 50° 56’ W)
Darrow Highbush 4 Vacaria (28° 30’ S, 50° 56° W)
Bluecrop Highbush 4 Vacaria (28° 30° S, 50° 56 W)

As frutas foram cortadas ao meio, congeladas e liofilizadas (liofilizador Terroni,
modelo LS-3000E, Sao Paulo, Brasil), adicionou-se nitrogénio liquido e triturou-se as
amostras, que foram armazenadas em embalagens metalicas, fechadas a vacuo e
congeladas a -20 °C durante a realizacdo das analises.

2.3 Preparo dos extratos para analise de compostos fenolicos

Uma por¢do de 0,5 g de amostra liofilizada foi extraida com 25 mL de uma
mistura de metanol:agua:acido formico (50:48,5:1,5 v/v), apos a amostra foi submetida
a ultrassom por dois minutos ¢ em seguida centrifugada por cinco minutos a 5 °C e
6000 g e filtrada. Em seguida a amostra foi re-extraida por mais duas vezes, deste modo,
obteve-se a extracdo de 99% do conteudo de compostos fendlicos, o que foi confirmado
através da andlise cromatografica de seis extragdes sucessivas.

Ap0s a obtencao dos extratos, foi realizada a extracdo em fase solida. Para isto,
utilizou-se cartuchos Bond Elut Plexa PCX (Agilent Technologies, USA; cartuchos de 6
cm’ com 500 mg de adsorvente) contendo uma mistura de materiais de troca catiénica
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que permitem isolar os flavondis presentes no mirtilo. Para possibilitar a separagdo, foi
necessario retirar o metanol do extrato bruto, para isso 3 mL da amostra foram secos em
rotaevaporador (40°C) (Laborota 4002-Control, Heidolph) e ressuspendidos em 3 mL
de 4cido cloridrico 0.1 mol L. O procedimento de preparo das amostras foi
anteriormente desenvolvido em nosso laboratorio [7] e compreende as seguintes etapas:
Limpeza da amostra: Em condigdes acidas, as antocianinas encontram-se na forma de
ions flavilium (em 3 mL de amostra), em funcdo disto, podem ser retidas por troca
ionica quando passam pelo cartucho PCX, previamente condicionado com 5 mL de
metanol e 5 mL de agua. Nesta etapa, o fluxo ¢ controlado para garantir a retencao de
todos compostos fenodlicos, os quais possuem polaridade intermediaria. Procede-se
lavando o cartucho com 5 mL de 4cido cloridrico 0.1 mol L™ ¢ 5 mL de 4gua.
Extragdo: A fragdo de flavondis e acidos fendlicos, foi eluida com 3x5 mL de MeOH.
Esta fragdo também continha outros polifenois, neutros ou acidos (flavan-3-6is ou
taninos ¢ derivados de acidos hidroxicindmicos, respectivamente). Apds eluido, o
extrato foi seco em rotaevaporador (40 °C) e ressuspendido em 1mL de uma solugdo de
metanol 20% em agua ultra-pura (v/v) .
Regeneracdo do cartucho: As antocianinas fixadas foram removidas e descartadas,
usando 3x5 mL de NH4OH 2% em MeOH 80%, e o material de troca cationica foi
regenerado com 3x5 mL de HCI 2% em MeOH 80%.

Apos a extracdo, os extratos de flavondis, isentos de antocianinas, foram
armazenados em frasco ambar a uma temperatura de -18°C até o momento da analise.

2.4 Determinagdo de compostos fendlicos por HPLC-DAD-ESI-MS"

A separagdo, identificacdo e quantificagdo cromatografica dos compostos
fenolicos foi realizada em um cromatografo Agilent 1100 Series system (Agilent,
Alemanha), equipado com detector DAD (G1315B) e um analisador ion trap no

espectrometro de massas LC/MSD Trap VL (G2445C VL) além de electrospray como
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fonte de ionizagdo (ESI-MS"), utilizando como processador de dados cromatograficos o
software Agilent ChemStation (version B.01.03) ja os espectros de massa foram
processados em um software Agilent LC/MS Trap (version 5.3).

Foram injetados 20 pL dos extratos de compostos fenolicos, em uma coluna de
fase reversa (Zorbax Eclipse XDB-C18 (2,1x150mm; 3,5 um particula; Agilent,
Alemanha)), a 40 °C. Foi utilizada uma fase movel composta por trés solugdes; A
solugdo A continha acetonitrila/agua/acido formico nas propor¢des de 3:88,5:8,5,
(v/vlv), respectivamente, na solucdo B foram utilizados os mesmos solventes nas
proporgdes 50:4,5:8,5, (v/v/v), respectivamente, ¢ no solvente C foi utilizado
metanol/agua/acido foérmico, 90:1,5:8,5, (v/v/v). O fluxo utilizado foi 0,19 mL/min.
Utilizou-se também o seguinte sistema de gradiente linear: 0 min, 98% A, e 2% B; 8
min, 96% A, e 4% B; 37 min, 70% A, 17% B, e 13% C; 51 min, 50% A, 30% B, e 20%
C; 51,5 min, 30% A, 40% B, e 30% C; 56 min, 50% B, e 50% C; 57 min, 50% B, e 50%
C; 64 min, 98% A, e 2% B.

Para identificagdo, ESI-MS" foi utilizado, empregando os seguintes
parametros: modo de ionizagdo negativa; gas secante, N,, 11 mL/min; temperatura,
350°C; nebulizagdo, 65 psi; voltagem do capilar, -2500 V; saida do capilar, 70 V;
skimmer 1, 20 V; skimmer 2, 6 V; estabilidade dos compostos, 100%; intervalo de
varredura, 50-1200 m/z. Para quantificagdo, os cromatogramas DAD foram extraidos a
360 nm (flavondis), e 320 nm (acido clorogénico), e a concentragdo dos compostos foi
expressa em equivalentes de quercetina 3-glucosideo (flavonois), e acido clorogénico.

2.5 Analise Estatistica

A analise dos dados foi realizada utilizando ANOVA e teste de Tukey, focando
na diferenca significativa das médias. O software Statistic 7.0 foi empregado e o nivel

de significancia da diferenga das médias foi 5% (p < 0,05). Foi também utilizada a
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ferramenta de analise de componentes principais (PCA), programa Pirouette 3.11. Os
dados foram previamente auto-escalados, antes de serem submetidos a andlise de
componentes principais. Todas as analises foram feitas em triplicata.

3 RESULTADOS E DISCUSSAO
3.1 Composi¢ao de compostos fenolicos

Os dados da analise cromatografica dos extratos de mirtilo, como tempo de
retengdo, identificacdo dos picos e espectro de absor¢do UV-vis, estdo apresentados na

Tabela 3.2, assim como ion precursor e ion produto.
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Tabela 3.2 Tempo de reten¢do e dados espectrais dos flavondis e acido clorogénico

1dentificos em mirtilos

pico Compostos fendlicos HPLC tg (min) maximoUV-vis (nm) MS MS/MS
1 myricetin 3-glucuronide 17.3 256sh, 261, 305sh, 355 493 317
2 myricetin 3-galactoside 17.7 256sh, 261, 305sh, 356 479 317
3 myricetin 3-(6”-rhamnosyl)galactoside 18.3 ND 625 -
4 myricetin 3-glucoside 18.9 256sh, 261, 305sh, 356 479 317
5 myricetin 3-(6”-rhamnosyl)glucoside 19.6 ND 625 -
6 myricetin 3-pentoside 22.2 354 449 317
7 myricetin 3-thamnoside 22.4 255sh, 262, 302sh, 349 463 317
8 myricetin 3-pentoside 23.7 256sh, 261, 305sh, 356 449 317
9 quercetin 3-galactoside 25.4 256, 265sh, 305sh, 354 463 301
10 quercetin 3-glucuronide 25.8 256, 265sh, 305sh, 354 477 301
11 quercetin 3-(6”-rhamnosyl)galactoside 26.8 256, 265sh, 302sh, 350 609 (463)-301
12 quercetin 3-glucoside 27.3 256, 265sh,305sh,353 463 301
13 quercetin 3-(6”-rhamnosyl)glucoside 28.0 256, 265sh, 302sh, 350 609 (463)-301
14 quercetin 3-pentoside 28.2 256, 265sh, 305sh, 356 433 301
15 laricitrin 3-galactoside 29.4 257, 265sh, 305sh, 356 493 331
16 quercetin 3-(6”-acetyl)galactoside 29.4 256, 265sh, 304sh, 356 505  463-(445)-(343)-301
17 quercetin 3-pentoside 29.8 256, 265sh, 305sh, 356 433 301
18 quercetin 3-(6”-acetyl)galactoside 30.0 256, 265sh, 304sh, 356 505  463-(445)-(343)-301
19 laricitrin 3-glucuronide 30.0 255, 265sh, 305sh, 358 507 331
20 laricitrin 3-glucoside 30.3 ND 493 331
21 quercetin 3-pentoside 30.6 256, 265sh, 302sh, 352 433 301
22 quercetin 3-rhamnoside 32.3 256, 265sh, 302sh, 348 447 301
23 kaempferol 3-galactoside 33.7 346 447 285
24 quercetin 3-(6”-acetyl)glucoside 34.2 256, 265sh, 300sh, 354 505  463-(445)-(343)-301
25 laricitrin 3-rhamnoside 354 255, 265sh, 302sh, 351 477 331
26 isorhamnetin 3-galactoside 354 255, 265sh, 302sh, 351 477 315
27 isorhamnetin 3-(6”-rhamnosyl)galactoside 35.9 256, 263sh, 300sh, 354 623 315
28 quercetin 3-(6”-acetyl)glucoside 36.1 256, 265sh, 300sh, 356 505  463-(445)-(343)-301
29 isorhamnetin 3-glucoside 37.0 256, 265sh, 305sh, 353 447 315
30 isorhamnetin 3-(6”-rhamnosyl)glucoside 37.5 255, 265sh, 300sh, 353 623 315
31 syringetin 3-galactoside 38.2 256, 263sh, 305sh, 355 507 345
32 syringetin 3-glucoside 38.9 355 507 345
33 syringetin 3-glucuronide 39.5 256, 263sh, 305sh, 357 521 345
34 Quercetin-free 40.8 256, 265sh, 295sh, 325sh, 372 301 301
35 isorhamnetin 3-(6”-acetyl)hexoside 41.1 ND 519 (357)-315
36 syringetin 3-pentoside 42.4 ND 477 345
37 quercetin-3-O-[4 "’-(3-hydroxy-3- 43.8 256, 265sh, 305sh, 348 591 529-489-447-(301)
methylglutaroyl)]-oa-rhamnose
38 syringetin 3-rhamnoside 44.6 256, 265sh, 303sh, 347 491 345
39 syringetin 3-pentoside 44.9 ND 477 345
40 isorhamnetin 3-(6”-acetyl)hexoside 453 354 519 (357)-315
41 Laricitrin-free 45.5 372 331 331
42 syringetin 3-(6”-acetyl)hexoside 46.3 ND 549 345
43 Isorhamnetin-free 54 371 315 315
44 Syringetin-free 55.7 372 345 345
1* chlorogenic acid 5.8 353 191

ND= Nio Detectado.
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Cromatogramas obtidos para diferentes cultivares de mirtilo Highbush e
Rabbiteye, demonstrando a separagdo dos flavonois individuais estdo apresentados na
Figura 3.1 e 3.2 (os picos identificados, estdo numerados de 1 a 44 correspondendo aos
compostos apresentados na Tabela 3.2).

Todas as cultivares de mirtilo, pertencentes as duas safras analisadas,
apresentaram acido clorogénico em grandes quantidades, o que confere com dados
obtidos por outros autores [8,9] e por ser o principal acido fendlico, encontrado no
mirtilo, muitas das suas propriedades antioxidantes sdo atribuidas a este derivado do
acido cafeico [10]. Segundo alguns autores [11], tem sido muito estudado os beneficios
a saude devido ao consumo de acido clorogénico ¢ estudos epidemiologicos [12] tem
mostrado uma correlagdo entre o consumo de café, rico em acido clorogénico, ¢ a
reducdo de algumas doengas, como Alzheimer e diabetes.

Na safra de 2010/2011 (Tabela 3.3), houve uma variacao entre 0,9—4,0 g acido
clorogénico/kg fruta seca, enquanto na safra de 2011/2012 (Tabela 3.4) a variacdo foi
entre 0,2-3,1 g 4cido clorogénico/kg fruta seca, a maioria das cultivares apresentou um
teor maior de acido clorogénico na safra de 2010/2011 do que na safra de 2011/2012 a p
< 0,05, o que pode ser atribuido a uma maior incidéncia de radiagdo ultravioleta nas
cidades produtoras de mirtilo, de outubro de 2010 a janeiro de 2011 [13], quando
comparado com o mesmo periodo na safra posterior, periodo de produgdo das frutas no

Brasil.
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Figura 3.1 Perfil cromatografico de flavonois presentes em quatro cultivares de mirtilo
Highbush produzidos em Vacaria: a) Bluecrop (Bc-4); b) Coville (Co-2); ¢) Darrow (D-
4); d) Elliot (E-2); Os picos estdo numerados de acordo com a tabela 2; Picos com
nimeros em vermelho sdo derivados da miricetina; Picos em preto sdo derivados da
quercetina; Picos em azul sdo derivados da laricitrina; Picos em verde sdo derivados da
siringetina; Picos em roxo sdo derivados da isorhamnetina; Pico em laranja derivado do

Kaempferol.
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Figura 3.2 Perfil cromatografico de flavondis presentes em seis cultivares de mirtilo
Rabbiteye: a) Briteblue (Bb-3); b) Bluegem (Bg-2); ¢) Climax (C-3); d) Florida (F-2); e)
Powderblue (Pb-2); f) Woodard (W-3); Os picos estdo numerados de acordo com a
tabela 2; Picos com numeros em vermelho sdo derivados da miricetina; Picos em preto
sdo derivados da quercetina; Picos em azul sdo derivados da laricitrina; Picos em verde
sdo derivados da siringetina; Picos em roxo sdo derivados da isorhamnetina.
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Tabela 3.3 Perfil de flavonoéis (Porcentagem molar de cada flavonol individual) e conteudo total de flavonois (g/kg FS, como equivalente
de quercetina 3-glicosideo) e acido clorogénico (g/kg FS, como equivalente de acido clorogénico) de diferentes cultivares de mirtilo
pertencentes a safra de 2010/2011.

(continua)
Pico* Cultivares Highbush Cultivares Rabitteye

Be-2 Bce-4 D-4 E-1 E-2 E-4 Bg-2 Bg-3 Bb-3 C-2 C-3 F-2 F-3 Pb-2 Pb-3 W-3
1 022¢g 032g 0.12¢g ND ND 013 g 4.82 ab 4.29¢ 4.44 be 2.59d 2.63d 487 a 412¢ 091 f 146¢ 1.19 ef
2 791 ¢ 17.80 a 5.56d 9.26 b 5.83d 5.11d 5.37d 5.64d 1.35 gh 2.84 f 2.09 fg 0.69 h 1.82¢g 5.05 de 4.09¢ 0.44 h
4 1.21 ab 144 a 0.36 ef 0.40¢ 038ef  034ef | 1.03bcd 1.21ab 1.15 abe 0.72 de 0.66 de ND 0.69 de 0.86bcd  0.79 cd ND
6 033 ¢ ND 099ab  0.15cd 1.11a 0.85ab | 1.00 ab 1.12a 0.26 cd 0.71b ND 0.86 ab 1.10a 0.08 cd ND ND
7 4.87bc  4.61bcd 4.71bcd 0.89 ef 9.15a 5.10 be 1.81 ef 5.27 be 2.60 de 4.11cd 5.52 be 1.50 ef 6.21 be 9.71a 6.72b ND
8 0.79 cd ND 0.72 cd 1.14c¢ 2.50b 0.77 cd 432a 0.45cd 0.56 cd 427 a 0.14d ND ND 0.23 cd ND ND
9 27.59b 2.501 17.54d 3726a 1571d 2327c | 6.96fg 5.62 gh 5.55 gh 8.67f 525 gh 7.27 fg 3.60 hi 11.74 ¢ 6.36 fg 2.691
10 0.88d 22.25b ND 1.77d ND 0.80 d 1327 ¢ 13.85¢ 33.53a 10.90 ¢ 11.80 ¢ 2295b 19.46 b 4.75d 5.28d 10.69 ¢
11 ND ND 098a ND ND ND ND ND ND ND ND ND ND ND ND ND
12 8.85b I.16ef  9.69ab  10.05a 5.52d 7.76 ¢ 1.37 ef 0.83 fg 0.81 fg 112 f 0.94 fg .10 f 0.50 fg 2.03¢ 1.16 ef 020 g
13 3.68d 10.88 a 8.05b 7.39b 3.64d 6.57c 021f 0.20 f 022f ND ND ND ND 1.04¢ 0.21f ND
14 1.08d ND 1.65¢ 0.16 ¢ 334a 2.00 be 0.81d 0.89d 0.95d 0.87d 0.74d 2.16b 1.67c¢ 0.34¢ ND 034¢
15 451b 7.10a 2.84 de 4.61b 2.16 f 2.18f 3.28cd 2.68 ef 1.55¢ 0.98 hi 1.47 gh 0.58 ij 0.52 ij 2.59 ef 3.6lc 041]
17 445¢ 6.01 cd 6.99b 8.47a 6.44 be 5.70d 2.82f 0.45h 090 h 1.68 g 0.58 h 2.68f 0.64 h 151¢g 0.72h 0.49 h
19 2.89 de 7.03 a ND 0.53f ND 1.73ef | 4.10cd 6.18 ab 6.40 ab 1.51f 3.89d 3.23d 5.80 ab 3.25d 5.26 be 1.29f
21 3.44 efg 1.50fg  7.09cd 0.72g 890abc 8.1l1bc | 9.44abc 10.05ab 5.02 de 7.66 bed 3.89 ef 1133 a 9.83 abc 1.96 fg 1.48 fg 2.37 efg
22 7.31j ND 11.85h 0.70 1 2347c¢ 15.09fg | 16.58f 18.39 ¢ 2.67k 4292 a 40.85b 1379 ¢ 9.831 21.78d 19.74 ¢ 0.881
23 NQ 0.70 b 0.86a ND ND ND ND ND ND ND ND ND ND ND ND ND
24 6.66 ab 7.22a 7.56 a 7.10a ND 3.84b ND ND ND ND ND ND ND ND ND ND
25 1.46 fg 1.11 gh 1.63fg  046hi 296bc 2.08def | 296bc  2.41 cde 0.67 hi 1.99 ef 2.75 be 0.75 hi 2.67 bed 321b 454 a 0.17i
27 ND ND 1.45a ND ND ND ND ND ND ND ND ND ND ND ND ND
28 1.70 a ND 0.54b ND ND ND ND ND ND ND ND ND ND ND ND ND
29 0.64 cde 294 a 0.55 de 2410 ND 0.70cd | 0.56 de 0.54¢ 0.76 ¢ 029 f 0.63 cde ND 241b 030 f 025f ND
30 ND ND 298a 291a ND ND ND ND ND ND ND ND ND ND ND ND
31 2.29 ef 3.38 de 0.86 ¢ 230ef 1.24fg 1.67fg | 3.81cd 4.81 be 5.80b 070 g 1.66 fg 077 ¢g 1.30 fg 3.32de 742 a 1.00 g
32 271de  048ghi 0.16hi  0.37 ghi 0.071 0.40ghi | 4.18¢ 4.73 be 4.89b 085g 1.88 f 1.97f 3.14d 2.30 ef 594a 0.75 gh
33 0.67 gh ND ND ND 4.58b ND 1.87 de 244 cd 594 a 1.48 efg 2.58 cd 337c¢ 5.04 ab 0.53 h 1.67 def 091 fgh
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Tabela 3.3 Perfil de flavonoéis (Porcentagem molar de cada flavonol individual) e conteudo total de flavonois (g/kg FS, como equivalente
de quercetina 3-glicosideo) e acido clorogénico (g/kg FS, como equivalente de acido clorogénico) de diferentes cultivares de mirtilo

pertencentes a safra de 2010/2011.

(continuagao)

34 2.02 cd 1.57¢cd  3.34 bed ND 1.63 cd 0.74d 5.71 abc  3.84 abcd 7.39 ab 1.98 c¢d 7.81a 5.34 abc 2.64 cd 1.61 cd 2.31cd 1.48 cd
37 ND ND ND ND ND ND ND ND ND ND ND 7.80 ¢ 6.06 ¢ 17.19 a 15.17b ND
38 0.83d ND 0.65 de 0.12f 0.94d 1.03d 1.77 ¢ 2.19¢ 0.25 ef 0.79d 1.76 ¢ 293 b 447 a 3.02b 4.36 a ND
39 0.68b ND 0.26 ¢ 0.13¢ 0.26 ¢ 0.70b 0.71b 097 a 0.59b 0.26 ¢ ND 0.66 b 1.09 a 0.07 ¢ ND ND
41 0.15 de ND ND ND ND ND 043 Db 028 ¢ 0.65a 0.11 de ND 0.20 cd ND 0.03 e 0.65a ND
44 0.19¢ ND ND ND ND ND 0.54 be 0.42 be 1.19a ND 0.48 be 0.41 be ND 0.24 ¢ 0.82 ab ND

Contetdo 0.9+0.0 1.440.1 1.7+0.1 2.7+0.4 1.5+0.3 1.5£0.2 | 0.6+0.1 0.6+0.1 0.7+0.04 0.9+0.1 0.5£0.04 0.6+£0.03  0.4+0.04 0.5+0.08 0.5+0.1 2.7+0.3

Total bed bc b a b b d cd cd bed d d d d d a

ACH 0.9+0.07 3.4+0.3 3.0+0.1 4.0£0.1 2.0+0.1 1.7+0.1 1.3+0.1 1.5+0.1 1.5+0.12  2.5+0.21 1.6+£0.13 3.5+0.3 2.0+0.1 1.4+0.1 0.9+0.04 1.6+0.0

f ab bc a de de ef ef ef cd e ab de ef f ef

" A identificacdo dos flavondis esta na Tabela 3.2." AC= 4cido clorogénico (g acido clorogénico/kg FS) Tabela 3.2. ND, nio detectado,

NQ, nio quantificado, FS, Fruta Seca, *Total de flavonois = g quercetina 3-glucosideo/kg FS
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Tabela 3.4 Perfil de flavonoéis (Porcentagem molar de cada flavonol individual) e conteudo total de flavonois (g/kg FS, como equivalente
de quercetina 3-glicosideo) e acido clorogénico (g/kg FS, como equivalente de acido clorogénico) de diferentes cultivares de mirtilo
pertencentes a safra de 2011/2012.

(continua)
Pico* Highbush Cultivars Rabitteye Cultivars
Bc-2 Co-2 E-2 E-4 Bg-2 Pb-2 Bg-3 Bb-3 C-2 C-3 F-2 F-3 Pb-3 W-3
1 029 h 0.85 fgh ND 0.16 h 5.14 ab 3.12 cde 4.36 abc 2.79 de 2.08 efg 571a 4.59 abc 2.29 ef 0.69 gh 4.13 bed
2 16.4a 8.53b 5.18¢ 4.96 ¢ 4.42¢ 1.21fg 5.06 ¢ 084 ¢ 3.56d 2.35e 1.13 fg 1.69 ef 1.71 ef 1.50 fg
4 141a 1.21 ab 0.27 de 0.35d 143 a 0.64 ¢ 145a 0.25 de 0.94 b 0.45cd 0.51cd 1.09 b 0.34d ND
6 2.03b 051g 0.96 de 0.85 de 1.48 ¢ 291 a 0.55 fg ND 0.71 efg ND 1.04d ND ND ND
7 ND ND 9.18 ab 6.84 be 3.60 def 10.29a 5.13 cd 073 g 10.56 a 1.49 efg 2.11 efg 3.98 de 1.20 fg ND
8 ND ND 1.83 b 0.67 ¢ 6.82a 0.19¢ 0.27c¢ 0.19¢ 0.29¢ 6.74 a ND ND ND ND
9 31.84a 10.07 be 16.17 be 20.43 ab 594 ¢ 7.83 be 6.12 ¢ 12.74 be 8.70 be 14.29 be 8.68 be 7.53 be 13.67 be 11.17 be
10 1.10 ef 20.57 bed ND 0.57f 144bcde 16.63bcd  10.3 cdef 4332a 8.63 def 0.80 ef 23.22 be 24.1b 7.66 def 4198 a
11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
12 109 a 4.56 bc 5.76 b 7.02 ab 1.25¢cd 1.19 cd 0.90 cd 0.88 cd 1.06 cd 0.69 cd 1.16 cd 0.48d 1.83 cd 0.80 cd
13 6.80 ab 7.56 a 427D 5.97 ab 025¢ 0.10 ¢ 0.13¢ 0.17 ¢ 0.10 ¢ ND ND ND 0.40 ¢ ND
14 ND ND 335a 240b 0.84d 131¢ 047 ¢ 1.48¢ 0.76 de 1.34¢ 2.27b 2.17b ND 1.32¢
15 6.81a 2.35bc 2.09 bed 1.80 bede 2.08 bed 0.68 ef 3.00 b 0.88 def 1.24 cdef 0.67 ef 0.79 def 0.40 f 1.76 bedef  1.31 cdef
17 4.82 abc 2.46 cdef 6.89 a 5.20 ab 2.8 bedef  2.51 cdef 041f 2.22 def 1.01 ef 472 abcd  3.07 bcde 0.94 ef 1.29 ef 1.95 ef
19 3.91 bed 5.73 ab ND 2.56 cde 3.32 cde 2.17 de 6.32a 3.04 cde 2.69 cde 3.49 cde 3.15 cde 3.01 cde 1.62 ef 4.21 be
21 038¢g 4.60 efg 8.25bcde  8.19 bede 10.30 be 6.94 cde 5.69 def 9.34 bed 6.54 cde 3735a 11.51b 9.40 bed 1.33 fg 9.48 bed
22 0.15h ND 22.06 ¢ 17.02 ¢ 19.63 c¢d 1585¢ 17.96 de 430¢g 39.76 a 2.52 gh 11.61f 13.0f 31.68d 380 g
23 NQ ND ND ND ND ND ND ND ND ND ND ND ND ND
24 5.28a ND ND 240 b ND ND ND ND ND ND ND ND ND ND
25 0.35b 9.07 a 3.35ab 242b 2.33b 1.91b 3.29 ab 0.35b 2.92 ab 0.90 b 0.64 b 1.34b 1.60 b 0.57b
27 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
28 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
29 1.68 ab 3.11a ND 0.44b 0.34b 0.83 b 0.37b 0.75b 0.30b 1.67 ab ND 2.80a 0.76 b ND
30 ND ND ND 243 a ND ND ND ND ND ND ND ND ND ND
31 4.06 ab 1.77 bed 1.43 bed 1.50 bed 1.85 bed 0.66 d 6.04 a 2.01 bed 1.12 ¢d 2.08 bed 0.83 c¢d 0.82 cd 1.71 bed 3.45 abc
32 0.95 def 4.47b 0.07 f 0.34 ef 2.04 cde 1.28 def 6.40 a 1.53 cdef 1.17 def 3.33 be 1.67 cdef  1.60 cdef 2.29 c¢d 2.64 c¢d
33 0.87 cd 3.43 be 5.29 ab ND 1.17 c¢d 1.52 cd 3.37 be 2.53cd 1.03 c¢d 6.60 a 2.72 be 3.12 be 1.13cd 3.40 be
34 ND 043¢ 2.06 abc 3.00 abc 5.28abc 5.93 ab 2.24 abc 7.44 a 2.30 abc 2.23 abc 6.23 ab 6.06 ab 0.81 be 5.77 abc
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Tabela 3.4 Perfil de flavonoéis (Porcentagem molar de cada flavonol individual) e conteudo total de flavonéis (g/kg FS, como equivalente
de quercetina 3-glicosideo) e acido clorogénico (g/kg FS, como equivalente de acido clorogénico) de diferentes cultivares de mirtilo
pertencentes a safra de 2011/2012.

(continuagao)

37 ND ND ND ND ND 10.76 ab 3.56b ND ND ND 6.53 ab 7.89 ab 1647 a ND

38 ND 0.30a 0.81a 1.17 a 1.66 a 2.12a 393 a 0.11a 1.77 a ND 235a 2.65a 9.28 a ND

39 ND 023 b 0.33b 0.73 ab 0.59 ab 0.30b 1.27a 0.38b 0.41b ND 0.62 ab 0.63 ab 0.78 ab ND

41 ND ND ND ND 0.29 a ND 0.27a 0.20 ab ND ND 0.24 ab ND ND ND

44 ND ND 0.24 abc ND 0.15b ¢ 0.34 abc 0.54a 0.33 abc ND 0.59 a 0.40 ab 0.39 ab ND ND
Conteudo 0.9+0.1 1.0+0.1 1.3+0.1 1.5+£0.15 0.6+0.05 0.6+0.04 0.4+0.0 0.8+0.08 1.0+0.1 0.4+0.04 0.6+0.04 0.4+0.04 0.9+0.07 0.7+0.04

Total bed bc ab a de cde 4e cde bed e de e cd cde
AC” 1.6+0.1 1.3+0.13 1.7+0.1 1.840.1 2.6+0.1 3.1+0.1 0.6+0.06 0.5+0.04 2.0+0.19 0.2+0.02 2.740.13 1.0+0.09 0.3£0.01 0.6+0.04

cde def cd cd ab a fgh gh be h ab efg gh fgh

" A identificagdo dos flavonois estd na Tabela 3.2. AC*= acido clorogénico (g acido clorogénico/kg FS) Tabela 3.2. ND, ndo detectado,
NQ, ndo quantificado, FS, fruta seca, Total de flavondis = g quercetina 3-glucosideo/kg FS
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No presente trabalho, as cultivares que apresentaram o maior teor de &cido
clorogénico na safra de 2010/2011 foram Florida (F-2) e Bluecrop (Bc-2), produzidas em
Vacaria e Elliot (E-1), produzida em Campestre da Serra, ndo diferindo significativamente a
p < 0,05, e na segunda safra as cultivares com maior teor de 4cido clorogénico foram Florida
(F-2), Powderblue (Pb-2) e Bluegem (Bg-2), produzidas na cidade de Vacaria, nao diferindo
significativamente a p < 0,05. Na literatura uma cultivar muito estudada ¢ Bluecrop, uma das
cultivares com maior teor de acido clorogénico no presente estudo, quando comparado o
teor de acido clorogénico, expresso em fruta fresca, de Bluecrop produzida por diferentes
produtores, pertencente as duas safras analisadas, com o trabalho de outros autores [§],
pode-se observar que houve uma variagdo entre 0,037-0,142 g de acido clorogénico/kg FS,
neste estudo, o que estd em concordancia com estudos prévios, 0,103 g acido clorogénico/kg
FS [8]. No entanto, observa-se na literatura uma variagdo significativa nos niveis de acido
clorogénico encontrados para esta cultivar, 0,103-1,576 g 4cido clorogénico’kg FS
[8,11,14].

Além do acido clorogénico, também foram encontrados 44 flavondis, muitos em
elevadas quantidades nas cultivares de mirtilo analisadas. Dentre os flavonoéis encontrados,
40 eram glicosilados, destes a maior parte constituida por derivados de quercetina (14
compostos), seguidos por derivados de miricetina (8§ compostos), siringetina (7 compostos),
isorhamnetina (6 compostos), laricitrina (4 compostos) e kaempferol (1 composto). Também
encontrou-se 4 flavonois na forma de agliconas de quercetina, isorhamnetina, laricitrina e
siringetina, provavelmente geradas por hidrélise dos flavonois glicosilados, durante a
preparacao das amostras para analise.

De um modo geral, os compostos mais abundantemente encontrados nos frutos
foram quercetina 3-rhamnosideo (pico 22), quercetina 3-glucuronideo (pico 10), quercetina

3-galactosideo (pico 9), quercetina 3-pentosideo (pico 17), miricetina 3-galactosideo (pico
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2) e miricetina 3-rhamnosideo (pico 7). Sendo que observou-se uma diferenciagdo entre a
espécie Rabbiteye (Vaccinium ashei Reade) e a espécie Highbush (Vaccinium Corymbosum
L.), quanto ao flavonol majoritario encontrado.

Na espécie Highbush a quercetina 3-galactosideo (pico 9) geralmente apresentou-se
como majoritaria, também foi observado que quercetina 3-glicosideo (pico 12) e quercetina
3-(6”-rthamnosil)glicosideo (pico 13) existem em quantidades relevantes nas cultivares deste
grupo e que o derivado de kaempferol (pico 23) s6 foi encontrado nas cultivares Bluecrop,
Coville e Darrow, caracteristicas estas, consideradas exclusivas desta espécie. No entanto, as
cultivares Coville e Bluecrop produzida em Vacaria na safra de 2010/2011, apresentaram
como flavonol majoritoério a quercetina 3-glucuronideo (pico 10), geralmente encontrada
como majoritaria na espécie Rabbiteye e ausente ou minoritaria nas demais cultivares da
espécie Highbush. Em outros trabalhos encontrados na literatura, ao analisarem mirtilos
Highbush, dentre eles a cultivar Bluecrop, também observa-se a quercetina 3-galactosideo,
como o flavonol majoritario no fruto e quando isto ndo ocorre, encontra-se principalmente
quercetina 3-rhamnosideo [15,16], compostos estes encontrados em grandes quantidades
neste trabalho.

As cultivares de Vaccinium ashei Reade, na sua maioria (seis cultivares na primeira
safra e quatro na segunda safra) apresentaram quercetina 3-rhamnosideo como o flavonol
majoritario e as demais cultivares pertencentes a esta espécie apresentaram quercetina 3-
glucuronideo em maior quantidade. Na literatura, existem poucos trabalhos analisando os
flavonois presentes em mirtilos Rabbiteye, no trabalho de Wang et al. [8], 36 cultivares de
vaccinium ashei Reade foram avaliadas, entretanto os autores quantificaram apenas
quercetina 3-galactosideo, quercetina 3-glicosideo, o que ndao confere com os dados
encontrados no presente estudo, ja que por mais que quercetina 3-galactosideo tenha sido

encontrada em quantidade significativas em cultivares como Florida, Powderblue, Climax,
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Briteblue e Woodard, ela ¢ majoritaria apenas nas cultivares da espécie Highbush, enquanto,
quercetina 3-glicosideo ndo foi encontrada em grandes quantidades em nenhuma cultivar da
espécie Rabbiteye, sendo uma caracteristica exclusiva da espécie Highbush.

De acordo com Howard e Hager [16] catorze derivados de quercetina, incluindo
compostos acilados com acido cafeico e acético, foram encontrados no mirtilo, juntamente
com quatro derivados de miricetina e dois de campferol. No entanto, no presente trabalho
encontrou-se 15 derivados de quercetina, oito da miricetina, oito da siringetina, sete da
isorhamnetina, seis da laricitrina, ¢ um do campferol. Existem apenas dois trabalho na
literatura [17,18], onde a presenca de 3-O-glicosideos de laricitrina e siringetina foi
detectada em mirtilo. E apenas Vrhovsek e colaboradores [18], encontraram anteriormente
3-O-glicosideos de isorhamnetina, 3-O-galactosideos de laricitrina, siringetina e
isorhamnetina e 3-O-rhamnosideos de miricetina e laricitrina em mirtilos.

Informacao importante encontrada neste trabalho, foi a identificacdo de derivados
3-O-glucuronideos, ndo encontrados anteriormente na literatura, para mirtilos, como
quercetina 3-glucuronideo e miricetina 3-glucuronideo, um dos flavondis majoritarios em
uma variedade de uva ndo vinifera, BRS Lorena [19] ¢ em uvas viniferas como Cabernet
Franc e Cabernet Sauvignon [20], siringetina 3-glucuronideo encontrada anteriormente em
uvas Garnacha tintorera [21] e laricitrina, 3-glucuronideo que ndo foi encontrado nenhum
relato na literatura sobre sua presenga em outras frutas.

Foram encontradas trés formas de flavonoéis acilados, derivados de quercetina,
miricetina, isorhamnetina e siringetina. Dentre os 14 flavondis acilados encontrados no
presente estudo, destaca-se a quercetina 3-(6”-rhamnosil)-glicosideo (rutina), comumente
encontrada em mirtilos [15,17,18], por apresentar-se em quantidades significativas nas
cultivares de mirtilo Highbush, ja em mirtilos Rabbiteye as quantidades encontradas sempre

eram inferiores e em algumas cultivares ndo foi possivel de ser detectada (Tabela 3.3 ¢ 3.4).
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Dados da literatura [22] indicam que a rutina ¢ um potente quelante de metais de transi¢do e
que o desenvolvimento da rutina como um fitoquimico em plantas, pode ser resultado de um
possivel mecanismo de sobrevivéncia em plantas que sofrem um estresse oxidativo,
induzido por radicais livres, no qual a oxidagdo do Fe*" pode estar envolvida. Os demais
flavonois ligados a um grupo rhamnosil encontrados neste trabalho (miricetina 3-(6-
rhamnosil)-galactosideo, miricetina  3-(6”-rhamnosil)-glicosideo, quercetina  3-(6-
rhamnosil)-galactosideo, isorhamnetina 3-(6”-rhamnosil)-galactosideo e isorhamnetina 3-
(6”-rhamnoil)-glicosideo), ndo foram encontrados em outros estudos com mirtilo, existentes
na literatura. No entanto isorhamnetina 3-(6”-rhamnosil)-glicosideo ja foi encontrada
anteriormente em cerejas [23] e “elderberry” [24].

Outro grupo de derivados acilados de flavonois encontrados foram os derivados
acetilados de quercetina (3-(6”-acetil)-galactosideo e 3-(6”-acetil)-glicosideo), de
isorhamnetina (3-(6”-acetil)-hexosideo) e de siringetina (3-(6”-acetil)-glicosideo), sendo que
destes, apenas os derivados de quercetina ja foram encontrados em mirtilos [15].

Para finalizar, um terceiro derivado acilado foi encontrado, pela primeira vez em
mirtilos. O composto 38, foi identificado como quercetina-3-O-[4"’-(3-hydroxi-3-
metilglutaroil)]-a-rhamnose (HMG-rhm) através da analise de LC-MS, subsequente
fragmentacdo do ion dominante MS? e fragmentacdo no MS® (Figura 3.3), que foram
utilizadas para obtengdo de maiores informagdes sobre a massa molecular dos conjugados,
massas dos agticares ligados as agliconas, e estrutura das agliconas. Observou-se que este
composto € caracteristico de duas cultivares pertencentes a espécie Rabbiteye, Florida e
Powderblue, aparecendo como um dos flavonois majoritarios em todas as amostras destas
cultivares analisadas, tanto nas amostras produzidas na cidade de Erechim, quanto na cidade

de Vacaria, tanto na primeira quanto na segunda safra.
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Figura 3.3 Dados de espectrometria de massas do composto 38, quercetina-3-O-[4""-(3-
hydroxi-3-metilglutaroil)]-a-rhamnose.
3.2 Anélise de componentes principais

A analise de componentes principais (PCA), foi utilizada para classificar as trinta
amostras de mirtilo de acordo com a sua composi¢do relativa de flavondis e acido
clorogénico. Para isto, 44 flavonois e o acido clorogénico (Tabela 3.2) foram incluidos e
trés classes foram selecionadas para avaliar a separacdo, safra (2010/2011 e 2011/2012),
produtor (1, 2, 3 e 4) e espécie (Highbush e Rabbiteye). As duas componentes principais
(PC1 e PC2), descreveram 55% da variancia total dos dados.

Pode-se observar na Figura 3.4 (a), que a andlise de componentes principais

aplicada as cultivares de mirtilo, somente permitiu agrupar estas cultivares de acordo com a
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espécie a qual elas pertencem, ndo havendo separagdo devido ao ano da safra e nem ao local
de produgdo dos frutos. Andlises estatisticas similares foram realizadas para varias classes
de compostos fenodlicos (acidos fenolicos, antocianinas, flavandis, flavondis e estilbenos) em
mirtilos europeus, plantados em diferentes locais da Eslovénia, conseguindo distinguir os
mirtilos por regido [25], entretanto além dos autores avaliarem parametros como
antocianinas, flavandis, e estilbenos, que ndo foram analisados neste estudo, eles observaram
que as regides onde os frutos foram produzidos diferiam climaticamente, o que ndo ocorreu
em nosso trabalho.

Pelos graficos de scores ¢ loadings (Figura 3.4 (a) ¢ 3.4 (b)), observa-se que houve
a separagio das espécies Highbush e Rabbiteye, na primeira componente principal. Acido
clorogénico, ¢ mais onze flavondis possuem scores altamente positivos na PC1, o que
contribuiu para a separagdo da espécie Highbush. No entanto, dentro desta espécie as
cultivares Coville (Co-2) e Bluecrop (BC-2) de Vacaria, pertencente a safra 2010/2011 se
encontram proximo ao zero da PC1 o que ndo permite atribuir, pela andlise de PCA, qual
composto fendlico foi importante para a sua separagdo. Todavia, sabe-se que estas duas
cultivares foram as uUnicas da espécie Highbush que ndo apresentaram quercetina 3-
galactosideo como flavonol majoritario e sim quercetina 3-glucuronideo, o que ¢€
caracteristico de muitas cultivares da espécie Rabbiteye e que provavelmente dificultou a

separacao na PCl.
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Figura 3.4 Analise de componentes principais (PCA) nas cultivares de mirtilo pertencentes
aos quatro produtores e duas safras, (a) Grafico de scores para PC1 (fator 1) e PC2 (fator 2),
diferencas entre classes (espécies); (b) Grafico de loadings para PC1 (fator 1) e PC2 (fator
2), identificacdo dos picos, pode ser visualizada na (Tabela 3.2).

4 CONCLUSAO

Quarenta e quatro flavonodis foram encontrados, além do acido clorogénico. Destes,
muitos compostos ndo tinham sido encontrados em mirtilo anteriormente. Foi observado que
existem diferencas nos flavonois majoritarios dependendo da espécie de mirtilo, Highbush
apresenta quercetina 3-galactosideo como majoritario e quercetina 3-glicosideo em grandes
quantidades, enquanto a espécie Rabbiteye tem como majoritarios quercetina 3-rhamnosideo
e quercetina 3-glucuronideo. A andlise estatistica mostrou que o perfil de compostos
fendlicos (incluindo 44 flavonodis e acido clorogénico) pode ser usado para distinguir as
espécies de mirtilo (Highbush e Rabbiteye), no entanto, ndo demonstraram uma separagéo

quanto as cultivares e local de produgdo dos frutos.
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CONCLUSOES GERAIS

Através deste trabalho, foi possivel concluir que os mirtilos produzidos no
Brasil, sdo excelentes fontes de compostos fenolicos correlacionando-se positivamente
com a capacidade antioxidante, que ¢ muito superior nos extratos hidrofilicos do que
nos extratos lipofilicos de mirtilo, devido ao fato destes frutos possuirem pequenas
quantidades de carotenoides. Em funcdo disto, houve uma separagdo dos extratos
hidrofilicos de acordo com o produtor e ano da safra, enquanto os extratos lipofilicos se
agruparam de acordo com a espécie de mirtilo (Rabbiteye ou Highbush).

Em relagdo as analises cromatograficas, observou-se diferentes perfis de
compostos fendlicos nos frutos, de um modo geral foram encontradas 36 antocianinas,
44 flavondis ¢ um acido hidroxicinamico, acido clorogénico, nos mirtilos, muitos
compostos foram identificados pela primeira vez neste fruto. Houve uma
diferenciacdo entre as cultivares do grupo Rabbiteye e as cultivares do grupo
Highbush, as primeiras apresentaram um contetido maior de antocianinas enquanto as
cultivares do grupo Highbush possuem um conteido maior de flavonodis e sdo

praticamente as Unicas a apresentar antocianinas acetiladas.
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APENDICES

Apéndice 1. Exemplo do perfil cromatografico mais completo (36 antocianinas —

Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) das antocianinas encontradas.
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Apéndice 2. Exemplo do perfil cromatografico mais completo (36 antocianinas —
Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) dos derivados ligados a delfinidina.

Intens. |
mAU

60

401

201

ITAL11-D1-REP-MS.D: UV Chromatogram, 516-524 nm

9|9

13.6
23.9

LY

159
h 23|.5

ITAL11-D1-REP-MS.D: EIC 303 Al
Tipo delfinidina (dp)
(ion produto, m/z = 303)

29.6

W Y

L

ITAL11-D1-REP-MS.D: EIC 465 +All MS

galactosideos e glicosideos

(ions moleculares, m/z = 303 + 162)

137

A~

0.5

16.0

ITAL11-D1-REP-MS.D: EIC 435 +All MS

arabinosideos e pentosideos

(ions moleculares, m/z =303 +132)

235

00
x10%_

1.24

0.8
0.6
0.4

0.2

0.0

acetilhexosideos
ions moleculares, m/z = 303 + 204)

23.9

ITAL11-D1-REP-MS.D: EIC 507 +All MS
295

142

Y L
30 35 Time [min]
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Apéndice 3. Exemplo do perfil cromatografico mais completo (36 antocianinas —
Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) dos derivados ligados a cianidina.

Intens. ITAL11-D1-REP-MS.D: UV Chromatogram, 516-524 nm
mAU

40

204

04
x108 ] TTAL11-D1-REP-MS D: EIC 287 +Al
1.0 14.9

0.8

0.6

0.4

0.2+

Tipo cianidina (cy)
(ion produto, m/z = 287)

A

OA%- . | | . bl y 1 A M 11117 L eI LAVPRA USEINYUN it
X106 ITAL11-D1-REP-MS.D: EIC 449 +All MS
2.0 , L

1 galactosideos e glicosideos
. 5: (ions moleculares, m/z = 287 + 162)
1.0

14.9
057 19.1
OA%- /\ /\L 2 A 2\
X109 TTALT1-D1-REP-MS.D; EIC 419 +All MS
3.0 20.8 N .

] arabinosideos e pentosideos
2.5

(ions moleculares, m/z =287 +132)

0.0
X10%- . , ITAL11-D1-REP-MS.D: EIC 491 +All MS
1 acetilhexosideos

1 fonsmoleculares, m/z = 287 +204) %2
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Apéndice 4. Exemplo do perfil cromatografico mais completo (36 antocianinas —
Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) dos derivados ligados a petunidina.

Intens. { ITAL11-D1-REP-MS.D: UV Chromatogram, 516-524 nm
mAU
40
20
04
x105 | TTAL11-D1-REP-MS.D: EIC 317 +AI
8- 21 Tipo petunidina (pt)
1 21 s (ions produto, m/z = 317)
64 i
44 340
21 29,1 3q.7
% X |
x106] TTAL11-D1-REP-MS.D; EIC 479 +All MS
1 241
34 galactosideos e glicosideos
1 231 (ions moleculares, m/z = 317 + 162)
2]
1]
3108 TTAL11-D1-REP-MS.D; EIC 449 +All MS
] 246
201 arabinosideos e pentosideos
] (ions moleculares, m/z =317 +132)
1.5
1.0
05 291
0%3 /I\K /\\_ o A VX
X106 TTALT1-D1-REP-MS.D. EIC 521 +All MS
1 . , 34.0
1251 acetilhexosideos 4
1005 ions moleculares, m/z = 317 + 204)
0.75]
] 3.7
0.50 4
0.25
000 e et e e M
10 15 20 25 30 35 Time [min]
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Apéndice 5. Exemplo do perfil cromatografico mais completo (36 antocianinas —
Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) dos derivados ligados a peonidina.

Intens. ITAL11-D1-REP-MS.D: UV Chromatogram, 516-524 nm
mAU

40

204
0- A_
x1044 ITAL11-D1-REP-MS.D: EIC 301 +All

Tipo peonidina (pn)
1 (ions produto, m/z = 301)

AT AN L AL AL LA H LN ]4 ‘Ilul Lﬂ‘llﬂl J\ i .1\1 hﬁlul.‘ LAl S0 WU 4“”[‘

ITAL11-D1-REP-MS.D: EIC 463 +All MS

>
2
os>

3]

galactosideos e glicosideos
(ions moleculares, m/z = 301 + 162)

~

N

24.1 |

[
PN NI WS N WA TN |

o

)
>
"

ITAL11-D1-REP-MS.D: EIC 433 +All MS

N
L
N
~
N

arabinosideos e pentosideos

91" (ions moleculares, m/z = 301 +132)

0.8

0.6

0.4 317

0.2

...A.u.“ s VLS o b, Alidisi .hh.l“‘-... ORI WA s MM A\ il M ‘A..AJ.A‘ Llulul“m.l.lull. v A 1A AT (Y INT LY
x10 ITAL11-D1-REP-MS.D: EIC 505 +All MS

1507 acetilhexosideos 3G.6

125 fons moleculares, m/z = 301 + 204)
1.00
0.75
333
0.50
0.25
0.00 Ty A‘.u.Nlnm&A‘.umA‘ AVVARALL WA A‘th I AL g Mt ALK A..“‘AMMLHA.“I“..J J ...m STV WM 4 m.iln&hu“k vl Nl [
10 15 20 25 30 35 Time [min]
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Apéndice 6. Exemplo do perfil cromatografico mais completo (36 antocianinas —
Perfil tipo Bc-2) encontrado nos mirtilos analisados com dados de espectrometria de

massa (ESI MS/MS) dos derivados ligados a malvidina.

Intens. ITAL11-D1-REP-MS.D: UV Chromatogram, 516-524 nm
mAU

401

201

0- A_
x108 ITAL11-D1-REP-MS.D: EIC 331 +All

Tipo malvidina (mv) %47
(ions producto, m/z = 331)

] 281 235
1.0 376
] 34.9 :
0.52 3:‘.).6
001 d
x100] TTALT1-D1-REP-MS.D: EIC 493 +AIl MS
247
| galactosideos e glicosideos
81 (ions moleculares, m/z = 331 + 162) 2§.1
4_
2_
x103 TTALT1-D1-REP-MS.D: EIC 463 +All MS
] 294
5 arabinosideos e pentosideos
.] (ions moleculares, m/z =331 +132)
3
2]
19 336
] A N A
x10%

ITAL11-D1-REP-MS.D: EIC 5%5 EAII MS

] ) ] 7
34 acetilhexosideos !

(ions moleculares, m/z =331 +204)

10 15 20 25 30

Tirr;e [min]

] 350

1]

0 e J— J
35
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